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Ij^TjlTUTE officers.and cornmit- 
• tees are listed-in oDmplete and up-to--< 
^ate'form in this issue, p. 71-76 


^Nominations for a.i.e.e/ 

1932-3 . national officers are an¬ 
nounced, with brief biographical 
sketches of the nqpiinees. p. 52-55 


TrfREE-POWER electric locomo¬ 
tives are designed especially for use 
"on portions of track not completely 
electrified, p. 9-13 
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3TEAM or electric power station 

auxiliaries? Both sides of the argu¬ 
ment are presented under “sponsor¬ 
ship of the rTnstitute’s*power genera¬ 
tion committee, p. 20-2S • 


Many important advances in di¬ 
electric research were revealed at the 
fourth annual meeting of the com¬ 
mittee on Metrical insulation, Na¬ 
tional Research Council, p. Sflfio 
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REATER standardization in sizes 

and ratings of manufactured prod¬ 
ucts, together with the increased apr 
plication of “preferred nuinbers” 
should result in economies for both 
consumer and producer, p. 14 - 


WINTER convention* for 1932 
soon will bp here; features scheduled 
include “fourteen technical sessions, 
n a variety of insp*ec|jon trips and 
^social functions, and a^,special pro¬ 
gram fo? women guests.” p. 60-61. 
Most of the^papers to be presented 
• are abstracted in this issue, p. 89-ifi 


Correction— in “in— insula¬ 
tion Materl^J. Aids Extinction of 
Cab^e Arcs” appearing. in Electri¬ 
cal Engineering for December 
1931, the third from the lasf sentence 
in column one A p. 956r s ‘should have 
stated “In those tests where the 
insulation had been car^ fiily cleaned 
away abdut 6 “in v or more from the 
arc, the arc would then persist. In 
this case the arc ^oltage was about 
100 volts, or between one-third*ftnd 
one-fourth as large as the value of 
350 'vdfes found when the are :wa» 
bounded <9osely by insulation.’* ; 
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Extended laboratory tests*** reveal that "the 
cor6na formation vojtage and the initial 
radio interference voltage of clean, dry 
insulators are identicak Oscillograms 
show many interesting characteristics of 
^insulator cprona current and of the radio* 
interference caused by it.* Means for 
reducing the interference are suggested. / 
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readily as air and has a dielectric strength several times* 
? greater. Glass used in modern^high voltage insulators 
"•has a permittivity four and onedialf times that of aiiv 
and, like porcelain, .also has a* dielectric strength 
several* -times thafc of air. Became*/*of the* widely 
different permittivities, exceedingly jearefifk design is 
necessary to use air and porcelain or air and glass f in 
series ^combinations* %ith high "impressed «*yoltagqs. 
Thin air-gaps miseries awith thick sections of porcelain" 
or glass must be avoided in regions of cfense dielectric 
flux, or failure of the air bytiopization wjll result. This 
undesirable condition is foufld in*thip different places 
on many of the standard mulfi-shell pin type insulafcprs 
as now designed,.as follows:’ * 


*>_ 
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. At points whore the conductor and tie wire are not in intimate contact 
with insulator head. ** * 
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^ADIO INTERFERENCE originates 
on high voltage insulators from two principal causes; 
(1) from very small ionization or corona discharges due 
to overstressed fur in the dielectric field; and (2) from 
intermittent leakage currents flowing through conflict¬ 
ing deposits of vario^ kinds on the insulating surfaces. 
Both* of these causes of. interference are of sufficient 
importance to warrant investigation. However, be¬ 
cause the corona discharge type* of interference is 
universally troublesome, and serious surface leakage is 
more or,less localized rh* certain geographical areas 
which are subject to salt" fogs or special industrial 
conditions,^ this investigation has been devoted to a 
study of interference due to corona. 

The voltage gradient or stress oft a dielectric trans¬ 
mitting dielectric flux is clirdctly proportional to the flux 
density, and inversely proportional to the ease with 
which the insulating material transmits flux. There¬ 
fore, when two dielectrics are transmitting the sam e 
? dielectric flux in series, the dielectric having the lowest 
permittivity obviously will be subjected to the highest 
voltage gradient per unit thickness, The insulation of 
high voltage power lines consists of tw<f dielectrics, air 
and sornfe other solid insulating material such as porce¬ 
lain or glass. In* their practical application,’ these 
gaseous and/solid materials, are combined in series and 
■ parallel sfefar^sments in the dielectric circuit. 

Air and solid materials have widely different dielec¬ 
tric^ characteristics. High voltage insulator porcelain 
Crajismits dielectric flux approximately six times as 
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At, tho contact betwocn the pin or thimble and the insulating material.. 
Between shells of multi-part insulators. _ : 


When insulators so designed are used on high voltage 
'^alip^thd air in these regions of hign voltage‘gradient 
fails due to the ionization-by-collision phenomenon. 

* air failure occurs very suddenly at the time the 
critical, ionizing gradient is reached each half cycled, 
the alternating voltage impressed on the insulator. 
Because of the changed egergy storage in the capaci¬ 
tance and inductance of the electric.circuit the sudden 
flow of ionizing current resulting %rom the corona 
formation sets up oscillations in €he electric circuit. 
The oscillations thus generated cover a wide band of 
frequencies from the lower range of audibility through 
the higher radio frequencies. These higher frequency 
radiations cause radio interference. - v •: * 

Laboratory tests show conclusively that radio inter¬ 
ference from dean, high-voltage insulators is-caused by 
corona discharges occurring at locations on the insulator 
v^here the air is ionized by excessive dielectric flux con¬ 
centration. Large numbers of fesfs i*» o 
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Pull text of a paper (No. 32-1) to»*be' presented at the A.I.E.E. 
convention. New York, N. Y., J«n. 26-29,1032, ; 
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centration. Large numbers of tests conducted in a 
darkened room showed that corona formation and radio 
interference always are^ coincident. To obtain this 
result, great care must be used in performing the tests. 
The radio receiving set must have high amplification, 
the loop antenna must be closely coupled with the cir¬ 
cuit radiating the interference, and the corona obser¬ 
vations made very carefully in a dark room. Ooviously 
when the corona formation first occurs under a eonduc- 
toif behind a tie wire, or in the pin-hole of an insulator, 
it cannot be observed. Radio noise will occur coinci¬ 
dent with this hidden corona and therefore precedes the 
first observable appearance of corona. The fact that 
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Table •S—Radio 
Interference and 
Corona Formation-'' 
Voltage "Data for 
Pin ftisulators 


a " d radi0 'interference are coincident 
determined by a great many tests using insulators 

? d ? ped ?f d ^ted that the first corona occurs in - 
oeations^easily observed in a darkened room. Some of 

these test data are shown in Table I. \ 


*Shglls numbered 
from head to pin. 
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Radio^Interference Aim Visual Corona Formation 
* * Voltages 
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JVt the time the investigation of radio interference 
- was started, it was known that in general the inter¬ 
ference from pin type insulators is more pronounced 
than that from the suspensjon type; also, that more 
interference was radiated from high voltage than 
from low voltage j/in type insulators. For these reasons, 
practically all tests "have been confined to pin and 
pedestal insulators rated at from 66 to 73 kv. The 
radio interference and visual corona formation voltage 
tests were made with apparatus connected as shown in 
Fig. 1. Great n care was exercised to avoid extraneous 
interference from the, testing Equipment. Tcfprevent 
interference from minute discharges between metallic 
parts in close proximity to each other, all pieces of 
hardware associate4 with-the experimental apparatus 
were bonded carefully either to the high voltage con¬ 
ductor or to the ground. A polished ^-in. galvanized 
iron pipe (0.83. in. outside diameter) shielded at each 
end, was used as the conductor; this pipe was free from 
corona for allvoltages up to 100 kv. 

r 

Tests on Pin Insulators 

A few representative determinations, of the radio 
interference and corona formation voltages for pin 
insulators are given in Table I. The tabulated values 
show that radio interference and visible corona occur at 
the same value of insulator voltage except when the 
corona starts in locations not in view. 
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* Theounshielded insulators sferfSd radiating interfer¬ 
ence and showed visible corona at the surprisingly low 
voltages of from 8.0 to *12.2 kv. to neutral or approxi¬ 
mately 25 per cent of the normal operating voltage. 
However, all of the shielded insulators except F-5 
showed a marked improvement in the radio interfer¬ 
ence formation point, and only one insulator G-2 was 
free from radio interference at normal operating voltage. 
1 he lower case subscript letters (Table I) indicafe 
'insulators treated or modified as shown under the re¬ 
marks in the table. >> 

It may be observed that improvements were effected 
by sealing all crevices with cement or compound; the 

ooT°-.?o erference ™ ltage was increased thereby from 

to 123 per cent. 
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Fundamentals op Preventing Insulator Radio 
Interfer'enCe 

o 

fl *» 

Because of the nature of the disturbing electrical 
discharges on insulators thefe A at least three methods 
of attack to eliminate fliem. These are to: 

* •« 
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sf ?” dpoilrt ' “ethod 1 is 4e most 
I'* 11 ® three because it employs no auxiliary 
matenal which may be subject to deterioration in 
This method, however, is th^jnost radical 

departure from Present practise and'therefore probably 
wih require a longer development period if found prac- 

dSwh f If , me , ttlod 2 employing a dielectric «hx 

distabutor is used, the conducting material must be in 

^mhmatecontart withdMectricthaiall 
ajr between the conducting coating and the porcelain 

*> Electrical EngSn^eeing 

.... . ^ - ■- -■ 
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■ :% glass . is exc / ¥lded * The # us^*o«method 3 requires that faithfully to high frequencies^ The4evke -that meets" 
*’*. . a * r m re ^ 101 ^ s subject tp being overstfessed t.o*the these requireihents®most* ^tisfactorily is ^bhe low volt- 
lonizmg, Pomt>be displaced by-dn msulating compound. • age cathode ray oscillograph. Because of the-low 
Some difficulties are encountered , in employing any anode-cathode voltage and resulting low velocity of the . 
^ these three methods. Conducing coafjn|fe must electron stream, this instrument has the highest sensi- 
r^mam at all times m intimate contact with the insulator* tivity dj all. of the cathode ray oscillographs; and the** 
material, and must withstand weathering, Electrolysis cathode heap diffusion due to ^relative imm&bility 
due to leakage currents, temperature changes, and of.the^ positive focusing ions is not excessive* for beam 
abrasion due to’conductor and tie wire motion. # Further - speeds of 3xlQ 6 cm. per sec. on the1luore$cent screen.' 
such coatings must nofterminate in positions that will * Although the cathode ray oscillograph is well suited 
overstress the air in other ppts of the dielectric circuit, -to the study of high frequency discharges, it will not 
and the flashover value of the insulator must not be of itself separate the corona current from the charging * * 
reduced below the required factor of safety. If insulat- current. ‘ T© overcome this difficulty the circuit shown 
mg compound is used, it must withstand weathering,, in Fig. 2 was devised to balance out charging current * 

stay in place through the extremes of temperature to '■ leaving only the corona current to produce deflection. v 
wmchjit may be subjected, and not be displaced by the With this circuit arrangement, it is possible by adjusting 
motion of the conductor«and tie wire to the extent of , R x an<kC 3 1»isalw th| vertical deflecting poTfential on 
impairing its effectiveness. / the oscillograph zero fd all insulator vol&ges U p to the • 

Although the design of a satisfactory insulator of critical corona formation voltage. At- .this critical . 
practical pr&portions and which will be suitable for voltage and for higher voltage,"the osciHograph vertical • 
mass production apparently is not a simple problem, deflecting voltage is proportional to*the instantaneous 
it is believed to be entirely possible to meet the require- value of the insulator corona current in This 
ments outlined and build an insulator entirely free from' condition obtains because C x is free from corona A 
radio interference at a safe margin above its hormal,’glass insulatof with -dielectric flux distributing coatings 
operating voltage. * on the head and in the pirn-hole, and found by test to be 

• free from corona up to 50 kv., was used for Ci When the • 

Insulator Corona Current Investigation. * accompanying cathode ray oscillograms were taken* ■, 

' , j i The horizontal deflecting or. Sweeping voltage for the 

mm {- and character of the corona current ^oscillograph was obtained from a neon oscillat&r eon- 
of high voltage* insulators is of great interest and im- neciecl as shown in Fig. 2. T^his type of. oscillator 
portance because these characteristics are direct indi- % produces- practically a straight line time axis that can 
Rations of the radio interference radiation produced, be operated over a wide range of sweeping frequencies 
Corqpa current is not easily studied because (1) it is by th& adjustment of R a and C 4 . This sweeping'" 
qmte small, attaining maximum values of approximately oscillator can be synchronized readily with the frequency 
40 microamperes for normal voltage on a standard 66- producing the phenomena*under observation so that a" 
kv. msjilator; (2) it is obscuped by the insulator charging stationary image either for observation or recording 
current which is approximately 0.4 milliampere maxi- photographically is obtained. To -eliminate stray di- 
mum or 10 times the corona current for an insulator electric fields a grounded wire cage 5x5x6 ft. high was 
of this size,- and (3)*it has superimposed oscillations of used to shield all apparatus associated with the oscillo- 
very high frequency.. I . graph and neon oscillator. 

An instrument suitable for tne fhvestigation of cur- Voltage was applied to the laboratory line and 
rents bf these magnitude^ and characteristics must increased to a value ^ust below the critical corona 
have a high sensitivity and be capable of responding voltage for the insulator under Jtest. At this voltage. 
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Fig. 2. Circuit for 
obtaining cathode ray 
ostiilograms of insu¬ 
lator corona current. 
Note that the insulator 
charging current is 
balanced out 
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resistance <R r an*l capacitance■ C 3 were adjusted to 
fnake the vertical deflecting.. voltage zer&. These ad- 
. jus^nents were made while the neon oscillator was 
* sweeping the cathode beam over the time axis,^ con¬ 
ditions under which any slight inaccuracies in balance 
^were^detected readily by the deviation of the Seam from 
a- straight line. When this balance was established 
accurately, a series of corona current oscillograms was 
taken for the^insulator at various conductor to pin- 
voltages from 10 to 40 kv., r.m.s., in increments of 5 kv! 

. r ^ is shown ar- series of corona current oscillo-*- 
■grams taken on a standard three-shell 66-kv. porcelain 
r insulator with a^y^/in. malleable thimble 'cemented in 
, Li ^ ie pin _ hol§. Oscillogram G (40 kv.) shows th£*normal 
corona Current for this insulator operating on a three- 
pbase transmission line r at a lipe ^potential of 69.3 iy. 
AtmosphSrfc conditions were representative and normal 
r air density befcig 1.006 and the Absolute hninidity 9.4 g! 
per cubic meter. 

t Oscillograms*- reproduce^ 'in Fig. 5 show that when 
tne«ionization gradient is^eached, the current rises to a 
maximum value quite abruptly during the positive half 



rent are not^ alike, and v^here the oscillations are the 
greatest^ the - variation? fei successive figures is largest.- 
* This variation in the ^registration of successive cycles is 
ohown on the oscillogram by variations in intensity of 
e exposufe qnd sharpness of the image! 

Corona current^oscifiograras were taken also on a 
special three-shell 66-kv. porcelain insulator with a 
silver and bismuth coating on the head and in the pin¬ 
hole, . This insulator**(No. B-6 of Table I) was practi- 
cally identical with the previous one except for the 
addition of the metallic coatings. In this case no 
corona current was observed below 30 kv. The 
difference in the character of positive and negative 
B corona currents on tj^is insulator was greater than for 
the standard insulators. The positive current shows 
much less oscillation than the negative,'“and the duration 
of the positive current was observed to be much shorter 
than4;hat of the negative. 

. Metallic dielectric flux distributors on this' Special 
insulator greatly improved the characteristics from the 
standpoint of radio interference. , The interference 
starting voltage was increased fern slightly above 10 
kv. to 23.5 kv., and the maximum corona current at 
r 40 kv: was reduced from 40 to 11 microamperes. 
However, the voltage gradient waS noted to be excessive 
at the edges of the metallic coatings on the head and in 
' the pin-hole at 33,5 kv., which is only 61.6 per cenkof 
normal operating voltage. 

Similar oscillograms were taken for a standard 70-kv. 
one-piece glass insulator without any treatment to 
prevent corona formation. These oscillograms show 
the same general corona current characteristics obtained 
with the standard porcelain r insulator. Cathode ray 
oscillograms for a similar glass insulator with high 
resistance iridescent dielectric flux distributors on'the 
head and in the pin-hole revealed no corona current 
for voltages up to 40, kv. when these coatings were in 
good condition. «T . 


Fig. 3. Apparatus for obtaining cathode ray 
r oscillograms of insulator corona current 

ft 

cycle and r decays rapidly with considerable oscillation, 
reaching zero practically coincident with the occurrence 
of maximum voltage on 'the insulator. During the 
negative half cycle the corona current does ifot reach 
its maximuin value in so short a time interval as in the 
positive half cycle, the oscillations appear to be much 
more violent, and the corona Current is sustained at a 
high value for a longer time. The higher sustained 
valuS of negative current is shown clearly by the fact 
that for % same line voltage the area under the nega¬ 
tive wave is greater than under the positive wave. 

tJnfortpnately the oscillograms do not show the 
oscillations clearly. This is because that in order* to 
form an image on photographic film it is necessary to 
trace several successive cycles of corona current on the 
fluorescent screen. On account of the chance character 
o coroiia formation, successive cycles of corona cur- 

6> j V 
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Oscillographic Stud^ of Radio Receiver Output 

* Vt * 

In order to determine the value of the cathode ray 
oscillograms of insulator corona currents for indicating 
the interfering noise that will be produced in a radio 
receiver, alarge number of both Duddell and cathpde 
ray oscillograms was taken of the audio frequency - 
output from a superheterodyne receiver. These were 
taken* wjth the receiver tuned for a frequency of 1 000 
kc. and receiving only the radiation from the laboratory 
line equipped with one insulator. The circuft condi¬ 
tions and voltages used were the same a.s those employed < 

when the cathode ray oscillograms of corona current 
discussed previously were taken, . 

. A typical set of oscillograms for this portion of the 
investigation may be seen in Fig. 5 (f In these the 
polarity, and magnitude of the insulator voltage as Well 
as the audio frequency current qutput of the radio 
receiver are shown for the stah^ard, three-shell, 66-kv. 
porcelain insulator for which corona current oscillo- 
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grants were sljown in Fig. 4* ,It ‘should Be observed 

.;.that the oscillations, in Ibhe* audio output have ’fre¬ 
quencies reaching vahte^ of *5,000 cycles per sec?, which * 
is the natural period of oscillatiofi W the oscillograph 
vibrator element. .Therefore the an^plitude indications 
ure not very reliable. Notwithstanding this* fact, the' 
oscillograms show accurately the beginning of the 
corona discharge and quite accurately the end of the 
corona discharge with reference Jo <5ach half cycle of 
the insulator voltage. iAt 14.1 kv. maximum,* therfe is 
just the slightest trace of, interference, occurring' at 
practically the crests of the voltage waves. At 21.2 kv. 
maximum, the corona starts at, a very small electricar 
angle and at 28.3 kv. maximum, it appears at the zero 
point of the* voltage wave. For higher voltages thp* 
corona starts before the voltage wave reverses polarity. 
For alt Values of voltage jthe corona discharge stops at 
tlje crest of the voltage wave. This is shown by the fact 
that at*that point the oscillations stop. Ajo the higher 
voltages the smooth, decay of current following the 
oscillations is duet to the recovery of the receiving *et 
from overloading. 


gradients on the insulator at aero, and even with op¬ 
posing conductor potentials, is due to the large space ' 
Charge established in the space and on the insulator 
surface siurounding the conducting jpaterials where * 
ionization has taken place during the previous half 
cycle. This is brought out in greater detail in the fol¬ 
lowing discussion. 

4 ThEORW OF THE FORMATION OF INSULATOR CORONA * 




* 

A theory of the phenomena associated with corona 
formation on an insulator can be developed by assuming 
the initial half cycle of conductor voltage to be either 
positive or negative. For ihe following discussion the 
initial polarity is assumed to be negative and the 
ionization of the air surrounding the conducting parts 
and in zones of-high voltage stress is assumed to be only 
the normal atmospheric value atfthe instant the voltage 
first is applied. * * 

During the initial^negative half cycle, the dielectric 
field .of the negatively charged conductor repels the free 
electrons and negative ions in the regions of high voltr 
age gradient; when the critical ionizing voltage gradient 
is reached* they bombard the air molecules with such 
violence, that ioniza'tibn by collision result^ - The 
additional electrons and negative ions produced by 
collision* are repelled from the conducting material 
by the electric fieltj, and form the major part ol an out¬ 
side negative space charge. The heavy immobile 
positive ions move relatively slowly toward the con¬ 
ductor in the regions of ionization. In this manner 
corona increases # and the positive ion space charge that 
acctoiulates due to the relative immobility of the posi¬ 
tive ions subtracts, from.the negative field* of the 
conductor until the cre^fof the voltage wave is reached. 
Ait this point ionization stops because the space occu- 

- • • ' •• 
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Fig. 4. Cathode ray oscillograms Fig.*5. Insulator voltage 
of corona current for a standard 66- (60 cycle) and output 

kv. porcelain pin type insulator of tadio receiver show- 

♦ 

ing noise from corona 

Insulator kv. on insulator of Fig. 4 

conductor to pin 

r.m.s. maximum Test conditions (Figs. 4 and 5) 

A 10.. ..14.1 Barometric pressure 756.0 mm. «* 

B— 15....21.5 Temperature, dry bulb 21.6 deg. cent. 

C- 20.. ..28.3 wCt bulb 15.3 deg. ce&t. 

D— 25- 35.4 Relative humidity 50;0 per cent 

£ 30... .42.5 Absolute humidity 94.6 g. per cu.m. 

F— 35.. ..49.5 

0— 40.... 56.6 * ... 

pied by the corona is completely ionized*; the volt¬ 
age gradient at the outside boundary of the corona 
discharge is just equal t© the critical value and must ^ 
decrease below this walue as the conductor voltage 
decreases. For the negative conductor condition under 
consideration the positive space charge limits the corona 
to a comparatively small discharge distance.* Many of 
the free electrons are swept out of the ionization zone 
an£ the loss of positive ions by recombination adjacent 
to the conductor thereby is_ reduced to a relatively 
small number. Large numbers of positive ions always 
are present therefore adjacent to the conductor; this is 
such a favorable position that a comparatively small 

7 * 


























Fig. 6. Insulator volt¬ 
age and radio receiver 
output showin§ more 
interference during the 
negative than during 
the positive hjjflf cycles. 


Insulator kv. 
conductor to |Sin 
r.ims. maximum 


.42.5 

.49.5 

.56.6 


A— 30.. 

B— 35.. 

C— 40.. 

Barometric 
pressure 760. r 0 mm. 
Temperature * 
dry bulb 21.5 deg. cent, 
wet bulb 16.0 deg. cent. 
Humidity 

r relative 56.0 per cent 
abcotete e 10.6 g.per cu.m. 


Porcelain*msulator (66 Kv.) 
with silver and bismuth coat¬ 
ing on head and in pin-hole 


positive space charge will reduce greatly the field of a 
large negative conductor voltage at the outside bound¬ 
ary of the corjpna discharge. • • 0 c 

* After the negative voltage, wave passes the crest and 
starts to decrease, the negative space charge at the 
r ouster boundary of the corona no longer is replenished 
by new ionization; hendfe it begins to diffuse and be lost 
by m redombinatiora This action releases the positive 
space charge and allots it to move more rapidly*back 
toward the conductor, which movement tends to in- 
dtease the gradient in the space between the positive 
space charge and the conductor. Because of 1;he de¬ 
crease in conductor potential, ionizing voltage gradients 
"prior to actual reversal of conductor potential are 
reached only wheu the space charge is very large. The 
latter phenomenon does occur, however, for all maxi¬ 
mum applied'voltages in excess of approximately twice 
the maximum visual critical corona voltage. 

"When the conductor voltage reverses and becomes 
positive after „ the described phenomena have taken 
place, the dielectric flux of th€ residual positive space 
charge adds to the field of the positive potential on the 
conductor. The addition of those fluxes causes the 
critical ionizing voltage gradient to occur at lower ami 
lov&r values of instantaneous positive. conductor volt¬ 
ages as the maximum conductor voltage is increased 
above the visual critical corona value. The resultant 
positive field accelerates the electrons in the surrounding 
space, and when high velocity collisions occur with 
molecules of air, ionization is produced. Large numbers 
of the electrons liberated are swept from the field and 
removed by the conductor, leaving more immobile 
positive ions to add to the positive space charge.. 
This increase in space charge increases the dielectric 
flux density and extends the ionizing voltage gradient 
to a far greater distance from the conductor than would 
be possible with the conductor voltage acting alone. 
"When the crest of the positive voltage wave is reached. 


t f r e . . „ * 

thevoltage gradient is at'-piagimum and *the corona dis¬ 
charge stops f because^© space occupied by the corona 
' is completely ionized; the,decrease in the conductor 
voltage makes ionizalion at a greater distance from the 
w conductor impossible. As the Conductor potential 
decreases it drops Jbelow space charge potential and^a 
field is established between space charge and conductor. 
The field produces ionizing voltage gradients before the 
conductor voltage reverses, when the space charge 
potentials are Very high. This r phenomenon occurs for 
maximum applied voltages-in excess of approximately 
twice the maximum, visual critical corona voltage. 

During the rise in voltage on the positive half cycle 
, a muc h larger positive space charge is established than 
f that* produced during the same' period r of the negative 
half cycle. This is because when the conductor is 
positive, the positive space ^charge flux adds to the 
conductor field and extends the ionization gradient, 
when it is ^negative, the positive space charg'e flux 
subtracts from the negative conductor "field at the 
otftside corona boundary. ’ „ 

When the conductor voltage reverses and becomes 
negative following the establishment of a large positive 
space 'charge in the manner just described, a very high 
voltage gradient is produced between the negative 
conductor and the residual positive space charge be¬ 
cause of the veiy short distance between them. When 
this voltage gradient reaches the critical ionizing value 
(which may occur before the voltage actually becomes 
negative) breakdown occurs in the form of minute arcs 
which neutralize the space charge. These corona* arcs 
produce sudden changes in the electric circuit conditions, 
thereby causing high frequency oscillations of a violent 
character. 


Radio Interference fro^e Positive and Negative 

Corona * " 


8 


Near the critical corona formation voltagethe electric 
circuit oscillations an^ the electromagnetic radiation 
resulting from thefn are inherently much worse for 
60-cycle a-c. circuits when* the conductor is negative 
than when it is positive. Theoretical considerations 
outlined in the preceding paragraphs indicate that this 
condition is to be expected and experimental investiga¬ 
tions show a very decided polarity effect Under certain p 
conditions. For the special 66-kv. porcelain insulator 
with silver and bismuth coatings on the head and in the 
pin-hole, oscillograms taken show a very striking polarity 
effect in the interference radiation. (See Fig. 6!) 

. From the experimental investigations it appears that 
the marked difference in radio interference when the 
line is positive and when it is negative, respectively, can < 
be observed only when the insulator has a definite 
critical corona formation voltage. W^en the voltage 
is increased far above this critical value, the polaHty 
effect becomes less marked and at still higher voltages 
prcfbably would disappear \hnost entirely. : This 
phenomenon accounts for the fact that practically no 


n n . . • -. . 

. Electrical Engineering 





interference polarity effect wsfe observable in the tests 
•pn standard insfilatorS. (Sea Fig? 4-) On suchrjinsula- 
tors there is a heterogeneous grqjip of visual critical * 
voltage gradients that cause corona, to form *in small* 
.syreas at various locations for everjs •different, value of # 
insulator voltages from 'approximately 25 fier .cent * 
normal operating voltage up to the flashover value. 
There the polarity effect is obscifred because when 
sufficient voltage is applied to produce appreciable 
corona on the insulator, *the regions that go into*corona 
at low voltage are subjected to an excessive voltage 
gradient and therefore produce practically the same, 
interference on both positive and*negative half cycles. 

• . . . Nummary * • . •• * 

The findings of this shady may fie summarized as 
follows: * 

1. Standard multi-shell pin type insulators of conventional design are 

susceptive to corona formatiofl at three different points. • 

2. Radio interference aftd visible corona formation for clean insulators 

start at the same voltage, *» • 

' a . • • 

3. Radio interference from insulator corona niiy be reduced by, (a) 
designing the Insulator so as to eliminate Regions of overstressed*air; (b) 


providing conducting coatings‘ oil, different parts jjo act' as 'dielectric flux 
distributors; and («> displacing the overajjfessed air wfrh an Insulating, 
compound. ‘ .5 

* • «s, 

4. Insulator corona current can be separated from the charging current 
and studied independently by means of the cathode ray oscillograph.^ 

5. Duddell oscillograms of the line voltage, and the audio frequency 

output of a radio set receiving the radiation from an insulator or othes, source. 
of corona, 1 provide an excellent, means for studying certain^Corona 
characteristics. • - ’ • 

6. The ^adio interference radiation from an insulator, having a definite 
critical corona voltage shows a decided polarity Effect for all corona voltages 
qp to approximately twice the critical disruptive value. 
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Locomotives for operation from either an 
external distribution system or an internal 
power source ar$ especially well adapted 
to serVtce-over portions of road which for 
economic reasons cannot* b£ completely 
electrified. Some of*the more important 
engineering features of this type locomotive 
ere outlined in this article. * 


• ■ HE THREE-POWER Ibcomotive has 

taken its name from the fact that it may operate either 
from an external power source, which maybe either a 
third-rail or overhead distribution system, Or from two 
•internal sources. The internal sources consist of a 
storage battery ahd a generator driven by an internal 
combustion engine. While the locomotive may be 
operated from the battery alone, operation oh internal 

t ■ — *- - —p-— ~ —-— - — - ■ ' —-——-* 

Based pppn. “Engineering Peaturds of Three-Power Lqcojpaotives” (Ho. 
32-2) to be presented aX the A.I.E.E. whiter conventiori. New York, 
NiY., Jan. 25-29,1932. ‘ 


By * " * 
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Non-Member ^ 

F. H. CRATON 
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power usually is carried out with the generator running 
in parallel with the battery. Thg New York Central 
Railroad now has in service 36 locomotives of this type. 
These are used primarily in the elimination of steam 
service on the “West Side” tracks of New York City 
where the complete electrification with external po^er ' 
would be extremely impractical if not almost impossi¬ 
ble. With the advent of electrified suburban passenger 
service from Hoboken, N. J., the Delaware, Lacka¬ 
wanna and Western Railroad also has put into service 
two three-power locomotives to aid in eliminating st^am 
from its Bergen (N. J.) tunnels. These arejused in a 
combination of transfer and switching service between 
that railroad's yards in Jersey City (adjacent to the 
Hoboken passenger terminal) and the Seeaucus yards 
about 3.5 miles distant. 

Perhaps the most outstanding feature of the three- 
power locomotive is its great flexibility. On both the 
New York Central and the Lackawanna systems the 
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'service* d&nsfndeel a self-propelled locomotive capable 
of handling *the heaviest type of ’switching and short 
transfer work, as well as road freight and transfer ser-' 

1 vice on external power. 

Service on the New York Centra^consist^ of switch- r 
**i»g«nd transfer work in an e d between yarcWat three 
different points gff“fts New York City, tracks, with 
many sidings leadyig into warehouses and industrial 
buildings, as«Well as much trackage on city streets; 
On the Lackawanna system the transfer wQrk consists 
..of hauling heavy trains at relatively high speeds oft 
* external power between the two yards mentioned pre- 
• viou&y; the switching, which must bo done entirely on 
, * internal power, consists of hauling these trains into the. 
yards, and partially breaking them up, making up out -' 
going frails,'and hauling them •to-the electrified trades. 
To meef needs of this character ths r thre^-po\^er loco¬ 
motive was developed. 

Although the operating yoltages of the two railway 
.systems mentioned r are “widely different (New York 
Cehtral 600 volts d-c.; -Lackawanna 3,000 volts d-c.) 
the general characteristics'and scheme of operation of , 
both locomotives are quite similar; (See Table I.)- 
Whep usingrexteraal power the Unit performs exactly. 


f$ble I—Specification Data for N.Y. Central and Lackawanna. 
Three-Rower Locomotives 


as a straight efefetric tofiftmptive although the engine- 
generator set may be?fUn„to charge the “battery. On* 
non-electrified track^, “power may be taken from the 
^battery-alone; however, if the engine is running,-trac¬ 
tion afcd,auxiliary,vpower are»tak<m entirely from the 
engine-gfenerator set up to its-capacity, above which the 
battery automatically assumes the excess load. On 
light loads the engihe-generator may run the locomotive 
and charge the^ battery at the same time. 

* 

General Requirements por Internal Power Plant 

t 

r 

The average powerrequired for switching service is 
small while the peak<demands are relatively large. The 
theory upon which internal power operation of the 
three-power locomotive is based is that the battery will 


• - 

N.Y.C. 

... ■■■?■ 5 

• + 

■ Weight of locomotive in running order_267,0001b.248,000 lb. 

Rated voltage on externa? powdh 


.3,000 (trolley) • 

r Continuous hp, on external power 


. 1.450 

r ' Hourly hp. on external power. 


.1,600 

Continuous tractive effort. 

.24,6001b. 

.22,200 lb. 

Hourly tractive effort.. 


.26,2001b. 

* Speed on external power at contifiuous 


tractive effort. r . 


. 24.5 ml. per hr. 

Speed on external powftr at hourly tractive 


effort.... 


.23.8 mi. per hr. 

Maximum tractive effort <25 per cent 


adhesion)... 


.62,0001b. 

Traction motors 



Number..'.... 


.4 

Type... 


. Axle-hung 

s Voltage.. ....... 

.600. 

.1.500/3,000 

Gearing....,."....... 

_...72/17. 

.72/17 

Ventilation.... #>..... 


. Forced 

Oil engine 



Type..?_ .........C.... 


Ingersoll-Rand 


solid injection 

solid injection 

Horsepower.... 


.300 

• Traction generator. ....,____ 


. 200 kw. 

Ba*tery 



Type... a.. v... .. i. 

........Exide Ironclad 

Exide Ironclad 


TL-27 

MVA-21 

Number of cells;........... 


.360 

Ampere-hour capacity'at 6-hr. rat# of 


discharge....... 


.340 

Kw-hr. capacity at 6-hr, rate of dis- 


* charge.......... 

....-801.. 

.242 

Average voltage at 6-hr. 

rate of 


discharge.... 


.712 

Connection of cells. 

...Series. 

. Series 

Grormded at.. 


..Negative 

Control „ 



Type.. 


Electro-pneu- 


matic, non- 

matic, ^ion- 

• >*:• ^ '* -••• ! ., v •/ . ", 

automatic 

automatic 

Motor combinations on 

external 


pover. 


..2 

Motor combinations on 

internal 


power .................. 


..3 


••• - .«*.*.* 

* 



Fig. 1. Battery discharge in heavy switching 
service on internal power only, as a function of tim$ 
that oil engine is running 
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thereby allowing the engine size to be cut to a minimum. 
Extensive tests to*determine the actual extent of these 
power requirements in heavy Switching service ©n inter¬ 
nal power were run in 1928 op the first New York 
Central locomotive built. The average output fpr the 
maximum observed day for three-shift service Wag ap¬ 
proximately 500 kw-hr. which gives an average Joad of 
62.5 kw. per eight-hour shift. The averager work for 65 
shifts „of three-shift service was 447 kw-hr. j>er shift. 
Frequently peak loads as high as 800 kw. were recorded, 
which is more than twelve times the maximum observed 
average load, per eight-hour shift. „ 

In later tests made on the Lackawanna locomotives, 
the ratio of the average power required in switching to* 
that required in transfer work proved to be approxi¬ 
mately 50 kw. to 460 kwr. or 1 to 9. JLt is believed that 
this is.the first case where actual data have been ab¬ 
stained which show the relative anpmt of work done on 
tile main and yard tracks. '‘SyHtching service in these 
tests called for Sequent short periods of operation at 
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from 200 to 400'kw. with p,eal$§.6f 800'kw., while trans¬ 
fer work had peaks as high a^3,@09,kw. ". «, . * 

For long battery life and reasonable maintenance, the 
battery discharge for each 24 hours „tfie locomotive is* 
operating in three-shift service should be limiteffco 125 
per cent of the total capacity at the six-hour r&te. To 
limit the battery discharge to this value successfully it 
is essential that the correct generator characteristic be 
used. This characteristic should be such as t$ ins ure 
the engine-generator unit carrying the entire load up^to 
its capacity, but not to recharge the battery so rapidly 
~ that the engine must be shut down frequently to prevent f 
overcharging. Without the engine the battery must of" 
course supply^the entire load, whiph results in the dis¬ 
charge over a 24-hr., pefiod being considerably greater 
than with^ the engine running most of the time. Initial 
tests showed that the engine should Le run at least 70 
pe» cent of the time to meet these discharge limitatfons. 
However, a generator characteristic low enough to in¬ 
sure engine operation 70 per cent of the time is too low to 
give the battery ah equalizing charge; therefore two 
- generator characteristic^ 'are necessary; (1) a nprmal 
characteristic for regular operation, and (2) a higher or 
r equalizing characteristic for use‘periodically to give the 
. batt^’y a gassing charge. 

Minimum size of the battery is fixed by the traction 
motor Characteristics and locomotive weight on one 
hand and speed requirements on the other. . The former 
determine the maximum current which may be drawn 
from the battery'as limited by adhesion, and the latter 
the number of cells. With traction motors in parallel 
the total current values for the New York Central loco¬ 
motive at various adhesions range from approximately 
2>500 to 3,700 amperes. A battery selected for this 
locomotive must be large enough to'deliver these cur¬ 
rents and to carry successfully at least 4,000 amperes for 
a period long enough to bl'o\y the 2,500-ampere battery 
fuses. Because of the decreased available capacity of 
the battery $t high discharge rates, it is not practical to 
operate this type of locomotive <pn ^internal power at 
high adhesion, and high speed for any great length of 
time. However, the extreme load conditions given 
above are possible foi* short periods and must be met 
successfully impractical operation. 

In- case of necessity it is possible to operate these 
locomotives at high adhesion over considerable distances 
by running at reduced .speeds with the motors in series 
or seriesrparallel. * In such cases the current to the 
motors isreduced to one-quarter or one-half of the value 
which Would be required with the motors in parallel for 
the same total tractive effort. As the engine-generator 
set will continue to deliver its full power, all of this 
/reduction in current is taken from the battery discharge 
rate, thus greatly increasing its available capacity. In 
addition to this, the increase in available kilowatt-hour 
capacity of the battery increases the duration-of the 
naovement and to this extent increases the kilowatt-' 
hours delivered by the engine, thus further increasing 
available mileage. For fast and responsible operation of 




thS locomotive it is advantageous to*have the battery 
voltage near the rated voltage offthe tractibn motors. 

O 

A • * 
Internal Power Plant of the New York Central 


o 




Locomotive 


As a result of the initial" tests 'and the weight and 
speed considerations just outlined, "a design" for the 
New York Central locomotive was adopted to meet the 
following specifications: 

*• • ■ ’ ^ . » ' ** * 
Fatfcery short time current rating—2 min. — 3 J 00 O amperes * « 

Engine hp.—300 * 

Assumed time enpdne running-«-85 per cent .*» „ 

Maximum ^rtfount battery may be discharged In ^-hf-. period (125 per cent „ ’ 
, of capacity at 8-hr. rate): 

812 ampere-hr. in 24 hr. * * 

^271 ampere-hr. per 8-hr. shift * 

114 lcvvrhr. per 8-hr. shlfifc (average discharge volts 420) ° “ 

See Tabled also * ■?> - m tl ■ m 

r. ** f» 

Effect upon the battery discharge of the percentage 
of time the engine operates 4s shown in Fig’. 1. These 

r ■ , " ' , 
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LOCOMOTIVE CHARACTER 1ST ICS 

Motors- 4 In aeries - Full Held (FS-l)-600 V. 
Motors 4 In series-Full Field- Battery & Gen- 
Motors 2 |p series, 2 in por'I.- F F.- 600 V. 
Motors'2 In series, 2 in por’I.- F.F.-Bnt.a'Gen. 
Motors 4 in parollel-Full Field-600 V. 

Motors 4 in porallel-FulI Field-Battery &Gea 



8 ^'. 8 
Tractive Effort- Lb. 

Fig. 2. Operating characteristics of New York 
Central three-power locomotive 


curves are plotted from data taken during the tests on 
the initial New York Central locomotive. For the 300- 
hp. curve a number of points was obtained between 45- 
andt75-per cent operation, the curve being extended 
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tions. The 200-hp. engine curve Is based largely upon 
assumptions since only one point (93 per cent) was 
available from the test data, this test being made by 


m 

a 



'setting the fuel finger of the oil engine governor to lifiiit 
’ the engine output to 2G0 hp^, • 

.With a 300-hp. engine running 85 per cent of the time r 
f* the battery discharge will be equivalent to approxi¬ 
mately 15 per cent of the power delivered to the traction 
,<s motors; therefore the maximum average work which the r 
locomotive can dc/jper eight-hopr shift when operating 
three shifts per day c on internal power is 114/0.15, = ,760 
kw-hr. Using Fig. 1 and interpolating for the 250-hp-. 
engine, it may be shown that a 250-hp. engine might 
, n have been used successfully with the 301-kw-hr. battery 
' to meet the requirements of 500 kw-hr. per shift. How- 
- ever* it was thought advisable t6 ^llow somejnargin for 
„ ^contingencies; hence a combination of a 300-h|>. engine, 
with a'301-kw-hr. battery finally was chosen because of' 
the greater margin,of capacitor per shift as well as the 
ability fo use an oil engine whjich ha$ been thoroughly 
proved in raftway service. Characteristics of this loco¬ 
motive on birth external ajid internal power are shown 
.in Fig. 2.* * e r \ - n r "* •. 

‘The oil engine' finally ^chosen for both the New York 
Central and Lackawanna locomotives is the Ingersoll- 
Rand 300-hp. vertical, six-cylinder, 'four-stroke-cycle, ’ 
trunk-piston* single-acting type with dSrect fuel injsd-, 
r tion. Jhe engine is controlled by a constant-speed 
governor which regulates between 550 r.p.m., full load, 

" «nd 575 r.p,fh,, no load. The engine is direct-connectecf 
through a flexible coupling to a six-pole, self-excited, 
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Fig. 3. Battery and generator characteristics of 
* Lackawanna three-power locomotive 


co ^P°nnd-wound, 200-kw. generator of the single¬ 
bearing type, with multiple self-ventilation. 

Selection of Generator Characteristic 
In Fig. 3 are shown the generator characteristic^* ahd 


istics of the internal power plant of the Lackawanna 
locomotive. These characteristics are representative of 


• ( ' * r • 
general three-fcower locomotive practise. When the 

battery is fully ch^-ged, pay rate of charge however- 

small will produce gashing; if the charging rate be high 

* enough,^gassing* will occur with the battery in any-state 

of chafigq, although the rate may bfe reduced during the 

latter part of change to r a value which, unless abnormally 

sustained or occurring too frequently, will produce so 

small an amount of gassing as to be practically harmless. 

This value is called the finishing rate and is point B in 

Fig. 3, The charging rate at the end of the charge 

should be confined between the finishing rate and one- 

n half of the finishing rate. Consequently, line AB 

represents the volt-ampere charge characteristic of the 

battery at finish of^charge condition. The ability of 

fchebattery to absorb high charging rates'at the start of 

charge is indicated by point D; this is the maximum 

charging rate recommended whence, line CD is the volt- 

ampere charge characteristic at start of charge. Line 

DB represents the theoretical generator characteristic 

which would charge the batteryoin the niinimum time, 

ahd AC that which would producer constant current 

charge at one-half the finishing rate; therefore, the area 

ABDC includes all values of current and voltage that 

may Tie used to charge this battery under permissible 

conditions, and the generator' characteristic should 

intersect lines AB and CD and lie between lines BD 

and AC . Thegenerator characteristic also is restricted 

by the 200-kw. output curve of the engine-generator set. 

To allow delivery of approximately full engine load over 

the whole range of battery discharge, the generator 

characteristic should pass near point G and lie close to 

the 200-kw. curve at voltages below G. ' r 

The higher generator curve in Fig. 3 meets these 
requirements and is suitable for giving the battery an 
equalizing charge," but is too high to permit the engine 
to run a sufficient percentage of the time to keep battery 
discharge within the dailyTmit of 125 per cent of rated 
capacity without overcharging, * ^ Therefore, the lower 
curve is used for normal charging and the higher charac¬ 
teristic for periodic equalizing charges. \ e 

When using the normal characteristic, the-charging 
rate at the end of charge is less" than one-half the finish¬ 
ing rate, but with a properly shaped characteristic and 
the engine running almost continuously, the battery 
will be maintained between equalizing charges in a 
satisfactory state somewhat below fu]l charge. "Use of 
the low generator curve for normal charging has the 
further advantage of allowing a margin for variation of 
characteristic between inspections) without the risk of 
overcharging the battery seriously; which might happen 
if the engine speed increased and the equalizing charac¬ 
teristic were being used in daily operation. 

Control is arranged so that’wheneyer the locomotive 
is operating on internal power and the traction motors 
are connected to the battery generator bus, the genera¬ 
tor is transferred to the higher characteristic automati¬ 
cally., This is permissible^ unless the 

battery is in a veiy low stat6 of charge, the traction 
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motor* load is sufficient to hq^tfie gejkeratbr voltage 
below the point jvhere # Jhigh dicing rates will occur. 
This arrangement permits tHe use'of a more drooping 
curve without dropping the’tractfen powfer character-, 
istic below point G. /ftie necessity for a drooping»curve 
nfay be appreciated Setter when to is Considered.that the 
battery is-intended to deliver only 42 per cent of its 



Fig. 4. Lackawanna three-power locomotive haul¬ 
ing a train on internal power # 

Over-all dimensions of tocomotive 

Length inside knuckles—48 ft. 0 in. 

•Total wheelbase—34 ft. 1 in. 

Height over-all (pantograph locked down)—ft. 2 ini 
Width over-all—9 ft 11 in. 

Maximum curvature—30 deg. 

Truck centers—25Jt. 10 in. 


pantograph are in contact withThe third-i^il or Jolley-' 

: - * * * . 

• The engine is started by motoring the generator from 
* the battery through the starting resistance, the maxi¬ 
mum field for starting being secured by short circuiting 
the generator shunf-field resistance. A reverse-current <** 
relay connects the generator to the. battery wheft the 
proper generator voltage has built u$; likewise it dis¬ 
connects the generator should the generator voltage 
dPop below that of the battery. To give the battery its 
weekly gashing charge the equalizing charge switch is 
closed, short circuiting a section of the generator shunt- *'« 
field resistance. •. ' * . 

( Fuel oil is delivered to the engine through an elec- * 
trickily operated valve, which, should low lubricating oil " 
pressure or overspeed.occur, is closed automatically b$r 
means of an^eil prassur| switch or speed limit* switch, 
respectively. The same- rheostat values^are used gn * 
both internal and external power on the -New York * 
Central locomotive. Control of the battery-generator 
combination is practically the same on both locomotives. 

On the Lackawanna locomotive, however, because o£ 
the great difference between internal and external power 
ybitages, a set of contactors is employed ±o rearrange 
the resistor steps to secure proper operation on internal " 
power. • * , 

. * m rn rn 

Auxiliaries 


1 • 9 

capacity per eight-hour shift, whereas a generator 
characteristic lying along the line BD would give the 
battery a complete charge in four hours if applied con¬ 
tinuously from full discharge and neglecting the small 

auxiliary load. • 

• • • _ 

* • 

Control of TgE Internal Power Plant 

• 

Both the New* York Central afid Lackawanna loco¬ 
motives have a three-speed control on internal power. 
The series or lowest speed connection develops maxi¬ 
mum tractive effort With minimum current from the 
battery generator unit, allowing most slow switching 
movements to be made almost entirely on the engine- 
generator set withpUt using battery current. 

On both locomotives transfer from external to inter¬ 
nal power is controlled by a potential ^relay and is 
automatic upon loss of external power, Although the 
automatic feature is selective on the New York Central 
locomotive because of power interruption on third rail 
gaps when transfer to internal power is not desired. 
Transfer from internal to external power is accomplished 
by turning the controller handle to the “off” position 
and then notching out, which is necessary because of 
going from a lower to a higher voltage power source. 
Indicating lights show whether operation is from inter- * 
ual or external power and whether collector shoes or 


Auxiliaries^ oh the New York- -Central locomotive 
.operate automatically from the third rail when avail¬ 
able, but on the Lackawanna locomotive these run at* , • 
all times on internal powers as this scheme is simpler 
and less expensive than furnishing auxiliaries for 3,000- 
volt operation. * 

Operating cabs are heated by hot water from the oil¬ 
engine cooling system. When working on external 
power, electric immersion heaters operating from the 
third-rail or overhead trolley are used to heat the cool¬ 
ing system water for Cab heating as well as to prevent 

freezing. . 

- * 

* • 

Conclusion* v 

The thr§e-power locomotive has a field of its own and * 
is not intended to supplant the straight oil- or gas-elec¬ 
tric unit generally. The work of the locomotive when 
operating on internal powgr must be sufficiently inter¬ 
mittent to allow the battery to be maintained in a satis¬ 
factory state of charge. Heavy switching and shprt 
heavy transfer work on internal power or a combina¬ 
tion of both, together with external power operation, 
offer conditions for which this type of locomotive is best 
suited. With its internal power feature, this locomotive 
appmehes a universal locomotive for road freight, 
transfer, and switching service on sections of track 
which, for economic or practical reasons, could not be 
electrified completely. 
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Sizes and Ratings 

•.* *• * • * 
■ • * » 

<r f - ■ * ■ 

" r- * * 

• Marked economies may be secured by * 
standardizing industrial products to elimi- / 
nate all unnecessary sizes and ratings. 

.*• Based upon a system of “preferred niim- * 
sbers/* sejectjon of desirable sizes cm ay be 
made witfi reasonable accuracy through 
the. use of algebra and geometry supple- * 

men ted by judgment and r c®mmon sense. 

h •'•**'* c 

* " ' • ' • 4 ■ 

r ‘ By , . , _ 

- r R. E. HELLMUND Westinghouse Elec. & Mfg. 
r Fello^ a.I.E.EJ, 0°-. East Pittsburgh, Pa. 

:; r ■ ■ 

r ONSUMERS and producers of indus¬ 

trial products both are vitally interested in the most^ 
economical*method of standardizing the sizes and 
ratings of such products. The consumers are interested 
*■ because they bear every item of cost entering in£o both 
the manufacture and the use of an article; thejproducer be¬ 
cause he will not be successful unless he can meet the* 
;■ , requirements of the consumer in the most economical 
manner. In other words, the interests of the two in this 
.-respect are identical. If further it is realized that all 

* of us are consumers of industrial prochicts, and that the 

large majority of us are involved also in one way or 
another in production, it is evident that the subject is of 
very general interest and that an early and economically 
correct standardization of any type of product will prove 
of advantage to everybody. •••: 

1 However, in spite of the common interests of con¬ 
sumer and producer* and the fact that most of us are 
both of these, a solution of this matter frequently is 
delayed because, there are differences of opinion regard- 
ing the best choice of sizes or ratings. Such differences 
usually are due to the inclination on the part of most 
individuals to overemphasize those points which in 
the absence of proper methods of analysis happen to 
come closest to their attention. For instance, the con¬ 
sumer who is in need of a certain size of article usually 
hesitates to buy a standard article which is available 
he requires, because he feels that in so 
doing he spends more money than is necessary to meet 
" his requirements. He therefore insists upon the size 
he needs and thus creates a demand for a large number 
of sizes. On the other hand, the producer who is put 
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to greuf expense for ^tqpls, stock-keeping, etc., when 
there are too 'many, standard t sizes,,'frequently will 
overemphasize the hhportance of standardizing on as 
Jew si’zes'as T?ossiblo. AlFthis results in uncertainty 
and*confusion when sizes are selected. Further diffi¬ 
culties afise from f Che ^act that at first, each manufac¬ 
turer usually establishes sizes and ratings more or less 
independently of s other manufacturers of the same 
articles. .r ' 

Later on, but generally not until a conglomeration of 
sizes has been established, standardization is attempted 
by those interested. Such efforts are then of course 
•greatly handicapped by the clashing of individual 
interests, a condition which is unavoidable because of 
the investments m£de by the various manufacturers 
for tools and stocks. Even if a compromise is reached 
after considerable-effort, it is usually at great expense 
to spme or all of those concerned; and because it is 
agreed upon without due consideration of tjie best 
economic results continued waste may be involved in 
the compromise. ’ 

For the purpose of improving *the situation just 
described, a system of “preferred numbers” has-Tbeen 
proposed during receqt years. Unfortunately so far 
little use has been made of it, partly perhaps because it < 
has not been sufficiently promulgated, but probably 
more because industry and the engineering profession 
have not yet'become thoroughly aroused to the fact 
that this problem of properly establishing sizes and 
ratings is deserving of most serious-consideration. As 
their designation indicates, these preferred numbers, 
are certain numbers to be used in preference to any 
others in selecting standard sizes and ratings. They 
are arranged in so-called 5/10, 20 and 40 series, each 
providing uniform steps between its numbers of 60, 25, 
12, and 6 per cent, respectively. Naturally the general 
adoption of these numbers would be a great step 
forward, but even after their adoption there still re¬ 
mains the question as to which-of the standard per¬ 
centage steps is the most economical in ^any* given case. 

All this indicates ascertain helplessness on the part of 
industry and the engineering profession in this matter of 
establishing sizes and ratings, and it most certainly 
emphasizes the desirability and* necessity for a more 
analytical- and. rational manner of attack upoh this 
important problem. It is the purpose of this article to 
deal with the fundamentals entering into the problem, 
and to show that a reasonably cqrreet analysis is pos¬ 
sible nearly always through the use of thef simplest 
methods of algebra and geometry supplemented by 
good judgment and common sense. 

Aggregate Size Manufactuered 

The activity, or number of pieces required, of the 
various sizes of an article may be influenced by many 
factors, but usually it may be assumed to be fairly 
'uniform, at least over a detain limited range. With 
this as a basis let us refer to Fig. 1 in which the hori- 
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SIZES MANUFACTURFn 


zontaL scale indicates th*e siz§s nefede<j v Let rt'lje as- 
spied that oyer.the range*A5 tliere are requirements 
fbr the sizes 1 to 7 as indicated. * ffrthere are no\imita- 
tions imposed by tool cosfs, coat of* stock-keeping, 
manufacturing set-ups, etc., upon the number*qf sizes 
which can be manufactured economically, th§re is no 
reason for not building the seven sizdS just as .they are 
needed. The sizes actually manufactured can then be 
represented bythp straight line CD drawn at an angle of 
45 deg. if the vertical scgle indicates the* sizes actually 
built. Practical cases of this kind are rare, but “never- 

# theless they do exist. In most cases, however, because 

* of the expense involved for development, tools, setting¬ 
up costs for tools, stock-keeping, and other similar 
factors, we find it necessary to Mmit «ourselves to a 
reasonable number of definite standard sizes. The* 
range AB shown in Fig. 1 might be covered, for instance, 
by three sizes, each of which might be assumed to be a 
certain percentage larger than the previous size. 

In such a case the sizes actually built may be repre¬ 
sented by the “step’'* curve abedefg. It is evident 
at once that the aggregate size manufactured is in excess 
of thpneeded and that’snch excess is represented by the 
shaded triangles above the line Cf). For any economic 

• study it will be of valjie to know to what this excess 
amounts for various values of x which represents the 
ratio of the difference between the two sizes to the 
smaller size. This can be determined bjf*a very simple 
calculation from Fig. 2, which reproduces one of the 
steps shown in Fig* 1. It readily is seen that the ratio 
of the excess size manufactured to the aggregate size 
needed is the ratio of the area of the triangle c d e over 
thd area of the trapezoid klec. This is found to be 

S ’ = 2Ti . . (1) 

In Fig: 4 the upper curve parked K x = 1 has been 
derived from this equation apd should prove useful for 
ready reference in economic studies of this kind. At 


* • • 
•»*•**• 

tiroes the activity decreases or increases with^thp size.* 
Such cases earualso be analyzed,*but lor brevity their 
.treatment here is omitted. * 

» ■ • • 

> 

Basic Aggregate Manufacturing Costs * 

• . * , 

In actfial practise we are interested not merely in 

sizes, but usually eveir more so in costs. The latter 
may be studied by reference to Fig? 3, which shows in 
curve FG the relation of manufacturing costs to size for 
the range under consideration, guch a relationship is 
generally available from previous experience in the * 
manufacture of similai; articles or .designs, Consider 
again a range kl as covered by one Standard ‘size and . 
/make an approximation by replacing the range me of 
curve FG by the dotted straight line m; from the 
figure itis evident at bnce, that the ratio of «the excess 
cost of the aggregate side manufactured t© the cost of 
the aggregate size needed' is the ratio of tlig area'of the 
triangle edn to the trapezoid « kl^n. This ratio is 

found to be * • * 

• • * * 

R Ell 

" 2 + X&- Kl) (2) 

Ihe excess cost ratio for different values of K x , 
(defined in Fig. 3) plotted against x as calculated from 
fiq. 2 is shown in Fig. 4. In many practical cases o 
which other factors subsequently discussed “are rather 
simple, suitable values for x can be readily determined 
froni F4g. 4 by using proper judgment, especially wheh 
it is intended, merely to choose between two values of a; 
hs given by the available preferred number series. *, 

• * • 
Consequential Costs a^Depending Upon Size 

• * • 

A number of cost factors will be influenced by the 

fact that the aggregate size manufactured and used is 
larger than needed. First among these are .the packing 
and shipping costs, which will be increased. Fre- 
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Fig. t. Diagram illustrating “ Fig. 2. Excels * of manufactured 

standard sizes * sizes oyer sizes needed 



SIZES NEEDED 


Fig. 3, Excess cost of manufac¬ 
tured sizes over cost of sizes needed 
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, ,Q U ently* the fact that the part, manufactured is larger may ^e ; assuuiedto be proportional to the sum of thtf 

•than necessary also results iff certain other parts of a manufacturing costs ancbthe consequential costs of tin? 


sizes as needed, so Mia! the ordinate le - b will repre¬ 
sent the cost € of th^size le. 

Th^development cost D of sizeje can be evenly dis- 

_^ _ tributed/over all tlse pieces lSf x which are manufacture* i 

sonie-extent ; againTjf a pedestal bearing is hfrger than of that size during the life of'the design. Therefore, thn 
necessary, the bedplate supporting the 'pedestal will development cost jier piece will be 


design or combination beiifg larger than necessary for 
the purpose. For example, if a bolt is larger than 
needed, the stock around this bolt and the cost for 
drilling and tapping also may have to be increased to 


have to be piade "correspondingly larger. Afl these 
factors may be of varying importance even with the 
same type of article,, depending upon the particular 
; application. For this reason an average cost allowance 
will have to be maeje for a given, range under considera- 


C a = 


D 

w. 


&{AB) 
■ Nax 


(4 


If C d in Fig. 5 is entered in the proper scale, tin? 
«shaded rectangular area may be considered as reple¬ 
tion. These consequential costs will enter into some of senting the aggregate development cost for the size h . 
thp fingl calculations for the total cost, and can be taken?\ In addition to th$ development and tool costs so far 
into account- -simply by adding certain values to the considered, there are usually other costs for engineering. 
manufaMuring costs. '•? ^ r r development, and tods, which are independent of the 

j r number of sizes manufactured. Examples of this an* 

r Engineering Development and Tool Costs investigations relating to materials or methods, ami 
, r ; ' similar fundamental developments. Another example 

t JiVhen a line of-articles is developed, there usually are ig certain tool machinery which can and will be used in 
gome portions of the cost for tools and development the manufacture of all sizes. Again? there may be sum** 
which depend upon the number of sizes manufactured; tools'which will have considerable wear and which will 
in other words, the cost of such tools and engineering have*to be replaced repeatedly during the life of tin* 
and development work will be doubled if the number of design, so that their total cost 'will be governed by the 
sizes manufactured is doubled. Assume, then, that in total production rather than by the number of sizes. 
Fig. 5 this part of the development and tool costs is. This also holds true when the production is so great 
represented by the curve GH in su|| a way that the that several &ts of tools are needed regardless of the* 
ordinates at any r one point give the development and number of sizes. The costs of the tools just mentioned 
t<5ol cost for a size corresponding to such points Thus may be eliminated from our considerations, 
the development cost D of the size le would be repre- 

Costs for Manufacturing Set-IJps 1 


<sfented by If. Further, ft may be assumed that the total* 
number of pieces to be manufactured during the life of 
the design over^a given range AB of sizes is N. If this 
activity N is uniformly distributed over AB the total 
number of piecesbver the range ax will be 

N r 

N. = 


AB 


ax 


(3) 


The manufacturing costs calculated under the head¬ 
ing “Basic Aggregate Manufacturing Costs” were? 
assumed to be the basic costs and did not include any 
expense for the setting up of tools prior to actual 
manufacture. In practise it is usually necessary in 
changing from the manufacture of one size to another 


l 1* . , ' • • . wo --v* vUy S31/J1Z tw auvum 

According to previous consideration, the dotted line to change certain tools and make different rot-ups which 
^ ? frequently involve appreciable expense. It is customary 

to manufacture at one tinje a^number of pieces equiva¬ 
lent to the average consumption for a number of weeka 
or months. If such consumption F or activity is N, for the 
range of sizes AB, we find that the activity oVer the 
range ax for the same period of time is 

N ‘ 

AB ax . ' (S) 

ft 

■If the total of set-up costs involved whep/changing 
from one size to another is S we. find the set-up costs 
per piece to be ^ 

„ : S S . AB 

' ~ " T , (6/ 
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Curves showing excess cost of menu- 
sizes over basic cost ©f sizes needed 
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The previous calculations regarding set-up costs are 
,mde-unto the assumption that there is reasonably 
great activity for each size hud that such sizes are manu¬ 
factured for stock. There afe certain eases of large 

* • .* • 

- ♦Ei^ctkioal Engineering 





machinery, however, where pra$tieally*ievery machine 
js manufactured *as the order is*rpceived; thus a set?up 
cost is incurred for every order. Tf the set-up eost is • 
independent of the size, it can b£ eliminated, entirely* 
from our calculations, bijt if it is dependent upon the 
si^e, it may be considered, merely as jpart of tke manu- * 
facturing cost and treated .as such, as outlined under the 
heading “Basic Aggregate Manufacturing Costs/’ At 
times there may be cases between the two extremes 
just discussed which will* necessitate calculation! repre¬ 
senting a combination of thos.e outlined. • •* 

Cost of Stock Keeping 


tuning purposes, as sparer or as spare, parts for appara¬ 
tus and machinery Operated in the user’s^plant. One 
of the principal differences P to the user from |he ce^ts 
immediately above may be a rather appreciable cqst of 
spares because (on account of the importance of con¬ 
tinuous operation) he may find it necessary to keep .a - 
complete spaj*e machine in stock fo?. each size when he 
has only one or two maphines of eacli size in operation. 


If the articles manufaTctured are marketed through a 
great number of small dealers, the total stock they carry 
and the expense incurred will be greatly influenced* by 
the number of sizes. Assume that the average dealer 
feels that he has to have one or two pieces of each size> 
and pqpsibly certain part stock for each size on hand 
at all times. He then incurs costs for invested capital, 
.storage space, etc., propprtional to the number of sizes 
carried. Similar costs may be incurred also because 
some of the stock will become obsolete before it can be 
disposed of, necessitating scrapping or selling at a loss. 
For calculations here it may be assumed that.all of these 
cosik incurred per size are represented by*/*. Assuming 
further that the activity over the range AB for the life 
of a given design is N f the activity over the range ax 
will be • “ 

• - AT/*' 

Njx — ab ax (7) 

This means in turn that the stock-keeping cost to him 
for each piece is . 
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Fig. 5. Diagram 
jflestrating cost of 
development, and 
similar costs 
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As in previous cases, we can write the following equation 


= 


U AB 
N u ax 


Of = 


ab: 


• • 

If the manufacturer keeps only small stocks and the 
•size of his stock’is affected by the number of sizes, the 
same as..just discussed for the dealer, the calculations 
are of course exactly the same. Similarly, the manu¬ 
facturer’s stock in district warehouses may be dependent 
upon the number of sizes. . 

# lit the case of a manufacturer dealing with large 
Quantities, the total stock kept may be practically inde¬ 
pendent of the number of sizes manufactured. If such 
is the case, the cost for this stock-keeping may be 
eliminated from the considerations. This applies also 
to part stock which is common to all or to several sizes. 


of Spares and Stock in the "User’s Plant 


the user or purchaser of an article finds it 
necessary to keep*a limited stock of each size, the con¬ 
siderations and calculations again are the same as, 
immediately above. The same general principles apply* 
regardless of whether tins stock is kept for manufac- 
'V" 9 -': ' . 
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in which C u is the cost to th&user for his stock of spare 
material, N u is the activity of the range AB, and N ux 
the activity over the range ax. \ 

Certain spare parts common to all or several sizes 
again may be neglected in this calculation. „ 

Cost of Clerical and Routine Activities 

* * 

In the manufacture and marketing of most articles 
there are a great many clerical and routine activities. 
When an article is first marketed? certain publications 
aryl price lists have to be issued. Any part of such ex¬ 
pense which is dependent upon the number of sizes may 
be readily treated as part of the development cost. 
Certain routine in the works organization, such as the 
entering of orders, might-,be, considered as part of the 
set-up cost, while other clerical activities in connection 
with stock-keeping of course may be combined with«the 
cost of stock-keeping. Then again there may be other 
routine activities of a different nature which cannot be 
made a part of any of the costs previously treated, but 
Which in nearly all cases may be taken care of fn a very 
simSar manner and by formulas corresponding to those 
given. Any such clerical or routine activities which are 
independent of the number of sizes may be omitted 
from considerations. 
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- As indicated previously interest is focused chiefly on 
r those* costs which are dependent upon the number of 
. sizes * # Some of these as indicated by pq. 2 increase with 
decreasing number of sizes. . While this equation was 
derived for the basrSmanufactuyng costs,.it is equally 
correct if the cost Qurve FG in Fig. 3 is assumed .to 
include the cdSts discussed under the heading “Con¬ 
sequential Costs as Depending on Size” as well-as 
^certain costs indicated in the last paragraph under 
r "“Costs for Manufacturing Set-Ups.” Most of the other 
r costs 'discussed- fieftease with flegreasing ngnnber of 
„ sizes. 

Tt is now merely a question of carrying through the 
development of a forpiulh givmgethe sum of all costs and 
finding the ratio R of the total cost ^Tthcr basicfmanu- 
faqtunng cost<~C n incurred if each size were manufac¬ 
tured as needed. The yalue found for R is 


• 

creased if it completely filljs a given spacer For example, 
often it^nay be desirqjf to use as large aTritkhen range as- 
• possible withip the s^ace- available. In view ofithis it is 
Obvious that a line of ranges inclusive of many sizes will 
.. have g^ha^er genera^utility than a similar line compose^ 
of fewer Sizes. Assume that in a case of this kind t|*e 
cost curve of Fig. 6 applies, giving a minimum first cost 
for x =0.4. It is evident at once that on account of the 
utility feature, the 40 series of preferred numbers, 
giving 25 per cent steps and corresponding to x — 0.25, 
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C = the cost previously defined in" connection with 
* ^ 3Jid 4> but including where necessary an 

allowance for costs as discussed in the last para¬ 
graph under “Costs for Manufacturing Set-Ups.” 

We thus have a fairly simple and complete formula 
from which it js possible to calculate the total first cost 
for various values of r r assuming, of course, that there 
are at least approximate basic data available from which 
Ki and K 3 can be determined. A typical curve calcu¬ 
lated fromthese formulas is given in Fig. 6. From it can 
be ^determined the relation of excess costs over basic 
manufacturing costs for different steps between sizes. 

: P’TILITy^ SERVICEABILITY 1 , AND PERFORMANCE 

Consideration of utility, serviceability, and perform¬ 
ance has been left for discussion until now not so much 
bepause it is of less importance than the previous items, 
but because in many cases these three items cannot be 
made the subject of exact calculation. Their influence 
often has to be determined by judgment with 
the aid Of such curves as shown in Fig. 6, This will be 
shown in a number of examples. 

Frequently the utfiity of an article is greatly in- 


Fig. 6. An example illustrating ratio of total cost 
to basic cost as related to size of step used 
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should be chosen in preference to the 5 series with 60 
per cent steps and a;=0.6. Even the 20 series, with 
«=0.12 and an increased first cost of 6 per cent, might 
be considered. Omthe other hand, it is more or less evi¬ 
dent that since the 40 series would increase the first cost 
as much as 20 per cent, probably the choice nf ft would 
make the manufacturer covering such a large number of 
sizes non-competitive. • , - 

In the case of machinery the question-of’efficiency or 
other factors of performance have to be considered. 

then may necessitate an dhgineering study»of such 
factors, and as a result of such ^tudy, it may: be con¬ 
cluded that the steps considerably smaller than indi¬ 
cated by the curve shown in Fig. 6 should be chosen v 
In previous examples the utility and performance Con-' 
siderations tend toward the use of more steps than indi¬ 
cated by the cost curves. An example of tlm opposite 
kind would be where the wear and tear of apparatus is of 
great importance. If but few steps are available, the 
installed apparatus in many cases vp be used below its 
full rating, which will frequently reduce the average 
wear. In a case of this kind the use of the 5 series might, 
be resorted to with the cost conditions of Fig. 6, indi¬ 
cating for the 5 series an increased first cost of only 1 
per cent over the minimum. ’ > 

• °ther instances where t£e utility favors the use of 
larger steps are those of m^inery where there is a 
livelihood of the load ihcreasing as time goes bn. K in 
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siich cases few* steps are usejd and if*asa consequence 
..many of the applicatiens ar§ underloaded to begin.with, 
the necessity for installing new ’and larger machines will* 
be minimized. Another factor which* is' frequently of 
importance with regard to the utility of an aftiffle is its 
interchangeability with #other *similar articles. The* 
possibilities for Such interchangeability are* better of 
course with fewer sizes, and therefore with cost condi- 
tions as indicated in Pig. 6, this consideration might 
lead to the choice of the 5 series in preference to the 10 
series. • V 

► Even when several of the previous factors have to be 
taken into account, the proper ehoice of x us ua lly does 
not present great difficulties after curves as given in 
Fig .£ are available. * . * • . ** 

•• • 

Miscellaneous Factors 

• • 

A nuffiber of miscellaneous factors may enter into the 
picture. As&ume, for instance, that a new type of 
apparatus is beingi developed and that there are uncer¬ 
tainties regarding the design and various co mm ercial 
factors, all of which may bring about changes in the 
design sooner than contemplated. If in such % case . 
Fig. 6 indicates the cdst condition, it would seem to be 
good judgment to start with the 5 series, with plans for 
filling in later on to obtain the 10 series jafter experience * 
has been acquired. 

In actual practise, too few sizes may entail extra 
dspenses which cannot be included readily in the cost 
calculations as previously given.If, for example, . 
shafts of various sizes are machined from the round 
stock* the cost of machining many of the shaft sizes 
will be increased if the number of stock sizes of the raw 
material is decreased. If Fig. 6 is assumed to apply to a 
cost study of this kind and £he extra cost of machining 
has not been included in-the calculation, it at once is 
evident that the 20 series isdikely to be the best choice. 

Of course the manufacturer cannot ignore completely 
his own commercial*situation; fou example, it is evident 
that a manufacturer haying a greater number of sizes 
available, is likely to secured larger proportion of busi¬ 
ness than one having fewer sizes. This in itself might be 
a deciding factor in favor of choosing the 20 series in 
preference to the 5 or 10 series in a case covered by the 
’curveof Fig. 6. 


c&ted by the examples* given, to choose t>n<* of the 
standard series to' good .advantage. Tliere may be 
exceptional cases where for some reason or other this is 
not advisable, or possible. Thus it may happen that the 
most economical conditions can be obtained with steps 
much larger than, the 60.per cent steps of the 5 series? * 
For such a case, 100 per cent ste^can be readily ob¬ 
tained by using every third step of the 10 series; or 150 
•per cent steps will result from the use ©f every second 
step of the 5 series. In fact, nearly every condition 
.encountered in practise can be "taken care of by using, 
some combination of figures chosen from the preferred-* 
number series. * • 

In the space here available it has been impossible to . 
treat all the conditions which may Be enco un tered in 
the great variety of industrial‘products; eaph case will 
be somewhat diffident and therefore various*methods of 
attack will have to be used, The principal purposg of * 
this brief outline is to stipulate^ interest* in this im¬ 
portant subject of standardizing siles add ratings. The 
fundamentals discussed are intended merely to assist in 
a more rational solution of the problems. If they are 
judiciously applied, together with an increased adoption 
'of preferred numbers, marked economies to both the 
consumer and the producer of industrial products un- # 
doubtedly will result. 


Preferred Numbers 

In the toregoing, repeated reference has been made to 
preferred numbers.” and it has been taken for granted 
in the examples cited that in every case one of the 
• standard series should be chosen. While such curves 
as shown in Fig. 13 may indicate a minimum for values 
of x, which are different from those corresponding to 
one’ of the preferred series, it fortunately is true that 
near the minimum these curves are rather flat. This 
means that after considering some of the utility features 
or similar factors, it nearly always is possible, as indi- 
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Cooperative Instruction 

» 4 

in Engineering Schools 

• • 

Although the cooperative method 
of instruction is assured *a permanent place in engineer¬ 
ing education, cooperative courses in general still are 
considered to be in an experimental state of develop¬ 
ment, ; In a current A.I.E.E. paper (see footnote) by 
D. C. Jackson, Jr. (F’30) of the University of Kansas,* 
some well known factors controlling the establishment 
of this plan of education are reviewed as are some of the 
general, methods of appjying it to various types of 
institutions. 

While the author states that “no exact conclusions 
can be drawn concerning the general principles govern¬ 
ing the installation of the cooperative mdthod,” he 
expresses the belief that it is not universally applicable 
to engineering schools and polytechnic institutes; nor is 
there any one best method of using it . 

Abstracted from ‘‘Application of the Cooperative Method of Instruction to 
Engineering Schools and Polytechnic Institutes’’ (No. 31-113) by D. O. 
Jackson, Jr., presented at the A.I.E.E. summer convention, Asheville. 
N. O., June 22-26,1931. 
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During the past few*years important changes effected itf power station and system 
design have reduced operating expenses materially. At present^ however, station 
designers are‘giving more attention to the reducing of investment costs.. This 
^eduction of plant investment quite naturally affects the plant auxiliaries as well as 
other station equipment. Many large stations built recently have practically all 
of the essential as well as the, non -essential auxiliaries driven by electricity; but 
in other recent stations steam driven auxiliaries havejbeen used quite extensively. 
In the light of* present conditions and^past operating experience/ therefore, the 
A.I.E.E. power generation committee felt that a review of the characteristics an^jl 
jrterits 'of both steam and electric drives would be in order. Accordingly, this 
committee ha? sponsored three .paper? to be presented at the lnstitute*s r forthcomin§ 
winter convention, and upon these papejs the following three* articles are based. 


I—Importance of 

*; r 

Reliable Auxiliaries 


r- 


By 

F. H. HOLUSTER 

Member A.I.E.E. 


Sargent & Lundy, 
Inc., Chicago, Ill. 


A 


o 


WELL DESERVED reputation for 
continuity of service is enjoyed by the electric service 
industry as a whole. The public has become accus¬ 
tomed to receiving continuous service; furthermore, 
th§ large investments of the flower station companies 
add of thpir industrial customers demand an uninter¬ 
rupted supply of energy. One of the most important 
^factors vitally affecting continuity of power service ns 
the reliability of generating station auxiliary equipment. 
Reliability therefore well deserves all the careful atten¬ 
tion: that has been devoted to it in these articles. 

The valuation of variable speed auxiliaries makes an 
interesting study in the application of auxiliary drive. 
In fhe past, station designers have used variable speed 
drives for*fans, pulverizer mills, boiler feed pumps, and 
Circulating pumps quite extensively. However, recent 
developments in the manufacture of auxiliary equip¬ 
ment and station design have made variable speeds Jess 
necessary, the one exception to this trend being boiler 

Based upon “Auxiliary Drive for Steam Power Stations" (No. 32-46) to 
be presented at the A.I.E.E. winter convention, New York, Jail. 25-29 
1932. ' 
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feed pumps for high pressure boilers. The article on 
' steam driven auxiliaries (Dryer) brings out very clearly 
the advantages of the steam turbine as a simple and 
efficient means for obtaining variable speed drive. 

Another important point brought out in these articles 
. is that the type of drive best suited to essential auxilia¬ 
ries such as fans, boiler feed pumps, and* circulating 
pumps, is related closely to, and dependent upop, the 
general design of the station. Station design in turn is 
influenced by the relation of the station to the balance 
of the power, system with respect to interconnections, 
size, and location. For instance, a power station that 
forms the chief source of supply for an area, and that 
does not have reliable interconnections with other 
power systems, quite apparently warrants more reserve 
equipment and mflst have a greater number of steam 
driven auxiliaries for starting Up purposes than a"station 
forming a part of an interconnected system. Further¬ 
more, a new power station forming a part of a* large 
interconnected group may be designed and built to oper¬ 
ate at a better load factor than a comparatively isolated' 
station thereby reducing the need for variable speed 
auxiliary drives, ’ 

Selection of *an auxiliary drive is affected also by the 
kind of fuel and fuel burning equipment used, as well as 
by station space limitations. Gas-rand oil-fired boilers 
as well as those burning pulverized fuel are somewhat 
more flexible than stoker fired boilers and therefore can * 
be taken out of service more readily* with chang es in 
load. This favors the use of Constant speed electric 
drive. . On the other hand, where the bin syStenf of 
pulverized fuel supply is used, exhaust: steaah usually 
is Required to dry out the coal* thus justifying the use of 
some steam driven auxiliaries. In addition, if gro und 
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and building • costs are # high*and variable speed is 
.-.required, the use of steam driveh^auxiliaries may result 
in an appreciable saving. , • * . V • 

It is interesting to note that the totlil auxiliary power 
jased by a modern.station is a relatively smalPpart of 
tjie gross generated power, being approximately from* 
4.5 to 6 per cent; hence a radical saving in auxiliary 
power cannot be expected from •any type of drive. 
Likewise, the investment cost in auxiliary power in¬ 
cluding drive and control equipments* is a relatively 
small part of the total station cost, being in the case 
cited for electric drive (Smith) approximately 7 per cent 
of the total station cost. Apparently station designers 
are more or less free to use either type of drive without, 
seriously affecting either the cost or fhe efficiency o£ £ 
power station as*a whole. Electric drive is favored for 
essential auxiliaries from*the standpoint of convenience 
and cleanliness in operation, and also because* it is 
more Readily adapted to automatic and remote control, 
particularly'in the boiler room. 

As regards maintenance costs, a comparison between 
steam and electric drive-would be of interest; however, 
representative figures‘are difficult to obtain,’chiefly 
because sufficient time has not elapsed since tlfe more, 
modern stations werd placed in operation. In addition, 
during the last few years the advancement in station 
design has been so rapid that it is difficult to find sta¬ 
tions of sufficient similarity to make a fair comparison. 

In passing to the other two articles of the group it 
"may be said that the treatment is inherently one of 
generalities because of the many factors that may enter. 
Vito the selection of an auxiliary drive. Discussion of 
the subject matter, however, should be of interest in 
bringing out points for consideration when determining 
the type of drive best suited for any specific application. 


II—Steam Driven 
.Plant Auxiliaries 


•By’ . 

W. POOLE DRYER Stone & Webster 

Associate A.I.E.E. .'Bngg. Corp. Boston 


RELIABILITY may be set down as the 
most outstanding requirement of electric power station 
auxiliaries since^ among other things, an uninterrupted 
supply of power depends upon the ability of the essential 
auxiliaries to function continuously. Thus any arrange- 
- — /• ' —^—_L sll--— 

Based, upon “Steam Driven Auxiliaries for Bower Plants” (No. 32-3) 
presented at the A.X.E.E. winter convention. New York, Jan, 25-29,1932. 
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i»ents made for guaranteeing the pperation of these ‘ . 
auxiliaries should be appropriate to the degree of service 
reliability expected from ‘the station. These arrange¬ 
ments for station auxiliaries involve the furnishing of a J * 
reliable supply of energy as well as turbines, motors, and 
accessory* equipment which are free from physical* 
defects and^ which posse’ss. suitable operating Charac¬ 
teristics. Considerations secondary to this first re- 
. quirement of reliability are simplicity, initial cost, .* 
Ingintenance expense, and economy of power. 

• For greatest reliability, essential auxiliary driving 
units must be supplied with energy free from distur ¬ 
bances which would interrupt their operation. -To the. 
extent that the source of supply "is ^exposed to those 
disturbances, arrangements must be made'to limit the * 
effect of any single di§turt>anoe to as few auxiliaries as 
possible, and to<p£ovide a duplicate source trftmediately 
available should* the primary source fa#. Minor dis- • 
turbances such as slight reductions in steam pressure or 
voltage are to be expected‘and pfiovisien against them - 
should be included, in the design of the'drives. ^The 
question which naturally arises then is “to what extent 
is the provision of a duplicate source of supply advisable 
•when the essential auxiliaries are steam driven; and to. 
what extent when motor driven?” , * * 

* 

Reliability of Auxiliary Steam Power ’#••• 

Disturbances threatening interruption of the auxiliary . 
service may originate either witfiin or without the sta- 
tion. In properly designed ajid operated stations with 
turbine driven auxiliaries, no external circumstances * 
can disturb the characteristics of the steam supply to* * 
an extent which will prevent the auxiliaries from always 
having available sufficient driving, power of suitable 
characteristics. If not anticipated* and arranged for, 
one circumstance which could interfere with the ability 
of the steam power to sustain the proper operation of 
auxiliaries would be the sudden imposition of an abnor¬ 
mally large electrical load on the station. By overt ax - ' 
ing the evaporating ability of the boilers, the pressure 
in the steam system might be lowered to the point at 
which some essential auxiliaries would “lie down." 

The station then would fail to deliver not only its addi¬ 
tional load requirements but also its original load. 

With this contingency recognized in the modem station, 
and provided for by holding banked boilers in reserve, 
by accepting load at a rate appropriate to the steaming 
ability of the boilers, the operation of steam driven 
auxiliary equipment remains immune to external 
disturbances. • . 

Troubles originating within the station and affecting 
the steam supply to the auxiliaries enough* to prevent 
their operation could be caused only by ^conditions 
resulting in an excessive lowering of the steam pressure 
at the throttles of the auxiliary turbines. Under such 
conditions, certain types of pulverized fuel mills which 
require a substantially constant torque regardless of 
output would stop. This might result in the boilers, 
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4){‘inK f iiuuh't{uut>*|.v ^ctpplied with r fu r el, failing to sustain 
.steam pres^ure^ Such excessive decrease of steam pres¬ 
sure, however, is fjr even table and never encountered .in 
stations pmptTly < lesion eel and operated. 

r * 

,Rkmamuj»y op Auxiliary Electric "Power 
♦ 

Bo iar as tijo Supply oT energy is concerned, a station 
witlr elect rurally U riven ^auxiliaries supplied from a 
single energy source would not be as reliable as the 
station with turbine driven auxiliaries. ’ Once the steam 
energy destiiml for auxiliaries is transmuted into elec-" 
meal energy for use in motors, it enters an. additional 
realm wherein it« stability is both more sensitive to 
disturbance ;rtut more subject to unexpected attack. 
Hence, to attain tbe same degree of reliability as in the 
station with turbirSe driven auxiliaries, the station with 
motor driven units must have duplicate sources of 
energy. * 

'Since service from the auxiliaries must possess a 
higher degree of reliability than the main"electric power 
supply, the auxiliaries must be supplied with energy 
from at least one, source not connected to the main 
generator or to tile outgoing lines. This entails fur¬ 
nishing for the auxiliaries at least one generator which 
may be drivdh by either the main turbine or by a 
turbine introduced solely for this special purpose. In 
important cases, two special generators are used, one 
driven by each of these turbines. This is done fre¬ 
quently in “downtown” stations of metropolitan sys¬ 
tems, whgre it is considered essential to keep the 
auxiliary system always free from the effects of external 

disturbances, '•••.' * 

' Mot only is it necessary to provide special generators 
and sometimes duplicate distributing systems in stations 
with motor operated auxiliaries, but it is customary for 
such important auxiliaries as boiler feed pumps and 
exciters to rely up on turbines as an ultimate resource. 

4 RE14ARILITY OP turbines and Motors 

The ultimate reliability of any auxiliary equipment is 
the compound reliability of its power supply and of the 
performing abilities inherent m the apparatus itself. 
Reg^ng tie inherent struct^ qualities of apiary 
turbines, these machines m their man parts are sturdy, 
and, as a concession to low irntial cost, simple and 


inefficient compared to 4 the main turbine units. Their 
•parts most questioned rare the reduction gears, governors, 
and valve mechanisms. However, the art of gear-cut¬ 
ting now has been developed so that gears seldom give 
trouble without ample warning. Governors and valve 
mechanisms are less certain in operation unless particu¬ 
lar skill is applied to their design. 

As a basis for evaluating the»degree of structural 
reliability of turbines, they may be compared with the 
more qsual types of motors: the squirrel cage, and-the 
adjustable-speed wound-rotor types. The simplicity 
.of the'construction of Squirrel cage motors and their 
accessories probably place them in approximately the 
same grade of inherent reliability as turbines. Wound 
“rotor motors and their accessories, however, invo?ve 
parts and constructions which may be preferred only 
through consideration of power economy. Thus, re¬ 
garding inherent qualities, it might be r said fairly that 
,in the case of constant speed equipment, steam driven 
auxiliaries are as reliable as those electrically driven.; 
and in the case of variable sp r eed equipment, they are 
more reliable. 

A further aspect* of inherent performance reliability 
in the driving apparatus itself is the relative ability of 
turbines and motors to drive variable speed equipment 
smoothly and without transitional disturbances, partic¬ 
ularly draft fans. On such duty, 'the turbine, with its 
infinite number of speeds, performs evenly. The wound 
rotor motor, with its step action transition in speeds, is 
more likely to cause disturbance in burner flames; and 
further operating complications rare encountered in 

changing from the motor of one speed to that of another. 

♦ 

Relative Efficiency of Turbine and Motor Drives '• 

r 

Despite their reliability and simplicity,, turbine 
driven auxiliaries were displaced to a large extent when 
it was discovered that a fuel saving could be'made if 
steam for producing auxiliary power first was passed 
through efficient main turbine units to produce electric 
energy, and then extracted for water heating, instead of * 
being passed through small inefficient'turbines driving 
auxiliaries mechanically and then into feed water 
heaters. The fundamental reason for this gain'in 
eeonomy is that the surplus energy,thus made available 
is pf oduced much more econonfi^ally than the rest of the 

station output energy because the steam required for 
*. ** 
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generating this surplus energy extracted is for. heating 

.. the boiler feed water.. As*a # result, this steam ig utilized 

at a station thermal efficiency* of between 90 and 100, 

per cent,* whereas the steam used fdr generating the 

rest of the output energy is carried Jnto the coftdenser, 

v^here most of its original heat Energy is lost*? and so is' 

used at an efficiency between 20 and 35 per cent. 

With regard to the economy actually effected by these 
changes the examples illustrated -in Figs. 3 and 4 show 
that by substituting mtftors for turbines on alfessential 
auxiliaries, and by heating the feed water with extracted 
steam instead of auxiliary exhaust steam a modern 
station’s net output for a given fuel consumption is 
increased at maximum load abcyit 1.75 per cent; the, 
overall thermal efficiency of the turbine-driven auxiliary* 1 
station is 24.4 per cent; for a station with motor 
drive it would be 24.8 per cent. In this comparison 
other conditions have been kept similar. It may be 
obsertfecl that in Fig. 3 less steam is needed for water 
heating thari in Fig.#4. This is because the auxiliary 
turbine in Fig. 3 is inefficient. As a result, hot steam 
is exhausted, less of .which is required for feed water 
heading than is needed of the cooler steam extracted 
from the efficient main turbine; however, the greater 
the percentage of the total steam in the main turbine 
which can be extracted and used for heating, the smaller 
the remainder to go into the condensey.and the greater* 
the net station output for the same fuel consumption. 

Not as a principle unique to either turbine or motor 
Stives, but as one common to both, it should be realized 
thatithe station efficiencies shown in Figs. 3 and 4 could, 
and should be increased by heating the feed water 
further than is shown in these examples by extracting 
steam from one or two high temperature points of the 
main turbine. Moreover the 1.75 *per cent advantage 
attained in the station shown in Fig. 4 would have been 
slightly greater if, instead $>f using one point of extrac¬ 
tion, two had been employed to heat the water to the 
same temperature; arid due alone to the stray losses 
encountered ifr actual operation*, advantage in favor of 
electric, drive might be as high as 2.5‘per cent. 

Difference between the efficiencies of the two stations 
compared would have been very much less if the high 
efficiencies now obtainable in auxiliary turbines had 
/ been assumed instead of the low efficiencies actually 
taken as better representing common practise. Also, 


* 

* * 


i%should be understood,that the relative efficiencies of* 
the two stations were estimated for only one station 
load; With both stations Operating at their maximum 
output, and the auxiliary turbines and motors perform- " 
ing at their maximum loads, and hence at their optimum * 
efficiencies. 

, . *• • 

* ^ 

. * Power Consumption 

: . . . * 

„ To ascertain the total difference in power consump¬ 
tion between steam and electric, driven ^auxiliaries ovqr 
the whole working range of the boilers and turbinfe* 
generators, rand hencfe the net annual saving in fuel,, 
requires a determination of the power taken at partial 
lqRds by both types of drives. This was'done by * 
analyzing separately the power input t'o'each Essential 
auxiliary when -tluiven by turbines, squirrefcage, and 
adjustable-speed wound-rotor motors. Jtn the analyses * 
based upon power output of the boiler, that output was 
reckoned as the power which. ttfe main turbine generator 
would produce with the quantity arid quality of s*eam 
delivered by the boiler at its different loads. The power 
consumed by th'e turbine driven auxiliaries in all cases 
Vas calculated as the power which the quantity of steam 
used in these auxiliaries would have produced If used 
instead in the main turbine generators. These analyses * 
represent the performance of equipment in stations 
having large boilers and turbine generators, where the 
auxiliary* turbines also would be large and slightly more . 
efficient than those often used,. However, turbines 
having higher efficiencies than those assumed in this 
analysis are now in operation on auxiliary service. .* * m 

Results of these analyses showed that: * * 

• * ,» 

1. For such auxiliaries as circulating water pumps and fuel pulverizing 
equipment, whore the output is substantially constant throughout a wide 
range of load on the main units, and for which constant speed squirrel cage 
motors are suitable, the electric drive maintains throughout the entire load 
range its relative efficiency over the turbine drive. V, 

2. For auxiliaries such os boiler feed pumps and draft fans, in which the 
output varies with the load on the main units, the squirrel cage motor 
rapidly loses advantage in the, power saving which electric drive gives at 
maximum load; below approximately 85 per cent load on the main units 
it is less efficient than the turbine. At lower loads, the initial relationship 
between the two drives can be*reestablished by transferring the load to a 
lower speed motor, but upon reducing the load still further, this motdfc will 
in turn become loss efficient than the single ffUrbine, •. '•* \ 

3. The superior economy which the adjustable-speeci wound-rotor motor 
gives at maxinmra load over turbine “drive diminishes greatly as the load 
decreases and vanishes at small loads unless operation is transferred 'to an 
additional lower speed motor. 
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’* • • Relative Operating Costs * 

• • « * * 

Conclusions just outlined indicate that from con- • 
sidergtions of power consumption, the most favorable 
application for'turbine drive is on equipment like draft ^ 
’ ♦fans^hich, having to traverse^ a wide range of speed and 
load, use more than r one motor when electrically driven. 
Even on this application the electric drive saves e pov^er; 
but it involves* a larger investment in both driving and 
generating equipment. Regarding the investment in 
driving equipment, it Jrs estimated that for large boilers 
'having a maximum output of the order of 500,000 lb. of 
„ steanr per hour. and* with two wound rotor ipotors per 
'fan, the installed cost of motors, controllers, and wiring. 
for both forced and induced draft fans would be abput 
$10 per rated r fan horsepower jnqre than for turbines 
with thetFvalves and piping. r f * * 

Regarding 'the investment in generating equipment 
assessable against the fan drives, if the fans are electri¬ 
cally driv-eiL and aH equipment usually provided for 
normal and emergency ,supply assessed-, the turbine 
room cost .will be found to increase about $49 per in¬ 
stalled fan horsepower. If the draft fans are steam 
driven, 0.7 p$r cent more total evaporating capacity's 
needed than if motor driven;,as a result the boiler room 
in this case costs about $12 more per installed horse¬ 
power than in the other case. Those investment costs r 
are based ana total station cost of $95 per kw. output. 

On the basis o£ the foregoing, the total investment 
incident to the electriq drive for fans will be $37 "higher 
per installed fan homepoyrer than for the turbine drive. r 
If 'the annual charges on this higher investment is less 
'than the cost of fuel per installed horsepower s&ved by 
the electric drive,, then motors would be more economi¬ 
cal than turbines^ and vice versa. Seldom, however, 
would motors be more economical.. Even with coal at 
$4 per ton and a capacity use factor of 100 per cent, the 
combined fuel cost and fixed charges would be less for 
the turbine drive than for the motor drive. In plants 
designed to deliver large quantities of steam for indus¬ 
trial uses or for. heating, the economic balance is usually 
in fhvor of turbine d^ive regardless of load factor and ’ 
fuel cost. _ 

Future Developments ■ ; ; * 

To realize fully the advantages obtainable by using 
auxiliaiy turbines in conjunction with large main units, 
more efficient deigns and methods of application be¬ 
come desirable, practicable, and commercially feasible. 
With the conventional designs and applications of these 
machines, more stages and larger diameters can be 
used to rafse the efficiency at maximum load; however, 
care must be taken that the gain is not so obtained at 
the expense of inefficient partial-load operation. 

Hovel means for securing high efficiency have been 
adopted in turbines recently installed in one particular 
lahge central station; there, not only high rotative speeds 
and many stages of highly refined design have been 


^ w 

• / * ’ 

introduced, butvthe steafc is passed in series through 
two*turbines! For stations of high stehm "pressure (600' 
lb. per sq. ip. and # more). still other means*, may be 
evoked to improve the efficiency of auxiliary turbine 
operation* as indicted in Fig. 5. * Here the improve¬ 
ment is dterived thcougfi using machines of conventional 
design, but with novel steam connections. These 
features contribute*^ low initial cost of .machines and 
piping, and low maintenance; but mudh care and some 
ingenuity of design is required to protect operating 
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Fi$. 5. Steam and exhaust coinfections for auxiliary' 
turbines in a typical high pressure station 


continuity while preserving simplicity of design and 
avoiding unduapiping complications. " 

In regards to turbine gearing, this accessory usually 
performs quietly and satisfactorily.^ It is desirable, 
however, that still more attention be grven to its design 
and manufacture so as to remove completely the objec¬ 
tion to turbine auxiliaries still offered in some quarters 
where objections! gear noise has been experienced., 

While it is indicated that the immediate develop¬ 
ment of the auxiliary turbine will be along the lines of 
higher efficiency and greater refinement in mechanical 
detail, the development of *electric drive "ghould be 
directed toward greater simplicity and lower installa¬ 
tion cost. Greater sturdiness of*variable speed motors 
is desirable as is also wider speed ranges; but the 
greater field for improvement is in distributing systems 
and control equipment. It is* desirable to retain the 
efficiency and convenience of motor drives without 
sacrificing reliability, but at substantially lowermost. 
At the moment just how this end may be accomplished 
is not clear; but the problem is receiving the attention' 
it deserves, and the great variety of sys'tems'adopted in 
stations built recently indicates that plant designers 
are far from satisfied with conventional systems and 
are striving to produce something better. 

Conclusions 

Noteworthy conclusions brought out by the fore¬ 
going discussion are summarized briefly in the following 
paragraphs: " 

If At present the turbine constitute* thesimplest and most reliable drive 
for afeeampower station anxlliaries. applications requiring extreme 
protective measures, the simplicity arid reliability of turbine drive may 
■warrant its selection for all essential auxiliaries. 
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2. For maximum load conditions an intortTVement ftr’over-all fuel economy 
the order of 2.percent -will result incidental to the use of motorQlrive 
•“instead of turbine drive for all essential auxtfleries; with both drives; steam 
would be extracted from the main tjjirbine for feed water healing, more 

being drawn where motor drive is used*. ' * * 

* • • 

3 V For constant-speed auxiliaries the economy duo to motor* drive is 
•greater at partial loads than at maximum lend. n 

% * ^ 

4. For variable-speed auxiliaries the advantage in economy with motor 
drive is slight at small loads. 

n 

5. Under most conditions the total annual "expense for draft fans and 

perhaps for boiler feed pumps, including fuel cdsts, maintenanee h and capital 
charges, will be less with turbine-drive than with motof drive. 15 


•* V 


6. There is an element of convenience in the starting and stopping of 

motor drive which commends it to the average operator, other considera¬ 
tions being approximately equal. n 

7. The use of turbine drive is not justified for non-essential auxiliaries 

(which may stop for a short time without inconvenience) these ordinarily 
being jlriven at coifetant speed. - * „ 

8. Future developments may change the relative status of two drives; but 

indications are that in the immediate future progress will tend to decrease 
the advantage in fuel economy which the motor now possesses, and to 
increase the turbine’s advantage of reliabili by. " 


pllcity and flexibility of* 1 electric drive, affid^imfcortant 
changes in boiler and turbine practise. Confidence in 
electric drive has been strengthened by improvement in 
the manufacture and application of electrical equip¬ 
ment, the*proved .value of station and system intercon¬ 
nections? and a record of successful operating expedience? 
The convenience and, flexibility *6^ electric drive are 
known? generally, but will be discussed more in detail 
•J^ter. Important changes in boiler and turbine prac¬ 
tice that have influenced the use of electric drive are 
biulti-stage bleeding of turbinestor feedVater heating?, 
the use of higher steam pressures and temperatures, the* 
development of larger boilers and*-turbines witfi their * 
multiplicity of similar auxiliaries, and, to some extent,* 
automatic combustion control. 


• 
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REVIEW of the history of auxilia¬ 
ries for steam power stations shows a gradual change 
from complete steam drive to the other extreme of 
complete electric drive, except for a few reserve steam 
driven auxiliaries such as boiler feed pumps and service 
pumps v During an intermediate period, dual steam 
and electric drive was used quite extensively for some of 
the essential auxiliaries, but the number of dual drives 
appears to be diminishing steadily. 

Higher efficiency of electrically driven‘auxiliaries 
’receiving their power from the efficient main turbine or 
house turbine, as.opposed to small inefficient turbine 
driven auxiliaries} always has been attractive to the 
station designer. However, lack of confidence in the 
reliability of the early forms of electric drive f§r essen¬ 
tial auxiliaries retasded its general adoption until more 
operating experience was obtained and reasons other 
• than greater efficiency appeared. 

The change from steam to electric drive is due largely 
to an increasing feeling of confidence in the reliability of 
electric drive, an increasing appreciation of the sim- 

■ ■ ■ ■ . 1 *- , 9 - _ * 

Based upou “Electrically Driven Auxiliaries for Steam Power Stati&is" 
(No. 32-6) to be presented at? the A.I.E.E. winter convention; New 
York, Jan. 26-29,1932. 
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Reliability always has been considered "the $hief 
requirement for essential auxiliaries; steam is considered 
more reliable than electric drive chiefly because it is*a 
piore direct method of obtaining power. Electric drive 
introduces additional apparatus such as generators* 
transformers, and switching and control equipment be- 
-i tween the boilers and the auxiliary to be 4j*iven. If tjie 
electric auxiliary is connected directly or Indirectly to* 
the main bus, it is exposed also to„the effects of line 
disturbances. Performance of the intermediary equip¬ 
ment required for electric drive how will be considered 
" from the viewpoint of reliability. * •„ 

Main and house turbines probably are more reliable* 
than efficient auxiliary turbines; furthermore, the larger 
units receive mu<#i closer attention than could be giveif 
economically to auxiliary turbines?-' Concerning the 
generators, statistics show that failures are extremely 
rare, especially since closed ventilation systems have 
been used; but in case failure of the main generator 
should occur, there is usually no immediate need for the 
auxiliaries associated with either the generator or the 
boilers. Auxiliary transformers have an equally good 
record for freedom from trouble. Modern switching 
and control equipment too in recent years has given but 
relatively little trouble, especially when selected and 
installed with the usual liberal safety factors. ° " 

A large proportion of the motors used for electric 
drive is of the squirrel-cage inductit% type which is un¬ 
usually sturdy, and which readily* permits full voltage 
starting with its inherent simplicity of control. How¬ 
ever, when correctly, applied and Maintained, other 
types of motors also have given good service. ‘ Further¬ 
more, improvements in insulation and bearings have 

made motor coil failures rare. 

• • * . •.«*.“ - ^ 

Ip regard to the reliability of power supply for elec¬ 
tric, auxiliaries, the extensive use of bus and feeder 
reactors, and diversity of power feeds, have tended to 
minimize, the effects of line disturbances. The present 
trend toward faster operation in oil circuit breakers also 

•. * .. * 
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will minimize the effects of line disturbances. Fr<tm 
these facts ft seems apparent thfireforfi that reliable 

# sendee rpay be expected from electric drive wRen ap- • 

“ * * pliectcorrectly. 

‘Simplicity and Flexibility op Electric/Drive 

r r 

. It is difficult to cpnCeive of a.simpler drive for rotat¬ 
ing equipment than the squirrel-cage motor. Perhaps,- 
however, the greatest advantage in simplicity of .the 
^electric motor versus" the steam. turbine lies in tl\e 
' 'method of control. A motor for instance may be 

• started and stopped: in a fraction 0 / a minutejrimply by 

„ r pushing the button, whereas the ordinary small auxili- s 
ary turbine usually requires^ preliminary warming up. 4 
Besides these'advantages the* convenient control of 
auxiliaries from a few centralized peijlts, made possible 

* by. electric motor drive, often permits a reduction in the 
station operating staff and contributes toward better 
efficiency*©! operation. ' r 

Flexibility likewise is an important factor in auxiliary 
Equipment especially from the viewpoint of station 
design. Here again the almost unlimited flexibility of 
n electric drivergives it a great advantage over steam, *hs 
evidenced by modern boiler combustion control systems. 
The absence of steam piping to the turbine and boiler^ 
c r8om auxiliaries, made possible by electric operation 
results in less congested basements and thereby facili- 
' tates station design, operation, and maintenance^ Fur¬ 
thermore, in obtaining the station heat balance elec¬ 
tric drive provides greater flexibility than steam. 

r- 

i*< r> f*, 

• Modern Trends in Station Design Favor Electric 

., « • r Dr*ve 

Selection of the type of drive for a station’s auxiliaries 
usually is not ma5e entirely on the basis of the relative 
performance of motors an<i turbines, but is determined 
to a large extent by the general design of the station. 
One of the most important changes in station design and 
one which has r tended to increase the use of electrically 
driven auxiliaries, is The general adoption of the multi- 
: stage bleeding cycle" for boiler feed water heating. 

Although complete motor drive for auxiliaries is not 
.-* required where the stage bleeding cycle is used, electric 
drive for all auxiliaries in such stations will (1) decrease 
the B,t.u. per kw-hr. rate-of the station approximately 2 
per cent; (2) simplify operation. by automatically vary- 
■: ing with load changes the steam extracted for feed 
wai^r heating, and (3) simplify the station heat balance 
■ system by obviating the transfer of auxiliary load with 
varying station load. 

. Another factor favoring the choice of electrically 
driven auxiliaries is the use of higher steam pressures 
and temperatures in modem stations. This is because 
(1) small high pressure auxiliary turbines cost much 
more than small low pressure turbines, and (2) higher 
pressure turbines are harder to maintain at their full 



• * § » • * 
efficiency and** capacity.; Operating experience* with 

smSll turbines indicates that their efficiency falls off, 
rapidly (sometimes as fnucji as 50 per cent) unless they 
•are .carefully maintained.* This diminishing of effi¬ 
ciency is # due to accumulation of scale in the steam 
passage;* the effect oftviously is more pronounced ^iri 
high pressure turbines because of the smaller clearances. 

The trend towareUarger stations, which also involves 
of course larger boilers and turbines, iff still another fac¬ 
tor in favor of‘electric drive. These larger units permit 
the economical use of two or more similar auxiliaries per 
unit which allows for diversity in the auxiliary power , 
'supply and thus increases the reliability of electric 
drive. Furthermore a more reliable unit system for 
auxiliary power supply is justified in th*ese larger sta¬ 
tions wherein all essential auxiliaries for a main genera¬ 
tor *are supplied dfreetly or indirectly from the generator *• 

itself. . 

• • 

Cost Considerations 

• # 

• 

In addition to the many aspects of the choice of 
auxiliary drive already discussed, any comparison be- 
tweeif the two drives* introduces at least one other 
important factor subject to considerable debate—the 
cost of an electric auxiliary power supply that can be 
considered equally as reliable as steam. Naturally,*the 
cost of any power supply system involves first of all the 
amount of power required to drive the auxiliaries. 

• 

Table 1—Power Required for Electrically Driven Auxiliaries 
in a Modern Large Power Station , 

, Per Cent of Total 


Subdivision Auxiliary Power 


Goal preparation.... ♦ . v . .J&.O 

Boiler feed pumps.•.. .22.0 

Turbine auxiliaries.... * .. .22.0 

Forced and induced draft fans..20.0 

Heater drain pumps.»:... 3.8 

Service pumps. ». .•.*.. 2.6 

Station, lighting.___.*... 2.4 

Goal handling. ;vl.6 

Miscellaneous auxiliary power.*...*L .5 

Ash sluice pumps... 1.0 

Air compressor..•.0.7 

Dust precipitators. 0.4 

• *«_- ' 

Total (5.5 per cent of gross generated power) .100.0 * 


For an electrically driven auxiliary sy&tem the 
amount of power required is relatively smal]’ and de¬ 
pends to a large extent upon the type of fuel-burning 
equipment used. For a plant burning pulverized coal, 
from 5.5 to 6.5 per cent of the total gross power gener¬ 
ated is required for the auxiliaries; fpr one employing* 
stokers, from 4.0 to 5.0 per cent; and for One burning 
gas or oil, from 3.5 to 4.0 per cent. * The station load 
factor and nature of condensing water supply also 
affect the amount of auxiliary pdwer, but to a lesser 
extent. • * v. 
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In Table I is given an ^apprcximate^subdivision of 

auxiliary power *for a* typical modern 650-lb. ^steam- 
generating station of approximately 200,000-kw. capac¬ 
ity, entirely equipped with electrically driven auxili¬ 
aries and using th<? unit system pf pulverized fuel 
equipment. A study of this tabulation indicates that 
at best the possibilities of further saving in the 1 amount 
of auxiliary power appears to be lijnited to about 1 or 
2 per cent of the^ross generated power. 


Table II—Investment Cost of Electric Equipment to Drive, 
Auxiliaries of a Modern*Large Station 


Subdivision 


Approximate Per -Ccr^t 
of Total Station Cost 


Prorated share of cost for portion of .turbo-genera- " 

tor units used for auxiliary power. 0.8 

Auxiliary power distribution system, including 

transformers. 1.0 

Motors. 1.2 

Control equipment for motorr..2.0 

Cable anti conduit for motors and control equip¬ 
ment.f....2.0 


Investment in equipment is the next cost item con¬ 
sidered. Accordingly, in Table II is given an approxi¬ 
mate major subdivision of investment costs for the 
electrical parts of. the auxiliaries for the same typical 
20U,000-kw. statibn. This station utilizes for auxiliary 
powef two 4,000-kw. shaft generators, and two 9,000- 
kfa. transformer banks connected to the main bus. 
The main switching equipment and the 2.3-kv. auxiliary 
switching equipment are of the vertical-lift metal-clad 
type; for the 440-volt motors air circuit breakers and 
magnetic switches are used.- The boilers are supplied 
with full automatic control". * 

3 > 

In Table II only the prorated share of the cost of 
turbo-generatoj; units used for auxiliary power is in¬ 
cluded, because the boilers andf the balance of the 
station,equipment are'Common to both steam and 
electrically driven auxiliary systems. No allowance 
has been made for spate occupied by electrical auxiliary 
equipment because it would be approximately the same 
ior ’either type of drive; however, the flexibility of elec¬ 
tric control equipment enables it to use space that 
otherwise might be wasted. In this particular case, 
the maifl auxiliary transformers and high voltage 
switching apparatus are installed out of doors. 

Items in Table II exhibiting the greatest possibilities 
for saving are the*control equipment and cables for 
, motors. It seems apparent, however, that a radical 
reduction in the investment cost of the complete station 
will not result even from major modifications to the 
elebtrical part of c an auxiliary system, but rather will 
have to come from a series bf small savings. Some o£ 
the possibilities of makiflg these small changes are 
brought out in the discussions which follow. 
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t? Electric Auxiliary Power Supply * 

^ 3 t 

A review of station desigfis with respect to the source 
of electric power for auxiliaries shows quite a variety* of 
arrangements, all of which are modifications of two 
’ fundamental systems; (1) power from main bus, or (2).. 
power from a^ separate generator.. /The advantagesWd 
disadvantages of the principal modifications, of these 
two fundamental systems are covered completely in the 
National Electric Light Association Publication 088, 
4?ril 1930, and will not be repeated here. * 

" It is interesting to" note a considerable trend back toX 
the original system of-supplying auxiliary power, from 
the main Bus after passing through a?cycle of house tur-* 

- bines and shaft generators. The system of taking auxili- * 
ary power from the generator deads ahead of the oil 
circuit Jbreakgr is virtually the same as taking the 
auxiliary power direct frpm the main bus^and both are , 
subject to the same criticism of being affected by Bus 
voltage fluctuations unless the station has been designed 
to minimize them. In many instances, however, oper¬ 
ating experiences appear to justify the use of these 
simpler and mor-e efficient systems in large stations 
wj^ich form part of extensive interconnected networks. 

Of the two methods mentioned, that of taking power-* 
from transformers connected to the generator" leads is 
^the least expensive because it eliminates ^the need for „ 
auxiliary high voltage transformer oil circuit breakers. * 
The disadvantages of this scheme arq substantially the 
same as for an auxiliary shaft generator except that the 
^ shaft generator of course is free from main bus voltage 
" disturbances. Both are affected if the turbine oven- 
speeds, but improvements in governors and the increas- * 
ing use of generator voltage regulators for system 
stability purposes^tend to minimize troubles of this sort." 

If an electric auxiliary system is to -be used in an iso¬ 
lated generating station, a more elaborate power supply 
obviously will be required. This type of station also 
will necessitate more steam driven reserve auxiliaries 
for starting-up purposes than now are considered neces¬ 
sary for a station forming part of a large interconnected 
group. o 

Although in some stations house turbine-generators 
have been employed, their economical use appears to be 
cqnfined to stations using d-c. adjustable-speed motors 
or where exhaust steam is used for purposes other than * 
for feed water heating. Many engineers feel that a 
house turbine is justified as a reserve to the other power 
sources and for startingrup purposes. The type of 
turbine-generator that can be started up almost in¬ 
stantly from a remote point appears well adapted for 
this purpose when local conditions justify its use. For 
all large stations, however, the unit system "of supply 
appears justified, whether it be from house turbines, 
shaft generators, bus transformers, or transformers on 
generator leads. As already mentioned, the chief ad¬ 
vantages of the unit system are greater reliability and 
lower interrupting duty on the auxiliary power control 

equipment,. 
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Electric Auxiliary Bower Distribution t 
* # * 

* • , . # 

r ^election of the voltage for an electric auxiliary power* 
r distribution system usually is determined by the stand¬ 
ard motor voltages available, together witi£ a study of # 

’ * fche*over-all cost of motors, c^ble and control equipment. 
In many of the g^rlier station^, cable runs were rela¬ 
tively long and the interrupting duty on ther control 
apparatus relatively light, with the result that motors pf 
50 hp. and more, usually were operated at 2,200 vojts. 

. However, with the present trend toward larger stations 
. and consequent greater concentration of auxiliary ( 

* powfir, the cost pf Control equipment has becpme a large 

* * item of the total auxiliary system cost. The 1926 report* 

of the A.I.E.E. flower generation committee pointed«out r 
this condition and suggested that a study be made of 
the possibilities of using a 440-volt auxiliary system with 

* carbon air circuit breakers for "control. It is interesting 
to note that r a 460-voJt sysjtem of this type was adopted 
for the Gould Street station at Baltimore as a result of a 
thorough study <Sf investment costs and performance of 
motors and control. This station is designed for four 
36,000-kw. units. 

^ In, larger 'Stations with units of 50,000 kw. and ftp- 
wards,* two or more auxiliary distribution voltages 
usually are required; those commonly used are 2,300^ 
r £nd 460 volts, respectively, although in some stations 
.550 volts is being used in preference to 460 voltes. In 
many instances an appreciable saving can Be jpade in 
the over-all cost of "motors, control equipment, and 
jeable, by extending the size range of the low voltage* 
r *• motors up to 100 hp. or more, and establishing low 
voltage power distribution*'groups central to the group 
V of motors fed b/the distribution point. 

Sometimes a ^further saving can be made in the 
auxiliary power switching and control equipment by 
diversified grouping of duplicate unit auxiliaries. For 
instance, half of the auxiliaries required for one boiler 
may be supplied from one bus section, and the other half 
from another bus section. This not only provides a 
more reliable power supply, bpt eliminates the need for 
double buses, since if is possible usually for maintenance 
purposes*to isolate af least one-Jaalf of boiler auxiliaries 
during off-peak conditions. 

*.* . .* .*.**. . .. *. 

Auxiliary Motors and Control 

If the present high investment cost of auxiliary 
•; motors and control apparatus is to be reduced, every 
auxiliary drive application calling for variable or ad- 
justable speed motors must be investigated and justified 
by an appreciable saving in over-all costs. In addition 
V^ : to the. high investment cost, the use of variable or 
adjustable speed motors increases maintenance costs 
and space requirements and to some extent reduces the 
reliability of the drive. 

• A review of motor applications for recent large sta¬ 
tions indicates a decided trend toward the use of more 
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squirrel-cage ‘arid le^B ^liprring motOTs. Machinery 
designers are being attracted by the "siniplicity of the 
full voltage starting ^possibilities of squirrel-cage motors, 
and in many ea§es have withdrawn entirely their de¬ 
mand! fpr slip-ring motors merely for smooth starting. « 
Also some of the equipment which formerly required 
variable* speed drive now is* being made for constant 
speed operation with the exception of boiler feed pumps 
for higji pressure boilers. Station designers too appar¬ 
ently are becoming more willing to give up in favor of 
the reduced investment and maintenance costs made 
possible through the use of the squirrel-cage motor, any c 
small , gains in plant* efficiency obtained by variable 
speed drives. r r 

" Tn regard to motor control’apparatus, considerable 
progress has beeij, made by manufacturers inrsupplying 
self-contained motor contrdl groups completely fabri- 
ricated at the factory. In many cases where the field 
labor costs are high, a substantial saving can be made 
by using these factory fabricated groups. An appreci¬ 
able saving also often can be maderin conduit work by 
using armored cable installed in*metal troughs enlarge 
pipes, indoors, and by using “parkway” cable for out¬ 
door installations. Inthe middle west during the past „ 
few years this method of handling cables has given 
satisfactory results. 

Summary 

The chief advantages of electric drive over steam 
drive for station auxiliaries are briefly: * r 

1. It facilitates more efficient station design by permitting all of the steam 
required for feed water beating to be taken from the main turbine by stage 
bleeding. 

• ‘ 

2. It may be approximately twice as efficient in terms of B.t.u., per kw-hr. 
as steam drive depending upon tbs amount of maintenance .received by 

the auxiliary turbines. *> 

•• * 

3. It is uniformly efficient, since*>lack of maintenance does not affect 
materially the efficiency of electrical equipment, although it may reduce the 
reliability of the equipment somewhat. * 

4. It requires less maintenaifee. * 

5. It is simpler to operate. r 

6. It improves the physical design and operation of a station by reducing 
the amount of auxiliary piping required, particularly in the basement. 

Some of the possible methods introduced for reducing 
the cost of an electrical auxiliary system are: 

• <j . . 

. . • • . • • . 

1. Obtain auxiliary power supply from transformers connected to the 
main generator leads ahead of the generator oil circuit breakers, and reserve 
supply from main bus if reliable interconnections are provkffed with other 
stations and station bus is protected by reactors or their equivalent. 

2. Establish both high and low voltage auxiliary power distribution groups 

central to location of auxiliaries instead of in electrical bay. to reduce „ 
length of cable.and conduit runs. ; f! 

3. Increase the horsepower range of iow voltage motors in view of rela¬ 
tively high cost of high voltage control equipment. *• 

4 Diversify feeds to all duplicate auxiliaries where possible, thereby per¬ 
mittingsimpler switching layout for adequatemaintenance. 

5. Use squirrel cage motors and full voltage starting equipment wherever 
possible even if at the sacrifice of a small percentage in station efficiency. 

6. „Use factory fabricated amtrol equipment wherever possible. 

7. Use armored cables grouped in metal troughs or large pipes for indoor 
and‘‘parkway” cable for outdoor installations. 

•' *'• .-..' r p '» ■ *> 
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How About ‘the 
. Human Side .of It? 


With sympathetic attention and the direc¬ 
tion of modern scientific methods toward 
achieving a solution of existing problems in 
human relationships, an ideal civilization is 
foreseen. This is the sixth article in The 
Engineering Foundation’s syynpojium “Has 
Man Benefited by Engineering Progress? 


»* 


By 

ROBERT D. KOHN 


President, The American 
Institute of Architects 
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HE .MATERIAL achievements of 
engineering and science during the past half-century 
indeed are an indication of the wonderful possibilities 
of the trained mind. But that same* mind has not 
distinguished itself by meeting other problems that 
haye grown evermore complex in this same, period. 
The benefits that men have received from science are 
fairly well known.. Why try to make a list of them? 
Such a process appears academic. Is it not likely to 
lull us'into a sleepy sense of repletion, as if the job were 
well done and, having dined on succulent self-praise, 
rest were now due? Or worse still, the pride of achieve¬ 
ment actually may blind usC to the important problem 
which science has not tadkled at all. The present 
only-too-evident maladjustment (and indeed the misery 
from which'some Rprt of the wQrld always suffers) is 
in no small measure an indication of a whole series of 
such vital problems. * • 

It seems that the very real achievements of science 
and engineering fail of their effect because the human 
side of the world's problems has been neglected. We 
♦have t>een absorbed in things. We have neglected to 
notice the .effect which men absorbed in things have 
upon other men absorbed in things. We have been 
proud, {or instance, of what engineering has done to 
annihilate space. Transportation, telegraph, telephone, 
and the press bringynen from the ends of the e^rth into 
a new and closer relationship with each other. But 
we have done practically nothing to develop a technique 
of human relations to meet the new problems brought 
about by those closer relationships. 

The wonderful v qualities of insight and patience, and 
indeed the genius that has been applied to the material 
accomplishments of modefti times, now must be turned 
to a much more difficult job. The results of these 


discoveries must be turned to At more worth-while, a. 
more comprehensive use. Scientists and engineers (and • 

. all of the rest of us for that matter) must now concen¬ 
trate on the study of the relations of man to "man, nf 
group to group, and of nation to nation. We musfTfind 
'a way to Understand the interrelation and the inter- 
dependence upon each other of mqn, within each func- * 
tion of modem life, and^the interdependence of Junction 
upon function. When‘these relatfonships are better 
. understood they will become clarified, and then be 
mbre just. *- And the distribution of the products of 
modem methods and the benefits thereof (material as > 
well as spiritual) then will be betteg* adjusted^ because 
,of necessity that distribution will*b£ based* upon a 
'•recognition of the essential nature of £he coritribution 
that each group makes to the needs of the whole.. And 
a whole world of„ latent* talents will be evoked during 
this process. * 

♦ By far the greatest benefits are still to*Jbe conferred 
on the world by the scientific pi4n<k,and by engineering 
skill. They will produce in' the future Still greater 
inventions. The physical sufferings of mankind Will 
be relieved by further beneficent discoveries of medicine 
and advances in surgery. But my hope for the future 
lies in the belief that we are about to shift The direction • 
of our efforts because we have realized that progress 
'♦lies in another direction. Doubtless the work in study 
and laboratory should go on, bufrthe leaders'of research * 
and the forward-looking men in all the, skilled vocations 
now must turn to a new leadership. It is their duty 
w and their privilege to direct a study of the much more 
difficult problems in the neglected field of human 
relations, and "these are not problems that can be * 
solved by the few working alone in laboratories. It is a 
job for the many,„out in th5 open with the whole world * 
as a field of action. There is a new art to be created, 
superimposed upon material science, >nd next to which 
in complexity modem science is simple. An art it will 
be because it must develop a sensitiveness to the infinite 
variations, to the differences in values of personalities, 
and each such perception will have to be interpreted 
by other personalities. • 

The painful inefficiency and injustice of pur present 
civilization shows us that this is the great tasb. Some 
say that the essence of this .task is the basis of all of 
religion. Others believe, that it is the spiritual back- * 
ground on which a new democracy is to be built. What¬ 
ever its name, it is a job that we must tackle, for we live 
in an age of idiotic contrasts. Part of the world is 
starving with the food bins elsewhere bursting with a 
surplus of food. The rest of the world is spiritually 
starving because of a plethora of the thousand-and-one 
material blessings. I am not interested how in a 
review of the scientific skill that has produced these 
things; I want to see it apply itself to working out a 
new vision of human relations. 

Editor’s Note* Pursuant to the invitation of The Engineering Founda¬ 
tion, the editors will be happy to receive comments, suggestions, criticisms, 
or discussions pertaining to this or the other articles in this series. 
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_ UPPLEMENTING the arinual report 
Sol the chairman of tfie committee on electrical insula- 
r tion, ^division r of engineering and industrial research, 

* National Research Council, whicfi appeared* under the, 
title “The Trend in Dielectric Research” on p. 96^-70 r 
of the December 1931 isSue < of Electrical Engi¬ 
neering h r^sum4 of technical a^id seientifikb papers 
«■ presented at *Jthat committee's fourth annual meeting 
arid conference held recently at Harvard University is 
presented dn 'the fouf* ^ticlds which follow. Each 
article is based upon the c papers presented at one of the 
fpur technical sessions of the conference, each session 
dealing with one particular phase of insulation research. 

In the first.article P. M. Clark has digested and inter* 
r preted the contents of th$ papers presented at the 
f Session Sponsored by the subcommittee on chemistry, of 
, which he is .chairman. The other three articles eon-* 
tain brief abstracts of papers presented at the remaining 
three sessions for/the preparation of which the coopera¬ 
tion of J. B. Whitehead, chairman of the confmittee, 
and R. W. Atkinsop of the General Cable Corporation, 
Pfirth Amboy, N. J. is acknowledged. 

•* * r 

... . •• . • . * 
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I—Chemical Research 


tion tests in use generally are electrical in nature; 

^ nevertheless their exact relationship to the impurities r 
* and chemical behavier of the insulation under test is 
largely a matter ©^ speculation, and based but little 
upon experimentally determined facts. r 
A striking example of the effect of impurities on 
dielectric strengtR is the factrthat reducing the inorganic ' 
ash r content of insulation by washing results in a marked 
improvement in its insulation resistance. About 70 
per cent of the ash content of cotton consists of water- 
soluble sodium and potassium salts* by removing these 
a 50-^to 100-fold increase in 4he c insulation resistance is 
obtained. Of commercial importance is the fact that 
washfngs with distilled water give lower insulation 
resistance than similar washirfgs with ordinary tap * 
water which usually contains salts of calcium and 
magnesium. Apparently an ionic interchange is 
brought about between the alkaline earth salts of the 
wash water and the inorganic materials of the cotton. 

In calcium sulphate washings, that portion of the sul- 
phate content of the cotton not associated with alkaline 
salts remains remarkably constant regardless of changes 
in the calcium content, ^ith magnesium sulphate 
washings, the sulphate content decreases due to the 
greater solubility of the magnesium sulphate formed by 
the ionic interchange. 

Molecular Structure of Dielectrics 


in Insulating Materials 


F. M. CLARR 1 Genera! Elec. 06. 
Associate A.I.E.E. , Pittsfield, Mass; 


U g of the 

;typ^ at present being used in electrical design are diffi¬ 
cult to interpret from the standpoint of fundamental 
characteristics and behavior, not only because of their 
underlying complexities, but also to a large degree 
because 6f their lack of purity. As yet satisfactory 


have not been developed despite the fact that their 
electrical properties depend principally upon the 
presence or absence of electrolytic impurities. Insula- 


From such data it may be assumed that the electrical 
properties of commercial dielectrics depend to a large 
extent upon their physical structure. Conduction is 
not due to as great an extent to moisture condensed on 
the outer surface as to the presence of ionizable salts 
and moisture within the material itself. Studies on 
rubber and its purification have served to support this 
view. Of considerable importance therefore is that 
proper attention be given to the structural arrangements 

lB aaed upon the following papers presented under the dfrectten of the sub¬ 
committee on chemistry of the committee on electrical insulation, division 
of Industrial research, National Research Oomjcii, during the committee’s 
fourth annual meeting at Harvard University, Cambridge, Mass., Nov. 
13-14,1931: ' 

1- Dielectric Constant add Molecular Interaction, by F. G. Keyes. * 
Massachusetts Institute of Technology. * * 

2. The Structure and Electricai Behavior of Insulating Materials, by 

J. W. Williams, Uniyeteity of Wisconsin, / . * V '• * 

3. Molecular Structure and Valence, by J. G; Slater, Massachusetts Ihsti- 

tuteofTechnology: • ;• ^-v.* 

4. The Influence Of the Ash Constitueafte of Cotton on Its Electrical 

Pr operties,:by A. C, Walker, Bell Telephone Laboratories. . 




of the dielectric before attempting to- build a super¬ 
structure of dielectric theory. •; • • • 

If atoms and,molecules ar§ conceived as being.made 
up of positively and negatively charged*particles, some 
structures evidently will be in good electrical balance, in 
th^ sense that the center of the Electrical effect of the 
positive and negative charges will coincide perfectly. 
When placed in an electric field, such complex structures 
will polarize because the electrical center of the positive 
and the negative charges will be pulled put of coinci¬ 
dence. This change produpes an induced polarity 
, which, if independent of the manner in which the mole¬ 
cule is oriented, would be representative of the simplest 
dielectric behavior of gases. Peculiarities in the chemi¬ 
cal constitution of the molecule, however, may bring 
about a disposition of atoms such as to give the mole¬ 
cule a permanent electrical moment In addition to,an 
indyced moment; in this case the dielectric constant 
would be* expected to be greater. The orientation of 
fixed dipoles tending toward alinement parallel to the 
direction of the fieltj would be expected to be interfered 
withjjy molecular collision; since such collisions are a 
function of the temperature, the result at infinite 
temperature would .eliminate the.contribution to polari- 
* zation through the permanent moment. This theory 
has been remarkably successful and has stimulated an 
endwnous amount of interest in dielectric behavior. 
Its extension by Debye and others has‘been made to 
account for anomalous dispersion at radio frequency 
and the absorption’of energy in solids. 

The, extension of the molecular dielectric constant 
theory to highly compressed gases and liquids offers 
serious^ difficulties. To date measurements have been 
obtained at the Massachusetts Institute of Technology 
for carbon dioxide, ammonia, methane, and hydrogen. 
The results for carbon dioxide are typical of what may 
be expected, of the dielectric behavior of a non-polar 
molecule of one having a non-permanent moment. A 
non-polar gas should possess a polarization independent 
of temperatiire ;* this.is true of both carbon dioxide and 
methane. With carbon dioxide, the polarizability when 
extended to the region* of, liquidity under pressure 
increases only slightly with increased density. With 
ammopia, however, the increase in polarizability with 
den§ity is more marked. • 

* Molecular formation is based upon the attraction of 
constituent .atomic electrons, and the valence bond 
giving atomic union is'a resultant of electronic motion. 
As suggested by Lewis and confirmed by wave mechan¬ 
ics, homopolar bonds result from shared electrons. 
Electrons are considered to possess a spinning friotion, 
and a chemical bond results from the mutual attraction 
nf oppositely spinning electrons. Most of the electrons 
in an atom, however, are bound into closed shells with 
their spins neutralized. Thus only those electrons with 
unpaired spins can participate in the valence bond. 
The chemically inert properties of the helium family o£ 
elements is so explained.* By the same reasoning, 
oxygen with its two parallel spinning electrons, a com 


• _ 


ditipn preventing mutuaj neutralization „ or, bonding,*' 
offers an opport?unity*for multiple^eombination or double • 
valence "manifestation. TK*e electrons, however, hgve 
. a definite spatial arrangement and form bonds *at 
particular angular relations to each other. In carbon, 
This characteristic results in chemical bond along the, 
axes of a regular tetrahedron; in oxygph and in nitrogen, 
the bonds are respectively at right angles. 

" A 


Behavior of Molecular Groups Must Be 
CONSIDEREP 


In commercial dielectrics, however, attention cannot, 
be confined solely to*the structure of individual mole-« 
,'cules. To explain electrical conduction *and other 
physical properties, consideration must be* given, to the 
behavior of the molecular groups which are*isfiuenced 
not only by simple^molecular forces but, in addition, by 
those forces resulting in molecular aggregation and Che 
formation of the massive maternal; v Physical studies on 
cellulose, rubber, and other commonly^occurring insola¬ 
tions indicate the presence of primary valence chains 
rather than aggregate formation by association through 
secondary valence forces. Primary valence chains are 
formed by polymerization or condensation reactions; • 
their regular or random' arrangement depends upon 
The number and spatial arrangement of ^the reacting # 
group present in the elementary molecules. "Substances * 
possessing, regular arrangements- are known to be 
anisotropic while those having a random arrangement 
show the same physical characteristics in all directions. 
In the complicated system of wood, different conductivi¬ 
ties are observed in different directions, but probably for • 
a different reason. A number of regularly arranged 
cellulose macro-molecules are bound together to mi-cells • 
which in turn probably are held together by amorphous 
cementing materials. The conducting,paths in wood are 
between the mi-cells rather than between the macro¬ 
molecules. X-ray diffraction studies have contributed 
largely to the present study of these substances of high 
molecular weight. 

To account for absorption and energy loss in dielec¬ 
trics, the presence of free electrons, free and adsorbed 
ions, and dipoles has been speculated. The ability of 
dipole molecules to absorb enough energy to attempt to 
follow the alternation of the applied electrical field has * 
been the subject of considerable discussion. It may 
well be doubted, however, that the orientation of dipole 
molecules can explain the energy loss in the molecular 
aggregates constituting the usual commercial insulation. 
The macro-molecules may be compared to long fibers, 
fixed in position and with but little tendency to follow 
the applied electrical field, even though they contain 
many polar linkings and groups. It is possible to 
conceive, however, that polar atoms or groups*of atoms 
in such molecular aggregates may be displaced from 
their position of equilibrium by an electric field, thus 
giving rise to an absorption of energy. Because of the 
nature of the medium, Characterized as it is by high 
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..inner''friction, the r motion of these oscillations will be 
.damped dtrohgly: Therefore, a displacement of the 
group lagging behind tfie applied electric'field will result 
- proVidedr its period is such that the moments of the 
* groups may revert to practically their normal positions 
. between alternations; an absorption of energy then 
Irill result. This behavior may constitute a factor which 
cannot be neglected?" r ■ - 


Jl -Properties of Materials 

^ r • r 

Probed in Dielectric Research 

er * 

o ~ " 
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-«JPR0(5EED C INGS of the second session 
of the insulation "conference held recently at Harvard 
University (see footnote) are reviewed here. Like the 
preceding session under the guidance of the subcommit¬ 
tee on chemistry, this general session was featured by>a 
“^distinct scientific atmosphere. Several papers were 
presented dealing with the electrical properties of im- 
- portant types' of simple and complex dielectric materials " 

as related to their availability as insulators. 

Results of diehctric studies on vulcanized rubber, 
containing from 2 to„28 per cent sulphur within the 
temperature range of from 30 to 100 deg. cent, and 
Within the frequency range of 60 to 2,000,000 cycles, 

" were presented by D. W. JCitchin (A’S9). More ex¬ 
pended data on the well known anomalous dispersion 
and absorption of Rubber sulphur compounds indicated 
that the theory ofdipole orientation frequently evoked 
ip. this connection requires some modification. For 
example, the' 600-cycle curve of dielectric constant 
versus percentage of combined sulphur shows no maxi¬ 
mum, but rises steadily. Apparently the agents re¬ 
sponsible for the anomalous electrical properties are 
present at any temperature, blit their response to the 
field depends upon the physical state of the material. 
In tests on samples of high sulphur content, an increase 
ph dielectric constant with temperature was observed. 
This is attributed to a polarization due to dielectric 
absorption, caused by particles having a wide range of 
relaxation times. 

A scrips Of studies on the dielectric behavior of solu¬ 
tions of cellulose derivatives in butyl acetate for the 
frequency range from lxlO 5 to 25x10 s cycles was re¬ 
ported by 0 J. B. Miles, Jr. For low cellulose concen¬ 
tration, the power factor and loss were shown to be 
accounted for completely by conductivity. This did not 
hold true for the higher concentrations, however, and 

Abstracted from papers presented at the second session of the fourth nnwimi 
conference of the committee on electrical insulation, division of ftTif fooaWng 
| and indmfrial Tesearch, National Research Council, held at Harvard 
TJxdversity. Cambridge, Mass., Nov. 13-14,1931. 


it is suggested^ that' Ure r additional loss under -those 
conditions is due to. dipole orientation* Agreement 
with Debye's theory"is lacking, though, and internal or 
molecular viscosity is: suggested as a possible cause. 

In an interesting speculative paper E. J. Murphy 
4 extended." his proposal'-of last year, that dielectric ab¬ 
sorption,„or as he'’Calls it "residual polarization" in cer¬ 
tain dielectrics, is dye to the presence of internal surfaces 
upon which ions may be adsorbed. The residual po¬ 
larization is formed by the redistribution of the ions in 
an-electric field; with increasing field, some of the ions 
may be separated from the surfaces. This would result 
•in a decreasing dielectric constant and an increasing 
conductivity with increasing field intensity, the latter 
-effect having boen Observed frequently.- The author 
supported his theory by the results ofisome experiments 
with fine powders ;-.in these tests both types of'variation 
werq in evidence. ° 

Further data on the behavior of highly pure -hydro¬ 
carbon liquids were presented in a paper by L. A. Welo 
who reported studies on normal decane, dimethyl oc¬ 
tane, and on transformer oil. n The liquids were studied 
through a series of successive "distillations and cycles 
especially designed to remove moisture, air, and sus¬ 
pended matter not only from the, liquids, but from the 
measuring system as Well. In all cases, low conductivi¬ 
ties (of the order of 10~ 18 mhos) were reached; the 
suggestion waif made that the conductivities of all 
hydrocarbons including oils may be reduced to about 
this value, and that little if any variation of conductiv¬ 
ity with structure is to be expected. When the 60-cycle 
power factors of these purified liquids were measured, 
losses about 10 6 times those computed from the conduc¬ 
tivity were observed, indicating a large initial absorp¬ 
tion or conductivity even in these purified liquids. The 
obvious explanation for this is that the application of 
continuous potential difference sweeps out a large 
number of ions which are Active in causing'dielectric 
loss in an alternating field, a picture which is supported 
by the saturation current-voltage characteristic of the 
conductivity measurements. 

Measurements of irregularities in the conduction cur¬ 
rent of insulators subjected to constant voltage were 
reported by F. E. Haworth and Ef. M. Bozorth. These 
fluctuations or "noise" were observed by amplification 
as in the Schrott effect. It is indicated that ions" or - 
electrons impinge upon the electrodes-in grpups of in¬ 
creasing amount depending upon the field strength. 
The results support the. idea that small conducting 
canals are created in the dielectric at field values con¬ 
siderably below that of breakdown and in increasing 
number as the breakdown value is approached; sudden 
discharges traverse the canals," thereby causing the „ 
current irregularities. However, the proportion of " 
total current represented by these canal discharges is 
relatively small. r 

„ A paper presented by J. C. Balsbaugh (A'23) and 
P. H. Moon (M'29) described^!) a precision bridge for 
measuring the power factor of sfcaall oil samples, (2) ae- 
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curate adjustable air capacitors* and <3) oil cells to be 
.used therewith.* Further **efin4ipents wfere c^pofted 
in electrostatic screening aud-ifi the electrical balance 
between guard ring and measuring^ electrode, points 
emphasized in the development of # the Johns, I?opkins 
badges, with the result of a stilf further increase in the 
sensitivity available in bridges of the Scherfng. type. 
Although no tests on the oils wer§ reported, it is indi¬ 
cated that a sensitivity of better than -}- or — 10~ G in the 
value of loss-angle will be available; on'account of the 
better control possible in the use of small samples, £his 
should permit further refinements in such measurements. 


• « 

111—Physical Theories 
of Dielectric Behavior 


• •• 


I 


IH THE session of the Harvard Uni¬ 
versity insulation conference (see footnote) held under 
tha auspices of the subcommittee on physics, a series of 
five papers bearing on present physical theories of di¬ 
electric behavior was presented. In the first of these, 
W.. F. G. Swann, drew a series of analogies amongst the 
accepted mathematical developments of the theories of 
steady currents in conducting media, electric induction 
in non-conducting media, and magnetic conduction in 
magnetic media. Formal expressions for the funda¬ 
mental phenomena in these three fields are known to be 
quite similar. It was shown, however, that there are 
certain'aspects imposed by ihe restriction to constancy 
of specific resistance, constancy of permeability, and 
similar factors, and *also by the nature of the mathe¬ 
matical solutions, which raise some question as to the 
complete accuracy of many accepted relationships. 
Notably, it is shown that in the general case of simul¬ 
taneous electric and ^magnetic fields, it is possible to 
have,at a surface of separation between two media, 
physical conditions which are not consistent with the 
•usualassumptions made in this case. 

As is well known, attempts frequently have been 
made to draw direct analogy between the properties of 
dielectrjps and those of ferromagnetic materials. In 
discussing this question, H. Miiller pointed out that the 
parallelism between Langevin’s theory of paramagne¬ 
tism and Debye’s theory of polar molecules, suggests 
the possibility of finding insulators with dielectric 
properties analogous to the magnetic properties of a 
ferromagnetic substance. He concludes that such 

Abstracted from papers presented at the third session of the fourth annual 
conference of the committee on electiical insulation, division of engineering 
and industrial research. National* Research Council, held at Harvard 
University, Cambridge, Mahs.t Nov, 13-14, 1931. This sessioh was 
sponsored by the subcommittee on physics. 


insulators may exist if <1) the substance contains & 
large number of polhr molecules^and the temperature is’ 
below the critics! . Curie value, and (2) the polar mole¬ 
cules are able to rotate without association. In support ,~ 
of these assumptions, measurements of the Kerr effect 
9 in Rochelle salts were reported. V 

A series of direct measurements of the relaxation 
tiipe of abietic acid within the temperature range from 
.10 to 50 deg. Cent, were reported by J.»B. Whitehead 
(FJ-2) with corresponding measurements of dielectric 
loss. The method .of analyzing ^dielectric losses which 
permits the separation of components (reported byV 
A. Banos^ Ji\ later in the same session} was utilized for , 

* comparing the experimental behavior of abietic acid* 

* with the expressions proposed in the "Debye theory of 
polar molecules, and with'those of the Mkxwell* theory 
of dielectric absorption. It was shown that’ within the 
temperature range mentioned, the relaxation time is not ~ 
continuous and that if polar molecules arc involved, at 
least two types are present*? The results „in ‘general, 
indicate a behavior , in resin-more ih accord with^the 
Maxwell theory of dielectric absorption, with progres¬ 
sive changes in conductivity and in viscosity accounting 
for the observed changes in dielectric loss. On the 
other hand, the experimentally observed change in* 
dielectric constant apparently is not accounted for by * 

* either theory. • 

An interesting series of studies on the oxidation of 
insulating oil was presented by H. Ho Race (A’24). ^ A 
certain commercial oil was separated into nine samples; 

. these were’heated in contact with air at different 
temperatures for different lengths of time under which „ 
' conditions studies were made of a number of properties " 
such as conductivity, dielectric loss, -spreadability on 
water, acid number, and 9 viscosity* The results on 0 
oxidation were discussed from the staifdpoint of Debye’s 
theory of polar particles, with conclusion that the num¬ 
ber of the particles varies rather than theft size. Other 
studies of the correlation of various properties also were 
given, with the conclusion that the spreadability test in 
conjunction with the variation with frequency of dielec¬ 
tric loss under oxidation fire the most promising methods 
for studying progressive changes in insulating„oils. 

Detailed results of an analytical study of the method 
for utilizing continuous potential charge and discharge 
currents observed by the amplifier oscillograph "for" 
the prediction of dielectric behavior under alternating 
stress, were reported by A. Banos, Jr. It was shown 
that if the portions of these oscillograms for an initial 
time interval corresponding to the period of the alter¬ 
nating cycle be employed, the current variation may be 
expressed as the sum of three terms, each containing 
a negative exponential of the time. This expression, 
when substituted in vonSchweidler’s equations, per¬ 
mits the computation of dielectric losses which agree 
almost exactly with actual measurements. The analyt¬ 
ical study with accompanying curves and measure¬ 
ments of loss, power factor, and capacitance, show the 
reliability and accuracy of the method. 
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IV—Dielectric Research 

Presages Cable Improvement 


tions, requiring**as they* dp the use of a-condenser as a 
priifiar^. standard, npfc*oh|y involve precise electricals 
measurements, but also hecessitate a fundamental study 
©f both the condenser and its electric field. c 

In tfto papers, J V B. Whitehead "(F’12) reported fur- 
* ther experiments at Johns Hopkins University on the 


T r * 

r HE FINAL SESSION of the insolation 
conference held recently at Harvard University (see* 
footnote) was devoted more to the practical engineering 
^/application of dielectric materials: Ten papers were 
presented, all of which are reviewed briefly. 

% In a paper fentiCled “The Electrical Properties of 
. Impregnated Cable Paper and of Ionized Gas Films,” f 
C V L. Dawes (M^5) presented the results of an extended 
series of/iielectrie loss measur&ifents in impregnated 
paper as related to voltage, frequency; an<f temperature 
variation. B6th sections of cable and laboratory sam¬ 
ples with air layers^- w&re studied. Several empirical 
laws wereVeported, notably for the change in the type 
of variation with temperature and Tor the nature of the 
loss caused by the presence of “iQnization” films. 
Studies such as this involving as it does investigation^, 
r into the effects of the characteristics of a dielectric’s 
component parts upon its Behavior as a whole, have 
come about from a recognition of the structural non-, 
'homogeneity of dielectrics and have had an important 
bearing upon the^ recent great improvements in com¬ 
mercial products. . ■ ■ * «. . 

The apparent presence of an appreciable power 
factor (of the order' of 1*0- B ) in the air capacitors such ' 
• as those used in dielectric loss measurements, was 
brought out by J. C. BalsbaUgh (A’23) and P. H. Moon 
r(M’29); the importance of making allowance for this in 
a-c. bridge measurements using such capacitors was 
emphasized. This condition is attributed to gas, either 
adsorbed in the electrode surfaces or forming layers 
thereon, a belief supported by changes in power factor 
Which: took place when the air pressure within the 
capacitor was varied. Influence of variations in the 
electrode material, and of diferent types of surface 
layers of the same material also were studied. In the 
discussion; two speakers, one of whom was from the 
U.S. Bureau of Standards, reported experiments on this 
^subject ; in neither case was evidence of the presence of 
power factor in capacitors discovered. 

Defelopirient of the sensitive measuring equipment 
■: used in this study of residual losses in air condensers 
v.V-c^e;|f?t>iit as a direct consequence of the improvements 
in dielectrics which resulted in requests from utility 
v: ; engineers and manufacturers for equipment capable of 
making; adequate measurement as improvements are 

The more obvious imperfections of 
f air condensers that have caused some trouble to earlier 
^ Ifivestigators were fully eliminated; present investiga- 

Abstracted from papers presented, at the fourth session of the fourth annual 
conference of the committee on electrical insulation, division of engineering 
and industrial research, National Research Council, held at Harvard 
TJniver8ity,Oatnhridge,Mass.,Nov. 13-14,1931. 
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properties of impregnated paper used in high voltage 
cables. The first one described how, by measurements 
with the amplifier oscillograph of the" short time d-c. 
conductivity ahd absorption of the oil and the paper 
separately and in combination, it is possible to follow 
the separate influences of each on the behavior of the - 
final product very much more closely than heretofore. 

, New evidence was presented as to the correlation be¬ 
tween the physical characteristics of the oil and the 
separate components of the total loss in impregnated 
paper. The method used was an accelerated life study, 
samples being tested by the application of successively 
increasing voltages, starting with 400 volts per'mil. A 
highly refined light oil showed a life greatly in excess of 
mbst of the other oils studied; second came an'oil of 
naphthene base; thereafter, in ar group in which.the 
variations in life were not great) came a number of oils 
commonly used in cable manufacture. In the discus¬ 
sion of these results, it Was indicated that while the 
electrical characteristics and the life of the light oil were 
of high order„pils of this type were not suitable <for 
practical use because of their rapid deterioration, both 
in the process of manufacture and under those condi¬ 
tions pertaining to cable operation which are not present 
. in laboratory studies. Another interesting result was 
that although the naphthene base oil had relatively 
long life, its power factor and loss were so high .as to 
render its use in cables prohibitive. The results in 
general emphasize the fact that while oils of highly 
desirable characteristics and long life may he obtained, 
it may be impossible to use them practically,-because of 
the limitations imposed bythe handling and operation 
of cables in long lengths. 

The second of these* two papers is a part of a series 
involving a study* of the electrical characteristics of 
condensers made with commercial or semi-commercial 
materials *and prepared under ,.accurate laboratory 
control of conditions varied according to a prearranged 
schedule. 'The resulting data are adding materially, to 
existing comprehensions of dielectric characteristics. " 

Interesting results on the influence of high oil pressure 
upon the electrical endurance of cables were reported by 
J; A. Scott (A’25). Experiments were made both on 
cables and on sheet paper immersed in oil. " By the ‘ 
application of a pressure of 80 lb* per sq. in. above 
atmosphere, the dielectric strength of the cable was 
found to be doubled, with a similar though lesser in- - 
crease observed in the sheet paper experiments. The 
effect of pressure on the strength ot cable insulation 
containing voids or bubbles has been recognized fully 
and studied extensively, but the meagerness of earlier 
data on the subjqqt discusse<f % the author adds to the 
importance of his^iributions. Full development of 


the laws governing the effect ttf pressure on dielectric oi|s such as used for the impregnation of paper? in the * ■ 
properties is. important botH from the standpoint of experiments the oil,was subjected to Corona ^discharge,, 
dielectric theory and from that of practical application, the gases formed thereby forcing the oil into a power 

A.discission of the volt&ge-tiflie characteristics of, factor measuring chamber. From the latter, the oil *due 
saturated paper insuJatiori next was presented b^R. W. to its own weight flowed back into the original discharge 
Atkinson (F 28) accompanied by nSw data based upon - chamber, thus permitting a circulating action and con- 
extensive experiments on the breakdown life, of cable tinuous observation. The results showed a marked in- * 
samples under impulse and accelerated voltage step crease in the dielectric loss with duration pf corona 
experiments. * The results show Qlearly the limitation exposure. In the case of a water^white paraffin-base 
of the commonly-used straight hyperbolic voltage-time oil, in thirteen hours the power factor increased from 
relation, and the wide error which may result. The p?4'to 4.1 per cent. The exact nature of the increased 

* experiments- reported indicate that within the range of loss is under further Investigations v 

from 5 mm. to 500 hr., the voltage-time relation is more The occurrence of ultraviolet light and X-radiation*^ 
closely represented by a formula in which the break- ^ from gaseous discharges within the*body of insulation." 
down gradient is made up of two terms: (1) a constant ^ were topics discussed by E. B. Baker and R.'F, James.* , 
term representing.the voltage which the insulation will These types of radiation are thought*to,be caused W 
stand for indefinite time, ^nd (2) another term inversely electrons and ions faffing through high local stresses 
proportional to a root of time varying from 1.5 to 4. before collision wfth the matter. Experiments were 
Especially interesting were the studies of breakdown reported showing that the production of such radiation 
under unpuke voltages, these indicating values very usually is associated with unequal potential'distribution 
much less than those computed from the law just stated, in the dielectric, a condition'often noted. - Importance 
Indications are clear therefore that formulas of this of the question lies in the possible deterioration of the 
typer are suitable only for studies on the same type of dielectric structure by the ultraviolet and X-radiation.' 
material and within a range of.time in which they are . ^Further results of the continuous study of cable 
known to be applicable. The obvious suggestion is that performance and quality were outlined by* D. W. Roper, 
the impulse breakdowns are perhaps of straight elec- (F'14) these being carried but on the cable systems and 
tncal character, whereas the breakdowns under sus- * in the laboratories of the Commonwealth Edison Co. 
tained voltage involve other factors such as perhaps (Chicago) and correlated with factory tests. 'The records 
local liberation of internal heat. Other data indicate of nearly 300 miles of 66-kv. cable and a large amount of 
that high-density-papers have higher dielectric strength 33-kv.> three-conductor cable over a number of years 
than^lower-density papers within the time range men- are reviewed and a number of important deductions 
tioned. Another striking fact is that great variation in made. Two accelerated life or'aging tests are discussed* 
the shape and slope of the voltage-time curves are found One of> these, involving a test voltage of about twice - : 
with different types of impregnating material; thus the operating voltage and with'cycles of heating and cooling, 
curves for different compounds may cross not only is much more discriminating and valuable than a test, 
once but even twice. These data help to indicate the at high voltage and without heating, cycles. It gives 
inaccuracy of comparing Jhe qualities of dielectrics results consistent with practical cable operation; this 
without faking into accoilnt these variations in the correlation with extensive operating experience is sug- 
shape of the voltage-time curves. gested as establishing the test as an adequate method 

An exteifkiye series of studies.of high voltage cables of proving the satisfactoriness of any given type of cable 
under operating conditions, involving daily measure- to meet standard operating conditions. While the es- 
ments .of power factor; loss, and ionization through tablishment of such a t§st and its relation to operating 
temperature cycles ^and at excessive voltages, was performance is an important adjunct to effective future 
reported by R. J. Wiseman (F’27). A feature of this developments, it emphasizes the necessity for the de- 
paper was the description of the laboratory arrange- yelopment of a laboratory test to predetermine the 

• ment.and testing equipment which provided for testing stability of an impregnating compound under service- 
cables carrying heavy current while under voltage stress, conditions, and for a factory test adequate to eliminate 
The cable ends were* sealed and internal oil pressures sections of cable having local imperfections. 

were measured as were the dielectric losses and the dura- Cables performing perfectly under normally heavy 

tion of cable life. Based upon an illuminating eontinu- loads were shown to have been those saturated with a 
ous record of the # experiments, the author discussed tacky impregnating compound which in two cases con- 
various factors bearing on cable behavior and the im- sisted of a mineral oil and in the other two, compounds 
portance of improvement in methods of studying and containing rosin or rosin oil. Presence of rosin or rosin 


controlling these factors. Significant data also were 
given as to bursting stresses to which the lead sheath 
was subjected by the load cycles imposed. 

The deterioration of oils under a-c. corona discharge 
next was discussed t>y ; Kr S. Wyatt, in continuation of 
his work on the deterioration of and wax formation in 


oil, however, does not necessarily mean that a compound 
will be satisfactory for fully loaded cables; but all cables 
having a perfect servicerecordwithnormally heavy load¬ 
ing for long periods, had a low ionization factor. For 
lightly loaded cables these same qualities seem desirable, 
but apparently not as necessary. 
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Core Loss 
at High Densities 


c r 

Modern electrical machines employ fluvc 
densities r in excess of those previously 
measurable by routine methods. ■ The 
refined method now available for densities 
up to ^pOG^gausses therefore is recom¬ 
mended for adoption as standard. 


- r c . 

— By , - , 

B„M. SMITH 

^ Associate A.I.E.E. 

- - f. tONtdRDIA General Electric Co., 
Associate A.I.E.E. Schenectady, N. Y. 
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IREATER . ECONOMY . and effi¬ 
ciency of’electrical apparatus require a better knowledge 
of ^the eore losr. values for magnetic sheet steels at high 
flux densities than heretofore has been available. The 
Epstein method adopted as standard by the American 
Society of Testing Materials is at present the rSutine 
method of making core Joss measurements* at normal 
densities. However, it is inadequate for measurements 
S-t densities above B = 14,0Q0 gausses, and refinements 
have now been worked out in the new scheme which 
fhake it possible to e extend ttfe core loss measurements 
on sheet steel up to B — 19,000, and on some sheet 
steel up to B — 20,000. Although previously a sine 
wave of applied voltage has been necessary for accurate 
measurements, the new method does not require the 
maintenance of a sine wave of induction in order to 
obtain a true measure of the maximum flux density. 

The over-all accuracy of the measurements obtained 
by this new method approaches the accuracy of 2 to 3 
per cent specified for the standard Epstein apparatus 
and is well within the accuracy of sampling sheet Steel* 
Because of its accuracy, simplicity, and convenience, 
this method is recommended for. use as the standard 
method in core loss measurements, so that routine ac¬ 
ceptance tests may be extended to the high flux densi¬ 
ties met in actual practise. 

The testing equipment used for obtaining core loss 
data at hijjjh flux densities consists of an alternator of 
sufficient capacity, an Epstein testing frame, an am¬ 
meter* a frequency meter, an r.m.s. voltmeter* a flux 
voltmeter, and an astatic reflecting electrodynamic 
/wattmeter, connected as shown in Fig. 1. All of these 

Based ’’Core Loss Measurements at fflgh Eliirn ftuiirtt.Tfti; ” (No. 31 - 77 ) 
presented at-the A.I.E.E. North Eastern District, meeting, Rochester, 
N.V)/Aprll 29-May 2,1931. 


instruments except the flux voltmeter and the watt¬ 
meter are included in the present routine test equipment 
as described in the A.S.T.M. specifications. The watt¬ 
meter, while not a portable instrument, is commonly 
used iif laboratory testing. The flux voltmeter consists 
essentially of a rectifier and a d-c. voltmeter of the 
D’Arsonval type, so that the indications are directly 
r proportional to^he maximum flux density in the test 
specimen regardless of the wave shape of the induced 
voltage. 

The method previously in use requires that a har- 
„monically varying induction be set up in the test sample 
by the application, of a voltage of sine wave form across 
the magnetizing coil of the tqst frame. This method 
cannot be applied accurately to high density work. 
The chief difficulty is the large magnetizing force which 
causes (1) a distortion of $he flux wave, (2) a large 
flux in the test coil and (3) a low power factor." 


Distortion of the Flux Wave 




The distortion of* the flux wave operates as a source 
of error in two Ways: First, r if the maximum flux 
density B m is determined by an r^n.s. voltmeter in the 
secondary circuit according to the well known formula, 
based on a Sine wave voltage, the result, will be errone¬ 
ous. Secondly, it introduces additional losses in the 
specimen due to high frequency components of the eddy 
currents. The theory of the method of determining the 
maximum flux density regardless of its wave shape is 
based on the following: -■ * 


1. The maximum alternating flux density is proportional to the arithmetic 
average value of the induced voltage regardless of the wave form of the 
voltage. 

2. If an. alternating voltage rectified without changing the wave shape is 
impressed on a d-c. voltmeter of the D’Arsonval type, the. instrument 
indications are proportional to the arithmetic.average value of the rectified 
wave which is the. same as the arithmetic average of each half cycle of the 
unrectifled a-c. wave. 


Measuring the average voltage (i. e:, the arithmetic 
mean value of a half cycle of the voltage wave, corre- 
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sponding to -the point of extreme variation of flux in the 
^..associated flux wave) instead o£#ie r.m.s. voltage elimi¬ 
nates the previously mentioned ^rror in the measurement 
of B m aryl makes it possible to determine,the. true 
ipaximum value of the flyx irrespective of the distortion. 
% .It should be noted thqt wheh S„ u is correctly deter-* 
mined, the hysteresis component of the core loss also 
is correct, the error in the measurement being entirely 
in the eddy current loss. Since the total eddy current 
loss is in general a much smaller quantity than the 
hysteresis loss, it is obviou§ that the correction to ‘the 
eddy current loss is a correspondingly small percentage 
of the total loss. The error in the measured loss cannot 
be eliminated but can be corrected readily by any one 
o t a number of methods. The simplest and most rapid' 
of these^is the per cent eddy method, as it requires 
fewer test data and calculations. The accuracy is .well 
within the limit of measurements and the method 
therefore especially is recommended for routine testing. 
In this method, the percentage of eddy current loss for a 
sine Wave of induction is assumed based on data ob¬ 
tained on similar material. The sine wave core loss 
is calculated by the relation 

o- W/lb X 100 

Sme-wave W/lb. = 


4 * ' 

a ¥ ea - This necessitates* correction for voltageunduced’ 
the a ^ r flhx. At lowAnagtfetization values this is 
negligible, but at high flux densities when the magnet¬ 
izing force required is large, the correction- is appre¬ 
ciable and must be applied as described below. 

The total voltage induced in the potentiai coil- is* 
given by the^formula * . * 


‘where 


E = Ei + B* 


h +.ke 


' E = the r.m.s. value of voltage required . * 

'Ei = the voltage induced' by the flux in the core \ 

E a = the voltage induced by the flux in the air space * > 

• - , 4 . 4 

E a is called the* space factor correction voltage: 
This often amounts to 4 per cent of total voltage at the * 
highest H values, and if ignored would produce a 
corresponding percentage error in the flhr density. 
Since the voltage *E to be maintained always is computed - 
on a sine-wave basis regardless of the-form of'‘the 
induced voltage wave, we have * ‘ \ 

Et =4.44 B N A F10-* V * - 

E a = 4.44 H N (a — A) F 10~ 8 , whence * 

E = 4.44 N F llOH (B A + H (a —A)) * • • 

in which * 


where 


•» 


t 

h 


\ assumed per cent eddy current loss 
100 - c or per cent hysteresis 
. ... 

■ ratio 


A " E ) 


B 

N- 

A 

F 

a 

II 


Er.ni.s. = the r.m.s. value of the induced voltage 
E* - tlio average value of the induced voltage 

The form factor k can be computed from simul tan eo us 
readings of the r.m.s. voltmeter and the flux voltmeter. 
The area enclosed by the potential coil of the 
Epstein test frame necessarily is larger than the sample 


» 



“ maximum flux density in the iron 
=* potential coil turns 

=» area of test sample in sq. cm. „• * * 

= test frequency in cycles per sec. 

= area enclosed by potential coll in sq. cm. <v 
" 1,1 gausses. This is equivalent to the magnetizing force in 

gilberts pot cm. For the purpose of cpmputation, the value of H is 

material tak ° n fr ° m & d_C ' magn “ tizatl ^ n curve of representative 

• . • • * •* 

The low power factor of the circuit emphasizes the* 
small phase angle error inherent in .every wattmeter 
and also requires, that anmstrumept of large current" 
capacity and high sensitivity be uSed. The desired 
characteristics are obtained by the use of a suspension 
type. astatic reflecting eleetrodynamifc wattmeter. 
This instrument by its high sensitivity permits the use 
of a current coil of few turns of heavy cross-section 
conductor. It also permits a potential coil of few turns; 
that is, a very small inductance* and a comparatively 
large resistance. . ;/ . • 

At first it was expected that the non-uniformity of 
the flux distribution over the length of the sample 
might be a source of considerable difficulty. Tests,** 
however, have shown that the non-uniformity at high 
flux densities is no greater than at the moderate densi¬ 
ties for which the Epstein apparatus was designed; 
therefore it was assumed that for the present error from 
this source could be ignored. 

The test procedure is essentially the same as that for 
testing-at normal densities. A 10 -kg. sample of 50 x 3 
cm. strips is made into four bundles and inserted in the 
test solenoids with paper separators at the "joints as 
described in the A.S.T.M. specifications. The steps are 
then carried out as previously described. 

Some illustrative core loss curves obtained by the 
routine method are given in Fig. 2. The characteristics 

* 
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of these curves at hig]j. flux densities when compared 
to those at normal densities show the value of these 
r measureihents; the reversal of the silicon steel curves 
confifms what was theoretically expected but seldom 
. shown. It is interesting also to note the effect of scale 
on the losses at higji flux density as illustrated by the 
two curves of 3.4 per cent silicon steel; one represents 
the losses before pickling, and the other, the losses after 
removing the scale. The benefits of this treatment ar/V 
shown by the»measurements to be obtainable only at 
^high flux densities. 

Th§ accuracy of these measurements approximates 
' .-very closely the Accuracy of the Epstein apparatus 
- under the’rformal test conditions at B = 10,000. This r r 
was demonstrated by tests uping both sine and distorted 
waves ayj?is density. Excellent agreement was found 
between the sine wave core loss and The corrected losses Fig.' 1. (Above) 
obtained with r distorted waves. r Interior view of 

The method,, described is adaptable to the widely panel type arc 
used Epstein equipment, Combining all the advantages welded framing 
of simplicity, convenience, expeditiousness, and 
accuracy of that method. In addition, it may be 
extended into much higher densities. Therefore it is 
f recommended for use as the standard method for core 
loss measurements in ordef that routine-acceptance 
tests may be made at flux densities more nearly equal¬ 
ling the highest working densities of modern machines. 



General EieC\ Co. Photo. 


during course 
construction 


of 


Residences with V 

Arc We(ded Steel Frames 


Fig. 2. (Right) Arc 
welded house frame 
being fabricated on 
the job from standard 
structural shapes 
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kRC WELDED steel framing for 
dwelling houses is representative of some of the recent 
experiments ifiModern building construction. Many 
advantages are clanfied for the welded type of eon- 
stmction/ampng hhenl being : rapidity and noiselessness 
of construction, flexibility of design, 
solidity, low rate ofdepreciationand. a lower insiiranfce 
* rate resulting from the ^proof construction which this 
method makes possibles is more important is 

the fact that all of these advantages may be realized 
withpTfl: ;a^ indrease in cost over older 

methods of cofisifuetion. --/C 
T%o methods of constatiction are indicated in the 
two iflustratio^ These do not represent any freak 
V new materials but embody only tried 

and proved engineering principles and construction 
methods already bang applied to larger and taller 
buildings. Interior and exterior appearances of the 
finished houses are no different from those of similar 
houses built by older methods) but notwithstanding 
this the possibility for individuality in the design and 
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layout of arc welded frame dwellings is thought to be 
greater than that allowed by present construction. 

The entire framework including all interior partitions, 
of the house shown in Fig. 1, wasrmade up of standard 
sized panql frames previously fabricated in the welding 
shop. As may be noted, duplicate frames were used r 
throughout, these being tied together, with spaders to 
provide standard wall thickness* Two sizes of panels 
were used: namely, 2x9 ft., in wall sections without 
windows or doors, and 6x9 ft. for sections ihcluding 
window* or door openings. Gable sections were fabri¬ 
cated in the shop, then trucked to the building site 
and welded to the framework proper. 

A somewhat different type of construction is illus-" 
trated in Fig. 2; in this case standard steel shapes de¬ 
livered to the building site like lumber were used 
throughout without shop fabrication of any kind. 
Three workmen erected the«10 tons of steel required 
in this building with no other tools than squares and 
the usual arc welding equipment. 
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NTERPRETIVE abstracts of the ma¬ 
jority of papers to be presented at the A.I.E.E. winter 
convention (January 25-29, 1932) are presented here- 
with, excepting only those papers pubhshed in this, 
issue of Electrical • Engineering “and those- not' 
available for publication at the closing date of this 
issue. Abstracts of the remainder of winter convention 
papers are scheduled for publication in the February 
issue. • “Members vitally interested and wishing to 
obtain immediately pamphlet copies of any available 
papers are requested to use the order form appearing 
on p. 70 of this issue. In response to popular demand 
and**within its space’limitations Electrical" Engi¬ 
neering subsequently may publish certain o£ these 
papers, or technical articles based upon them. 


Jhe theory of 
• * Oil Blast Circuit Breakers 


By 

D. C. Prince* 


New High Speed Distance 
•* Relay Wit|j- Impedance- 
• Reactance Characteristic 


By 

S. L. Goldsborough 1 
W. A. Lewis* 


I HE TW0 general types of distance relays for isolation 
of faulty sections of transmission line are impedance relays, oper¬ 
ating upon the impedance of the line between the relay and the 
fault, and reactance relays,.operating upon reactance alone. 
Each of these types has certain advantages as well as certain 
disadvantages; it is the purpose of this new relay to combine the 
principal advantages of both types. • 

The impedance relay is fundamentally more simple, and can 
be made to operate at a considerably higher speed. However, 
the presence of accidental «re jesistance at the point of short 
circuit increases the impedance as viewed from the relay, and 
makes the fault appear more distant than it really is. On the 
other hand the reactance relay is affected to a less extent by the' 
prepence of arc resistance, but in general requires a more eom- 
* plicated structure which does hot lend itself readily to obtaining 
high speed.. Furthermore, additional features are required to 
prevent the operation of* this type of relay under normal load 
conditions'. Difficulty is also experienced in making the a uxiliar y 
features operate properly in all cases. 

Although a relay of this new design can be made to operate as 
a pure reactance device, it is beheved that more salasfaotory 
operation can be obtained by an intermediate characteristic. 
This modified characteristic permits a relay to be obtained which 
combines the mechanical simplicity and inherent possibilities of 
high speed of operation, so desirable where stability is a factor, 
and the greater independence of the reactance type relay from 
the effects of fault resistance on the shorter lines. (A.I,E,JE, 
Paper No. 32M1) 

-------- 1 • -1-"I- 
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IRECT experimental proof of the oil blast theory o* 
arc interruption has been assembled. A circuit breaker has been 
constructed having oil driven between its electrodes at a measur¬ 
able velocity, and testa show that "a correlation exists’between 
the rats of recovery voltage rise and oil velocity. ''This correla¬ 
tion corresponds to an oil dielectric strength of £5 kv. per 1 /10 in. 
of oil. To determine whether or not this correlation is accidental, 
relations between voltage and oil velocity and between current 
and oil velocity have been studied, but ^correlation does not 
appear. Impulse testa also have sheen made on clean and car¬ 
bonized oils. 

Comparative data ace available for various methods of forcing 
•the oil blast between the electrodes. It has been found that at 
the current zero there is a correlation between voltage recovery 
rates and chamber pressure, "This result is surprising since the 
relation between pressure and oil flow are complicated by the 
circuit, of passages, back pressure due to oil head and gases gen¬ 
erated by the expelled arc. * ' 

The laws which govern all variables involved in the design of 
oil bias#; circuit breakers are known with the exception of-the 
amount of energy developed by the arc, and even this factor has 
been observed empirically. Although considerable refinement 
of the oil blast theory remains to be done, as a whole it rests upon 
the secure foundation of comprehensive tests and calculations.* 
(A.I.E.E. Paper No. 32-8) 


The Practical Application of the Oil Blast 
Principle of Circuit Interruption r Y m . s P urck* 

Developments in theory, calculation, and "test 
results of circuit interruption by means of the oit blast, have 
placed new tools in the hands of designers? enabling them to 
oenstruot apparatus of greater efficiency and consistency of 
performance than heretofore possible. Various applications of 
these new methods have been made to circuit breakers of all 
classes and voltages. Circuit breakers equipped with the oil 
blast device show consistently short arc lengths and unusually 
short periods of are duration, even at high rates of recovery 
voltage rise and over wide ranges of current. The result o f this 
is that contact burning and oil deterioration are minimized and 
maintenance is greatly reduced. The rapid arc extinction char¬ 
acteristic of the oil blast design makes it admirably suited to 
breakers requiring high speed of operation. 

. In most types of circuit breakers, the method of securing the 
oil blast is by having an auxiliary gap which opens first and by 
means of the ate formed generates gas to create pressure within 
the chamber. As the main gap opens, the pressure generated by 
the auxiliary gap is forcing oil at hi^h velocity through the main 


3. General Electric Company, Philadelphia, Pa. 
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gb>p and dovm tbrougji the eontact r^id so that the are productscn 
the main gap are replaced frith solid oil »f high^nsulation value 
which resists puncture by the recovery voltage and at an early 
current zefo prevents further current flow. In a new circuit 
breaker of very high operating speed the oil blast is Obtained, 
not by the generation of gas in an auxiliary blast but'by a piston 
• ae£inf* fn a cylinder containing oil. (A.I.E.E. Paper l$o.* 32-9) 


3. The recovery of dielectric st*sngpth following a currant zero by an a-c. 

arc subjected to turbulence takes jilaceWn two conse^xtive phases; the first 
consisting/* a very rapid r^»\%ry to a substantial value in a few micro?'* 
seconds, and the second of a veity.much slower further rgcovery for a much 
longer period. • « • • 

r . • o « 

4. At lea^f one practical*gas blast circuit interrupter, the expulsion fuse, 

exhibits a vqit-time interruption characteristic Vhich clearly indicates tfyf 
f roleofgastufbulenceinitsoperStion. (^l.I.E.E. Paper No. 32-11) 


Recent Developments 

# 

* in Arc Rupturing Devices 


By ... 

R. C. Van Sickle/ 
W. M. Leeds 2 


'The EXTINCTION of an a-c. arc by the deion grid 
method has been very successfully applied during the past two 
years to til#* design of an extensive line fif arc rupturing devices 
for oil circuit breakers of. all voltage cIass&/> Refinements have 
beep made in thO theory of operatioh of deion grids and in the 
eonstniction of 'several types. Field operation and special tests 
have given much information regarding these devices. 

With the dexon grid circuit breakers the arc in oil is drawn 
through a narrow insulated slot open at one end, and magnetically 
fdrced into a series of oil pockets. The gas generated can escape 
only by passing through the arc stream so that the are is subjected 
to a continuous turbulent blast of fresh un-ionized gas. A dielots- 4 * 
'Sric strength of perhaps twenty times the are voltage is estab¬ 
lished within a very few microseconds, and is further increased 
as deionization continues with the aid of the gas blast. 

Laboratory <tests have shown that the replacing of plain or 
quick-break, contacts by deion grids reduces the duration of 
arcing on a 66-lev. ci?cuit to only from 1/4 to 1/7 of the former 
arcing time, while the arc energy was only from 5 to *10 per 
cent of the values associated with the old style of contact. 
Similar results have been Observed with circuit breakers for 
-all other classes of service. These results mean great ynprove- 
ment in system stability, reduction in contact depreciation and 
oil deterioration, and make possible long periods of service 
Vithout maintenance to the circfiit breakers. (A.I.E.E. Paper 
No; 32-10) 


High Voltage Bridge 
for Measurements of Cables 
r with Grounded Sheaths 


By 

C. L. Dawes 4 
A. F. Daniel 4 


r O' . • 

PRECISION bridge measurements are now in use for 
measuring the dielectric properties of cables when the current 
through the dielectric ^an be conducted directly from the sheath 
to th<5 measuring apparatus. As a rule, however, these methods 
cannot be applied to cable with sheaths in electrical contact with 
ground. There is one method in which bridge measurements are 
m|de of all system losses, with and without the test cable con¬ 
nected in the circuit; the difference gives presumably the power 
loss in $16 cable dielectric. This method does not give the cable 
electrical properties (power, power factor, and capacitance) 
directly? and special precaution must be taken in connecting the 
cable. „ • 

There has been developed a bridge method which does measure 
directly, and with a high degree of precision, the values of the 
electrical property of the test cable even though the sheatff of 
the latter may be grounded. In this method, a four-arm bridge 
consisting of a standard air condenser and some condenser or 
cable other than the test cable is first balanced, with the terminal 
of the galvanometer at the condenser or cable grounded. This 
• balances all system losses to ground. Then the bridge ris re¬ 
balanced with the test cable connected in circuit! After this 
last balance, none of the current through the test cable c%n flow 
to ground, but must flow through its appropriate bridge arm. 
The dielectric measurements and also the cable properties thus 
are read directly from the bridge balance and do not involve 
correction for system losses. (A.I.E.E. Paper No. 32-12) 


Extinction of A-C. 

Arcs in Turbulejit Gases 


By 

T, E. Browne, Jr . 2 


A High Sensitivity, 
Power Factor Bridge, 


rs ^ 

By* 

W. B. Kouwenhoven 6 
A. Banos, Jr , 6 


. In CIRCUIT breakers employing arcs submerged iji 
liquids such as oil, carbon tetrachloride, or water, the surrounding 
liquid surface serves both to restrict the arc space and to fur nish 
a gas blast by rapid decomposition under the influence of the 
high temperature arc. The fiber tube of the common expulsion 
fuse acts in a similar manner. In the liquid circuit breakers, 
various devices are available to increase the interaction between 
arc and liquid, thus aiding in arc extinction. 

The results of recent experiments to obtain conclusive evidence 
of the actual : mechanism of such action reveal the following 
facts: 

1. In general? the interrupting ability of an a-c. arc is greatly improved by 
turbulent motion of the arc gases, in a fast circuit this improvement in¬ 
creasing almost in direct proportion to the gas velocity from which the 
turbulence results. /. 

;2. The interrupting ability of a turbulent a-c. arc depends very largely 
npOn the composition of the arc gases, most gases being decidedly superior 
,'tto air in this respect. 


A-C. BRIDGE of high precision has been ‘devel¬ 
oped for power factor measurements in an investigation of -the 
properties of cable compounds and papers and of the character¬ 
istics of cables that occur after impregnation. The bridge, a 
modified form of the Sobering bridge, possesses several novel fea¬ 
tures and advantages. The detecting instrument is a nSoving coil 
a-o. galvanometer with field excitation supplied from a plfase shift¬ 
ing transformer permitting independent ratio and phase-angle 
balances. A Shielded transformer electrostatically isolates the 
galvanometer from the bridge circuits. This bridge is com¬ 
pletely shielded and guarded. -•> 

The analytical theory of the resulting mesh connection has 
been developed in a general manner so thaif this mathematical 
treatment may be applied to any similar network. Complete 
study has been made of the effects upon the balance relation of 
various sources of error, such as for example, failure to balance 

4. rfarvardUrivertity, Cambridge, Mass. * 

5. Johns Hopkins University, Baltimore, Md,, . * / 
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guard-circuits properly and the pretence of feakage resistance 
between measuring, and gpard*circuij». Experimental veriSea- 
-bation of the equations has beeft priced. Power factors of 

n P ^nn 1 - n !°L e ^ me . material havti been ^measured ranging from 

« * 3 ' 16 Wlth a raaximum variation of ± UOO0OO5.* 

(A.I.E.E. Paper No. 32-1$) , _ 


b^as heavy and sturdy as desired without affecting the basic 
element or measured circuit in any vay. In general, anything* 
which can be indicated can be recorded continuously by means of 
the pho toeleetric recorder. It is self-compensating for all normal 
changes in supply voltage, lamp illumination, and pliotron and 
* Photoelectric tube characteristics, and is of an extremely hi g h 
accuracy.*^ (A.I.E.E. Paper No. 32-15) % 


Power Factor Measurement . 
by the Capacitance Brieve 


By* 

R. P. Siskfhd 4 


SEVERAL types of capacitance bridge for the mea¬ 
surement of both capacitance and power^actor of dielectric speci¬ 
mens are in use at the present time. Some of tWe make a direct 
comparison between the capacitance under test and a standard 
capacitance. For accurate power factor/measurements upon 
dielectric specimens at low voltages and ddio frequencies, how¬ 
ever, a substitution method is generally preferred. Two sub¬ 
stitution* methods which may be referred to as the “direct” and 
the “parallel” jtre eomm^ily employed. With each method, a 
small change in the phase angle of the arm of the bridge circuit in 
which the substitution is made occurs. The compensation for 
this flange enters directly, into the measurements, and the 
essential differences between bridges in common use is in the 
manner of making this adjustment. * * 

A recommended type of Capacitance bridge has been developed 
having the following advantages: 

1. Aft operating controls aro at ground potential reducing the effects of 
hand capacitance to a minimum. 

2. The bridge is entirely self-contained except for oscillator, amplifier, and 

telephone receivers. • 

• » 

3. All parts except the high-potential terminal for the lead to the tost 
specime* aro shielded totally. 

4. All controls are variable continuously. 

6. The bridge may bo constructed entirely of standard parts, the gVUni/Un n. 
excepted. (A.I.E.E. Paper No. 32-14) 


Interconnection of Primary Lightning Arrester 
Ground and Grounded Neutral By - 
of the’ Secondary Main *» - * c £ Vatuf',' 


The 


• V • 

▼ ARIOUS possible transformer connections and 
protective devices op,standard 60-eyele overhead power and 
lighting distribution systems having 4,000-vol* four-wire pri¬ 
maries and power and lighting secondary mains, have been in¬ 
vestigated over a period of years. • pesUn^erabls information was 
furnished by an experimental line with an insulated artificial 
cloud charged to potentials up to i50 kv. by means of a surge 

generator. Among the conclusions reached are the following: - 

P fl mary Protection upon an overhead distribution system: 
prWles COnSlderable d8SreQ ’ 0f Paction to secondariesdocated below the 
•• ■* • ■' ... 

;Ui::^T dBd SeCOndBry noutral ^ acts in reducing potentials on 

3. With existlnB transformer design, the ".insulation of'the secondary 

“ ay J® considerably over-stressed by surges having steep wro 
fronts, Vithout excessive stress on the primary insrlation. Such secondary 
stresses mqy be relieved by Improvements In secondary innnin.t.i™' . 

4. Low ground resistances, although desirable in other respects, do not 
"reduce necessarily the initial potentials which fhay be Induced upon the 

system. 

5. A non-hfductive load in the consumer’s premises reduces the potentials 
at the service entrance 60 to 70 per cent. 

0 . Tests have shown that the Interconnection of primary lightning arrester ~ 
S ^ Un « t0 J t>hQ fi ^ ounded lJfe utral of the secondary main effects a considerable 
reduction in voltages at the transformer and imposes no extra hazard upon 

the consumer’s wiring. (A.I.E.E. Paper No. 32-16) 


Photoelectric Recorder 


By 

C. W. LaPierre® 


T 

I HE MOVING parts ot electric indicating instruments 
may be light in construction and of low torque, thus requiring 
small energy input from the circuit being measured. When it is 
desired to record these measurements, however, the moving parts 
g,re usually heavier in weight and require higher torque than the 
corresponding parts of indicating instruments. 

A photoelectric recorder .has been developed combining all the 
advantages.of the direct-acting recorders with those of the most 
sensitive indicating instruments. This is accomplished by pro¬ 
viding a separately excited recording element to do the actual 
work of making the records. A sensitive indicating insrtrument 
controls the position of*the recording element, the only link be¬ 
tween these two being a combined optical system and photoelec¬ 
tric circuit. As the only equipment placed on the shaft of the 
basic or indicating element is a galvanometer mirror, this element 
may be even more sensitive than the usual indicating instruments 
with, pointers. Through a system of mirrors and photoelectric 
tubes the position of this mirror controls the position of the re¬ 
cording element which readily ■qj.ay possess as much torque and* 

"" . 4 r t '■ ■ 

C. General Electric Company, Schenectady, N. Y. 

January 1932 * ® • 


Field Studies of the Protection 
of Distribution Transformers 
By Lightning Arresters 


By 

K. B. McEachron 8 

L. Saxon® 


A COOPERATIVE field study with portable impulse 
generator and cathode ray oscillograph was made of the lightning 
protection of transformers connected to a 4.45-mile, 4,600-volt 
rural distribution circuit. The tests described were made with 
the pellet arrester. The results show that: 

1. Although the arrester discharge voltage is but a fraction of the strength 
of the transformer, arrester ground resistances may he high enough not to 
protect the transformer If the usual connection to ground is employed. T his 
results in either blownfuses or winding failure. 

2. Interconnection of the primary arrester ground and secondary neutral 
gives a high degree of protection to the transformer from surges originating 
on either primary or secondary, regardless of the arrester ground resistance. 

7. Purdue University, Lafayette, had. 

8. General Electric Opnipany, Pittsfield, Mass. 

.9, Utility Management Corporation, New York, N. Y. 


f 

t r 


t r 


<3. With low resistance secondary grounds, such as water pipes, hpth 
, lightning 1 voltages and Slower voltages 6h the consumer's premises wilt be 
negligible in value, either wfth or without the above mentioned inter¬ 
connection. * * 

4. V'ith interconnection it is believed that the possible hazard between 
separate grounds which now may exist on the consumer’s premises, resulting 
from high resistance secondary grounds, will be greatly reduced. (A.I.E.E. 

Papeir-No. 32-17) * , 

' r * 
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Protection of Distribution 
Transformers from Failure 
' Due to^ Lightning 


By ", 

A. M. Opsahl* 
A. S. Brookes 10 
‘■R. (*■!. Southgate 1 ' 1 


4. If conditions warrant, instil'a o second ground wire and connect it to a 

second ground rod. * « « * 

5. Select**newest transformers*for dnstallatSon in districts of low trans¬ 
former density. *. « 

, 6. E,§quiraeach customer to ground his neutral wire to a wa^er pipe ou his 

premise^ * , 

* * » 

7. Oonnect^the neutral wire a? each section of secondary main to at lea&t 
two ground rods; and on long mains install ground rod connections at inter¬ 
vals not exceeding 600 ft. 

8. Wherb transformers are connected to primary mains 1,500 ft. or more 

distant from the next adjacent transformers, install $n the pole about 600 ft. 
from the transformers the*same lightning arrester equipment as on the 
transformer pole. * * 

0. Install lightning arresters on all c^ble poles. 

10. Ground the lead sheaths of all underground primary cables. (A.I.E.E. 
r Paper No. 32-19) 


» 
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" ' UstfAL methods of oonnpc^ng arresters for the pro¬ 

tection of’Uistrttmtion transformers often are inadequate, result¬ 
ing in flashover of bushings or windings due to lightning, even 
though the arrester in itself is capable of protecting the trans¬ 
former with "a large f^ctof of,safety. Such flashover may be 
attributed'tlie faefi thaf^surge current flowing to ground 
through the ground*leads of,the arrester gives rise to inductive 
drop and resistance drop which add to the arrester voltage. 

Improved protection of the transformer results from the con¬ 
nection of the arrester ground lead to the secondary circuit. 
The fallowing fhethods limi t the surge voltage across the bushing 
approximately to the characteristic crest voltage of the primary 
arrester, but differ in resulting secondary voltages: 

' e * * 

1. Direct connection of a loyr resistance primary arrester ground to a 

grounded secondary neutral produces no highervoltages ou the customer’s 
service than are experienced when flashover occurs with the present pro¬ 
tection schemes. . r 

2. Connection of the primafy arrester ground to the secondary neutral 
through a low voltage arrester gives substantially the same results as with, 
the direct connection. 

3. Connection of the primary arrester ground through two Jew voltage 
arresters to the secondary outside* wires results in increased customer 
voltage. (A.I.E.B. Paper No. 32-18) 
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Studies in Lightning Protection 
on 4/000-Volt Circuits—: 


By 

D. W, Roper 11 


EqR A NUMBER of yeaxs accurate data regarding the 
causes of lightning failures on distribution lines in the Chicago 
district and the effect of various methods of reducing these 
trdhbles have been kept. For Chicago conditions it appears 
possible to reduce the total number of transformer troubles 
amiual^r caused % hghtning to less than one per thousand 
transformers installed,through the adoption of the suggestions 
below: 

1 . Use the four-wire three-phase system of distribution with grounded 
/neutral..;;’ 

2. lightning arresters atlocatlona where transformers are connected 
to overheadprimary mains, using low voltage arresters on the neutral wire 
and valve type arrestors suitable for the “Y" voltage on the phase wires. 

'tJse transformers having insulation on the coils and leads that will not 
age and which will withstand a transient voltage test 
safely above the voltages to which the transformer will be subjected in 


■ i 


in. Public Service Elec. 4 Gas Oo.. Newark, N. J. 
ki.-; Commonwealth Edison Oompany, Chicago, m. 




Investigation of Lightning Protection By 

_ . _ t T. Hairfes 12 

for Distribution Transformers c.A?Comey 12 


n A HISTORY is presented <in this paper showing the 
results of lightning arrester protection for distribution 'trans¬ 
formers in New England* where the normal ground electrode 
resistance is much higher than in most^other parts of this country. 
The general conclusions indicated by this study may be sum¬ 
marized as follows: ■ 

* 

1. Experience has indicated that the application of lightning arresters to 
line transformers in areas affected by lightning reduces the trouble rate by 
about 50 per cent. 

2. Variation in ground resistance within the values readily obtainable*ln 
this territory has slight effect upon the efficiency of the arrester. 

■ a 

3. The value of treating grounds or the installation of multiple grounds in 

an effort to lower resistance is questionable unless by so doing the resistance 
can be decreased to a value of approximately 100 ohms or less. , 

4. Insufficient electrical clearances in the smaller and older transformers 
are an Important source of lightning trouble. Larger bushings, and greater 
clearances are clearly indicated as a necessary feature of correct transformer 
design. (A.I.E.E. Paper No. 32-44) 
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Distribution System 
Lightning Studies by 
Philadelphia Electric Co. 


By, 

H. A. Dambly 13 
H. N. Elcvall 13 
H. S. Phelps 13 


INVESTIGATIONS of lightaung'troubles have been 
conducted since 1921 on the distribdtion system of the Phila¬ 
delphia Electric Company, to determine the magnitude and 
nature of trouble in various localities, the effectiveness of light¬ 
ning arresters under field conditions, and methods for improving 
service continuity. The conclusions xpay be summarized as 
■follows:' -''" ■./. 'V- •••••- / 

1. About 5 per cent of the aerial distribution transformers annually ex-' 
perience trouble due to lightning; the small transformers being the more 
susceptible. 

2. Lightning arresters were found to afford little benefit to transformers of 
15 kva. uid less, and substautlal lieneflt to the larger sizes. 

12? The Edison Elec, Ilium. Go. of Bosiibh, hkass. 1 
13 Philadelphia Elec. Co., Philadelphia, Pa.: 


• * * 

3. The obtaining of reasonable conclusions Vequired, t&at all major factors 

influencing lightning Rouble be coflsld&ed and ail data be reduced-bo a 
common basis. * * * 

4. Because of the rflany factors involved, it haanot been.posslble to deter¬ 
mine thus far whether there is a material difference between the suscepti¬ 
bility to lightning trouble of grounded and ungrounded systems. m ' 

5? Low ground resistance may be obtained «,t IdV cost by the 

arflester ground wire to the secondary circuit grounded neutral. 

6. Customer interruptions from trouble on the primary system far exceed 

those from trouble on the secondary system. , 

7. The number of customer interruptions ot less than 5 min. greatly 
exceeds the number of those of qjore than 5 min.; however, based on cus¬ 
tomer-hour interruptions, the order is reversed. 

8. The major number of customer-hour interruptions due to all causes 
occur during electrical storms. At least one-half of these are attributable 
directly to lightning disturbances. 

9. Lightning protection of distribution systems has been found to be of 

major importance from the standpoint of improving service continuity. 
(A.I.EJE. Paper No. 32-20) • ** . 


Also, there is nothing in the single winding theory of -transformer 
oscillations relative to the internal oscillations of the secondary* 
circuit. * » 

A mathematical study has been made of the oscillations occur¬ 
ring in the mutually coupled primary and secondary windings 
of a transformer when one of the terminals is subjected to the 
impact ofa traveling wave. Solutions for grounded and,op§a 
terminal conditions are obtained,_but th§-general solution for any 
impedances at the terminals is not attempted, except for the 
initial distribution. (A.I.B-.E. Paper Noa32-4) 
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Geometrical Circuits 
of Electrical Networks 


I] 
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By * 

R. M. Foster 14 * 


By 

F. M, Stajjro 


* . 


E . 

QUIVALENT circuits have been used from time to 
time in the solution of various magnetic and electrical problems. 
They have been found valuable in that they clarify the problem, 
simplify the analysis, and provide a means of replacing magnetic 
coupling with pure impedance links, thereby permitting the use 
of tne calculating board for solution. „ 

A particular problem has prompted a new study of representing 
a system of coupled circuits by an equivalent composed of pure 
impedance links. This problem arose primarily through the 
difficulty of representing adequately on the calculating board, 
groupsfof parallel transmission lines in which zero phase currents 
wdte flowing. In order to represent such a group on the calcu¬ 
lating board it is necessary to jreplace the group with an equiva¬ 
lent circuit in which mutual impedance between the lines is 
simulated by pure impedance links. Closely related to the 
problem of coupled circuits is the general network problem. 

In the present study the general equivalent mesh for the 
n-winding transformer is derived, as well as that for the mesh 
equivalent of the general network having m + 1 points of entry. 
These provide a background for the study of system networks 
involving grotfps ef parallel transmission-lines in such a manner 
as to simplify the problem greatly. These methods are perfectly 
general and may be applied Jo many other problems. (A.I.E.E. 
Paper No. 32-21) * 


lr ALL THIS ELECTRICAL properties of a given 
electrical network are abstracted, there remains’a geometric •cir¬ 
cuit completely characterized by the sets of branches terminating 
at the various vertexes, tfhe use'of such geometric circuits in 
place of the networks is desirable in the solution of a number of 
different problems. A successful application of this method re¬ 
quires to start with a complete enumeration of all distinct circuits 

classified according to certain specified properties. 

2n the present study enumerations of geometric circuits have 
been made, classified according, to two different parameters, the" 
nullity (number of branches minus number of vertexes plus 
** number of separate parts) and the rank (number of vertexes 
minus number of separate parts). The geometric circuits which " 
are sypametrical with respect to all branches and all vertexes 
also have bSen listed, (A.I.E.E. Paper No. ^2-22) 


The Breakdown of Glass 
With Alternating Potentials ' 


By 

N. D. Kenney 15 ,, 
A. M. Luery 18 
J. D. Moriaty 17 


By 

L. V, Bewley* 


Transient Oscillations of 

Mutually Coupled Windings 

• •* 

In THE PAST, the mathematical analysis of transient 
oscillations in transformer windings has been based upon a 
single winding having self and mutual inductances between its 
‘turns, capacitances along the stack and to ground, and, in one 
instance, resistances representing 1 the losses. Such a circuit 
ignores the presence of secondary circuits, but strangely ann righ 

TWAWAB a /IaAOI a 4 a <4 AnAWth n 4.1* J- 1 1. - —L 1 -A1 


of the winding under consideration, not only qualitatively but 
quantitatively as well. • Cathode ray oscillograms, however, dd 
show some difference in th# characteristics of the oscillations, 
depending upon i 

January 1932 


I HE FAILURE of solid dielectrics does not faka place 
by one mechanism of breakdown but by several, different laws 
governing each type of failure. For some time thermal break¬ 
down has been established as one of the mechanisms of puncture, 
and in1928 there was found a type of-breakdown in which the 
potential gradient is independent of tepaperature and thic kness. 
This latter was spoken of as in the disruptive region." In 1929 a 
tl^rd type of breakdown was found lying between the previous 
two, and was termed as in the intermediate region. - 

_ These former experiments were conducted with direct potent 
tials and additional experiments have been made recently to 
determine the results with alternating potentials. Glass was 
used as the test material. 1 

It was demonstrated that three distinct regions of breakdown 
are obtained with alternating current, similar to those with direct • 
current. In the disruptive and intermediate regions, it" was 
found that breakdown occurs at an alternating p$ak voltage 
approximately equal to the direct breakdown voltage, while in 
the thermal region breakdown occurs at an alternating peak 
voltage somewhat lowe* than the direct breakdown voltage. 
(A.I.E.E. Paper No. 82-23) 

14. American Tel. & TCI. Oo., New York, N. Y. ~ 

16. Mass , Institute of Technology. Cambridge, Mass. 

16. N. J. Bell Telephone Oo., Newark, NT. J. 

17. Ben Telephone Laboratories, Inc., New York, N. Y, 
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The Predetermination of‘the f W ? Auxiliary Drives f 

A-<J. Behavior of Dielectrics abK - (of Steam Power Stations 

r #*■ . r 


By 

F. H- Hollister 20 


C . 

HARGE and discharge currents of any type of di-f 
'electi-ip under continuous potential make it possible*' to predict 
accurately the loss, f f>oVer factor, qnd capacity at 60 cycles. 
This is dohe by an empirical determination of the equation, f°r 
the relaxation function of the dielectric at a given temperature, 
followed by the application of von Schweidler’s method. Tfe 
method developed is available at any frequency, provided^ the 
^continuous potential charge and discharge currents may be 
measured over initial time intervals comparable with the alter¬ 
nating - period. r / r «* 

r A convenient and sufficient expression for the relaxation func- r 
1/1032 iS shown in tty is paper to be a sum of three exponentials. r 
Farther, experiment and analysis prove that the method of three 
exponential^predicts accurately the^a-C. behavior of a dielectric 
at 60 cycles. The usual forms of irreversible'’conduction en¬ 
countered also are defined and classified. The case in which the 
initial constant current does not obey Ohm’s law has been 
considered r analytically-as--regards its contribution to the a-c. 
behavior. (AsI.E.E,, Paper No. 32-45) 
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Radio Interference 
from Insulator Corona 


By 

F. O. McMillan 18 
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M UBLISHED in full in this issue of Electrical 
Engineering, p. 3-9. Pamphlet copies not available. 


Relationships Among the Magnetic 
V Properties of Magnet Steels .and 
Permanent Magnets 


By 

K. L Scott 18 ' 


. CIRCUIT remanence of magnet steels is the 

magnetic induction at the magnetic equator of a permanent 
magne; -with nc^ external magnetizing or demagnetizing force. 
A new relationship has been fourni connecting the open circuit 
rensahence of a permanent magnet with the factors determining 
its value, *By plotting tills ratio of remanence to resid ua l induc- 
ion as the ordinate, and using as the abscissa the ratio of the 
product magnet lengths times square root of coercive force to the 
' product of equivalent diameter times the square root of residual 
induction, a curve is obtained which appear i to be general and 
valid for all kinds of magnet steel. 

Various quantities have been proposed for rise as criteria of the 
magnetic quality of magnet steel, the quantity having the great¬ 
est theoretical justification being the maximum value of the 
product of the coordinates of the demagnetization curve for a 
given field, where the demagnetization curve is the portion of the 
hysteresis toop between residual induction and coercive force. 
Experimental justification of the Validity of this criterion has 
been secured. However, it is approximated by the product of 
residual induction and coercive force, and as this latter quantity 
can be determined with less effort, it is preferable for routine use. 
(A.I.E.E.PaperNo.32-24) 

•18^: OregonState College, Corvallis, Ore. 

11$. Western Electric too., Chicago, HI. 


IrSSENTIA^LLY the full content of this paper is pub¬ 
lished in this issue oMElectrical Engineering, p. 20-1. Pu5n- 
phlet copies not available. 
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Steam Driven 

r 

Auxiliaries for Power Plants 


. By 

W. P. Dryer 21 


r Essentially the full Content of this paper is pub¬ 
lished in this issue of Electrical Engineering, p. 21-5. Pam¬ 
phlet copies not available. r 


Electrically Driven Auxiliaries 

r 

for Steam Power Station; 


By 

L. W Smith 28 
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ESSENTIALLY the full coptent of this paper is pub¬ 
lished in this issue of Electrical Engineering, p. 25-8. Pam¬ 
phlet copies not available. 


Proposed Definition of Terms *■ 
Used in Power System Studies 


By 

H.-K. Sels 10 


T r • 

HE INSTITUTE’S subject committee on definitions 
has submitted its report on temiinology for power, system inter¬ 
connection and stability studies. The report covers the five 
following .general divisions: interconnection terms, stability 
terms, active power and reactive voltampere conventions, syn¬ 
chronous machine quantities, and response of excitation systems. 

preparing its report the committee has reviewed te chnical 
literature and consulted representatives, of members of various 
A.I E.E. committees.. 

The definitions presented are descriptive and cover^ the field 
practically in its entirety. While many of these may be con¬ 
sidered arbitrary, they have been choeen in the best interest of 
the profession. Their general adoption will lead to a* better 
mutual understanding with less possibility of confusion and con¬ 
troversy on technical questions. (A.I.E.E. Paper No. 32M2) •••, 


Experience with Electrical Stability of, 
Conowingo Station of Philadelphia By 
Electric Co. System ; aw.jon^ 

* • ; •* ‘ • . • •• • » . t 

'■ ;• ;v A BRIEF description of the Philadelphia Electric 
Company- system with particular, reference to the features 
influencing stability of ttie Conowingo hydroelectric station is 

~ •a, <►' 

— - 1 i — - V f ■' ■ ' • i • • . •-.••• . 

30. Sargent and Lundy, Inc., Chicago, Hl« 

21. Stone and Webster, Inc.. Boston, Mass. 


Ei^CTRICAL %GINEERtNG 


SJi n n il thiS + P f P °-!L summa « ze& :^ various*’calculations and 
t?sts associated with the stability problem, and presents g. record 

yeamScT- nenCe ^ * fW^peint durffig four 

Several eafies of instability due to line faults have occurred 
A borough study of thelnattar was undertaken and as a conse- 
« changes were made in the equijmei* and systehr 
involving the development and installation of higher speed 
circuit breakers and relays. * p 

Detailed records are given for all faults on those parts of the 
system intimately associated with the Conowingo development. 
These records show the improvement in stabilityobtained by the 
changesi in the system and indicate attainment of a generally 
, satisfactory condition. (A.I.E.E. Paper No. 32-25) 7 
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S<£me Considerations^ 

Design of Damper Windings 
For Synchronous Motors 


B y , * 

C. C. Shutt 2 


, $ 

Generalized Stability Solution 


By * 

for Metropolitan “type Sv^ems w. a. Lew™ 2 

* 7 W. R. ElliS 2 

. C ' * 

, STABILITY studies of metropolitan type systems 
may be profitable not* because instability has been a serious 
operating problem, but beftaysfl such studies often may permit 
more reliable or economical layouts to be utilized safely. A sim- 
^plifiod method for determining the degree of stability of anT lay¬ 
out of a metropolitan type system is presented in this paper.’ 

General stability curves are given by means of which the 
transient stability during faults may be determined. The results 
are obtained as the permissible fault duration in-terms of certain 
indexes of the system and fault. For a particular fault these 
indexes may be found from a short-circuit study made on a d-o. 
cakylating board orbits equivalent; only three readings are 
required to obtain the result. (A.I.E.E. Paper No. 32-26) 


wm 9 * » * " 

. EXTENSION ofsthe application,, of synchronous mo- 

tors#to include mo^e specialized fields requires that the design of 
damper windings for special starting performance become a more 
exact art Possibifities and limitations in the performance which 
JW be obtained by variation of the damper winding design are 
brought out by classification of the'various types of these * 
oi windings. » * 

• 0 ^ am P er windings may>' classified arbiflurjbeas iowWtanee '■ 
and high reactance types. The low reactance windings include * 
•those rnade up of round or rectangular bars of-sueh size that skin 
effect has only a negligible influence upon the distribution of the 
current in the bar. Tliesg windings are well suited t» g^e a high 
ratio of torque to kva.,*especially during the initial part of the 
starting period. Many other types of .perforn^nee, including 
fairly uniform torque over the starting period, or*4ow starting 
torque with high pull-out torque dr* feiaMvelyiow kya., can be 
obtained with high reactance windings. These include all forms 
of double-deck windings as well as'bars whieh are subject to 
appreciable skm effect; also single-deck windings, the charaeteris-' 

T p P clu 2 ffe notieeabl y as tbe motor comes up to speed. 
(jv.bE.E. Paper No. 32-28) 
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Power Losses - 

in Electrolytic Condensers 


By 

F„ W. Godsey, Jr .- 16 


An Induction Motor with 
Paralleled Rotor and Stator 


* * 


By 

A. G. Conrad 24 
R. G. Warner 24 


LITTLE known method of operating induction 
motors is to parallel the rotor and stator windings. When 
this is done the pull-out' torque as a motor is approximately 
doubled and the continuous horsepower output may bo increased- 
as an induction generator, tho maximum kva. output is increased.’ 
The machine may bo operated simultaneously as a motor and as a 
generator. For heavy loads tho efficiency is higher than that of 
thesa.me motor operated with its sliprings short-circuited; and 
if-the motor is to operate over a wide range, maximum efficiency 
may be secured by using a switching arrangement to short-circuit 
the rings at light load. , 

By paralleling the rotor and stator windings the rating of a 
given mo to* may be increased, the initial cost of a motor required 
to drive a given load will be less, and the no-load losses may be 
* made smaller. If the ratio of stator to rotor currents is other than 
approximately 1:1, the windings may be paralleled through an 
auto-transformer. This should improve performance, since the 
transformer will by-pass part of the low frequency current that 
ordinarily would flow’through the supply transformers. Tests 
on a machine with rot^r and stator paralleled directly, indicated 
two disadvantages: the machine.was noisy and the exciting 
current was high. This, however, might be eliminated by special 
designing. (A.I.E.E. Papef No. $2-27) 

24 , Yale University, New Haven, Conn. 


,, , Electrolytic condensers on a-c. circuits have 
higher potter losses than would be expected from the leakage ’ ’ 
eurrents and electrolyte resistances. Likewise, losses change . 
mth the applied voltage, temperature of the Sell, the frequency * 
of the applied voltage, and with external circuit conditions 
governing current wave shape in such ways that it is almost 
impossible to predict results in advance. When a sine wave of 
voltage is impressed the current wave usually contains large 
harmonics, indicating a non-linear function in the impedance of 
electrolytic condensers. Increases in voltage, temperature, fre¬ 
quency, and concentration of the electrolyte also cause increases 

m the harmonics in the current wave. 

A film on the anode surfaces saturated with the electrolyte 
solvent would explain the characteristics as measured and also 
make it possible to predict characteristics with some accuracy. 
JLon^pcnetration of the outer regions of the film, and a compara¬ 
tively continuous film near the anode, explain the non-linear 
characteristics. The variation of the electrolyte potential can 
be predicted on this basis, and power losses also are more easily 
predictable., .(A.I.E.E. Paper No. 32-30) 


Film Characteristics 
pf Electrolytic Condensers 


By « 

F. W. Godsey, Jr. 2B 


•w 

January 1932 


■ . Electrolytic condensers of the film forming 

type have some interesting characteristics which have never been 
satisfactorily explained. Extremely thin oxide or hydroxide 

26. Safety Gar Heating ^ Lighting Co., New Haven, Conn. 
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films, fdhn8d cm the surface of thfc metal auodes, seem inst^d- 
oieut in themselves to explain the complefce action. Likewise, an 
electromotive equilibrium is insufficient to explain the action. 

Electrolytic condensers with extremely low applied voltages 
show f large variations in measured capacity from hi g h voltage 
measurements. The results indicate a filrn in whiel£ion penetra¬ 
tion plays a large part. Assuming the presence of a filrjf saturated * 
with water as the dieteetrie overcomes a number of former ob¬ 
stacles and lessens tHe necessity for the very thin films formerly 
assumed. (A.I.g.E. Paper No. 32-31) * • 


considered as analyzed cofapfetely unless the ^possibilities of the 
switching phenomena as^ influenced by the" various connected 
circuits haye been given-due' - consideration. (A.I.E.E. Paper 
No. 32-33) • » r ; 
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Equalizing Currents in the 
* Armature of £ D-G Machine 




By 

R. M. Baker* 


Electrical 
Precipitation r 


By 

W. Simon” 
LCKron” . 


r r r 

^OTTRELL treaters have found many applications in 
various industries for the recovery^ or removal of smoke, dust, 
arcd fume particles from their containing gases. Precipitation 
efficiency, or percentage removal, depends upon a number of 
fundamental yariablesf A stody made of these factors has placed 
the p process on a fhore quantitative basis than formerly was 
possible. 

Experiment shows in general that the precipitation efficiency 
increases with the treatment time, voltage, current, and power, 
according to af curve which partakes of the nature of that fGr r a 
condenser charge; in other words, the relationships are exponen¬ 
tial, and the cleaner a gas becomes the harder it is to remove more 
particles from it. The value of operating voltage above that" 
necessary to f produce corcfua was found to have little effect upon 
the cleaning efficiency, but the current flowing between elec¬ 
trodes and through the gases within the precipitator is of con¬ 
siderable importance to efficiency. (A.I.E.E. Paper Nof32-32) 


Commutation" Considered 
As a Switching Problem 


By 

R. E. Hellmund* 
L. R. Ludwig* 


• When THE PARALLEL type winding was first 

used on the armatures of large d-c. machines, it was almost 
impossible to obtain sufficiently good magnetic balance of the 
giain field circuits to permit satisfactory operation. In 1896 
the idea was conceived of automatically balancing the flux in the 
main poles by connecting together those points on the armature 
which normally shou^be of the Isame potential. These equaliz¬ 
ing connections have proved themselves capable of taking care of 
considerable unbalance in the same field; in fact their'perform¬ 
ance has been so satisfactory that little study r has been given 
to the details of this action. ° * 

An increased knowledge of the behavior of these currents, 
however, has been secured by an analysis which is unique in that 
it is based upon experimentally determined curves of variation 
in equalizing current in an actual machine. The analysis shows 
definitely how these currents act to correct the unbalance causing ’ 
their flow. It was found that even with very small inequalities 
of the main pole gaps the equalizing current in an armature coil 
may reach a peak value as high as 25 per cent of the full loafi coil 
current, several times each revolution of the armature. It has 
been shown also that the oscillograph is very useful in studying 
the behavior of equalizing connections, and^that empirical results 
are obtainable without much difficulty. The securing of similar 
relations by an analytical method would be yery Simplex. 
(A.I.E.E. Paper No. 32-5) • " • *• 


Calculation of No-Ldad Damper-Winding 


I HE TJ8TTAL commutation theories deal with the 
reversal of the current in the commutating coil and with rnftq.na ' 
for bringing about such reversal either along a straight line or 
curve. The principal object in *uch studies is to accomplish 
commutation without 'excessive current densities under the 
brush,Frequently, hovfever, it is impossible to realize this, and 
the phenomenon which results is essentially one of switching. 
With this new concept in mind, factors may be studied whioh 


Loss in Synchronous Machines Y 


For example, the mutual and self-inductance of the windings 
and their, capacity; may have an effect upon the energy to be 
dissipated during commutation. With this concept of switching 
in mind it can be seen that there may be a difference, in commuta¬ 
tion between shunt, series, or separately-excited machines, and 
with laminated or solid field structures, although the speed, cur¬ 
rent, and commutating fields are the same. Also, a-c.commuta- 
tor machines may he affected by the transformer to which the 
• machine is connected. Interesting results are obtained with two 
series-connected motors on a motor oar, especially in a-d. motors 
having no damping effects in their field structure. During cer¬ 
tain conditions each motor may have an effect upon the cornmu- 
tation of the other; this is explained readily by the switching 
theory. In general, the commutating phenomena cannot be 

; 27 • Tennessee Goal, Iron Sc Railroad Oo., Birmingham, Ala 


E. I. Pollard* 


. THE N0N-UNIF0RM o nature of the air-gap due to 
the presence of alternate teeth and slots on the stafor of syn¬ 
chronous machines results in a non-ijniform distribution of flux 
density at the surface of the rotor. These pulsations in the air- 
gap induction produce pole-face loss. When a damper winding 
is present the. pulsations link the damper bars producing circu¬ 
lating currents causing an additional loss which is designated by 
the term “no-load damper winding .loss.”' The" magnitude of 
this loss is found to vary from practically zero to, as much as 
eight times the pole-face loss, or to as much as half pf the total 
no-load core loss. A method now has been developed for cal¬ 
culating the no-load damper loss, based on theoretical con¬ 
siderations. ■ r '" 

This study has indicated several ways by which the damper 
loss may be minimized. Changes in design to reduce pole-face 
loss, also generally decrease the magnitude of damper loss; but 
tbe requirements in fundamental proportions, of the machine 
usually require that these changes shoulQ not be made. The 
reduction of loss may be secured by keeping the number of bars 
mi the machine and the bar r^istanoe low. Perhaps the most 
powerful method of reducing losses by, hdjustinent of the ratio 
of rotor slot pitch to stator slot pitch. (A.I.E.E. Paper No, 32-34) 
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Temperature,Rise.of Ventiljted 
Railway Motor Armatures 


tt * + 


.* f* # 

> ERTAIN applications, particularly testing, reauira 
a sme wave of generator voltage under ell load ooSons ™d 
U.e round-rotor type of due wave generate consequently was 

■ nTTj PS****" ■»■“»”« to that of a aalient-pole 

but for the field a round punched rotor is used with a douhte 

layer winding distributed in evenly spaced slots ’ U 

A comparison of various types.of these windings shows thkt 
. three newly developed connections called the X, XJ and W tvnes 
ana superior to the old V and Y types, in that 15 per cent or Sre ' 
increase in output can be secured from the rotor without increas¬ 
ing the maximum, coil temperature rise * impairing the voltage 
wave Shape. This change is wrought by eliminating the un» 
desirable features of the old types; namely, .too few aftive coils 
* in the V type, and unequal leg heating in th^T type 

The analysis made in this connection's quite general ^and 
directly applicable to all round-rotor synchronous machines with 
double layer rojor coil windings as exemplified by sine wave 
generator and also synchronous induction motors. By selection 
of the proper connections any one of the factors desired, wavS 
orm, ^efficiency, and healing, .can be stressed to any desired 
degree."*(A.I.E.E. Paper No. 92-35) * 


By 

D. A. hfghtbifljd 2 


+• . CALCULATION of temperature rise afid qjf, • 

time-temperature curves of a railway m q t qr for which only W- 

dfflS. ar , 6 avaiIabl0 - presents considerable 

difficulty? Modem railwaypraotise demands increasingly lame 

nSaTforVc ^ SPa ° e ’. S0 ^ “«*• JSSdTS 

necessary for the predetemunation of temperature rise This 
must be used as a babis for guaranteed ratings an?toSSmpem? 
^curves in the appheation of a motorte f compu“S ! _ 

■ ^a frydeftved from the usual theor^of.Hsa.t flow between • 

•ofto imatn~ ™ “ “ eth ° d oalo ’ ,Iatin e the temperature rise " 
of the armature m a new design of motor, fop any time interval ‘ 

results are given’ when applied 
thfi-nrm ^ § y var^dng size. By making certain Assumptions 

Can , be t0 a simple equivalent model con¬ 

sisting of two conducting bodies separated by an'insulating wril 
and equations resulting from an analysis of this thermal system 
form a practical method of calculating thfce-temperature curves 
No a 32 ™ atUre fr0m preliminar y design data. (A.I.E.E. Paper 
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Motors for 3,000-Volt 
D-C. Multiple Unit Cars 


By 

J. C. Aydelott 28 


. NEW MULTIPLE umt ear motor incorpora ting 
fe ? tu f s of design was developed for the electrifies 

wLt f .; Sllbl i rban . 0rvice of the Delaware, Lackawanna & 
Western.Railroad, the first installation of multiple unit suburban 
service m this country employing a trolley potential of 3,000-volts 
toot current. The absence of trouble in commencing and 
mamtammgkervice marks the whole electrification program 
There ndw are 564 of these motors in service on the Lacks 
be tween August 1930 and June J, 1931, 
4,500,000 car miles hav^been operated with only two train de¬ 
lays chargeable to motor failure.; During the period of initial 
operation the motors have been remarkably free from flashovers 
insulation failures, and mechanical troubles. This preliminary 
operation indicated also that the maintenance expense will be 
unusually low. The securing of the many desirable features in 
motor design, and the consequent successful operation, may be 
attnbuted largely to the,develop.ment of new design features. . 
(A.I.E.E. Paper No. 32-36) .* “ * 
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Preparing Substations * 
for Electric Operation 


By 

' . L. B. Curtis 13 


in ^APPROXIMATELY forty substations are involved 
exte J 1Slv ® electrification program" recently announced for 

^ven X ™“f R f mad b6tWem New *«* «d wXgtonl 

i ^ 6Se ™ operation. A definite program for 

h . An mg t ? es ® saltations before they are placed in operation has 

— hl “ bMn ° 0IBbto6d a ■*«* 

«“to three groups: ( 1 ) preliminary 

bufvdiw d "°' C ° ntr01 ° r f°- P° Wer; (2) taate ^ < 1 - 0 - eonted 

dovoT^ti, aH! 'P° w f r; and ( 8 ) teste with d-e. control and wc. 

oowkn™ -li* 68 * ™ trU0ti0ns m m“te»ally complete and 
cover all possible sources of error which might interfere with the 

T^ZTZ °/,t “ n “ is ““ 


The Time Services of 

the U.S. Naval Observatory xr. Heiiwos» 

nu HUNDRED and one years ago the Naval 

Observatory was created. Since then it has had the determina- 

mea n a «nl br ? dcas ^ g of tlie ^tion^s time. This is broadcast in 
of ^although kept in sidereal time. Measureinent 

of time is based upon the earth’s rotation and is very accuratelv 
observed and calculated. Observations are *27 CZ72 
^^ra which the suoooaaivo transita of predetermined 

Because of its increasing importance in the nation’s dailv life 

18 dem “ d<5d of the time sendee, aud meaus of 
mcreasmg this accuracy constantly; are being sought. A new 

PennHylvama Railroad, Phlladdphla, Pa. —-- 

31. T7.S. Naval Obseryatoi^, yvashln^ 


clock vaults now is nearing completion. It will contain precision 
timepieces maintained at constant temperature and pressure'at 
all times. The new clocks now«are under constructionmnd it is 
hoped that with this equipment, and modifications which are 
bemg* planned, it will be possible to extend the time service, 
increase its accuracy, and add to the number of broadcasts per 
(A.I.E.E. Paper No. 32-38) V , P ‘ 


Time Services 

of the Telegraph Companies 


By 

G. W. Janson 32 


N^w Key W^st-HSv-ana - By 

- ,« t Vi n r " H. A. Affel 14 

Carrier Telephone Cable w s - GortonlE 

' ' f ' R. W. Chesnut 18 

r r 

A r r r 

NEW^SUBfaARWE cable was laid recently 
between. Key West and Havana to furnish increased telephone 
faculties between the United States and Cuba. This is the 
longest deep sea telephone cable in existence and also is unique in 
being thg longest telephone cable circuit without intermediate 
repeaters and without inductive loading. The new cable operates 
at frequencies up to about 28,0p0 cycles per second; it has a single 
central conductor with concentric tape return, and employs the 
newly developed material paragutta for insulation. Due to the 
smaller dielectric constant and to the smaller leakance, the cable 
is much smaller in size tfran any of the three other cables between 
these countries. 

A carrier telephone system provides three telephone channels 
and as ultimately d(|reloped, a still greater number "of facilities 
may r be made available. A large number of noise sources was 

1T1 Vttetl (rohorl o«rl ___ . -i i .. 


rtf! HREE^CLASSES of time service are distributed by 
tbatelyaphcbmpam®. The ffet qf tjiese, commonly known as 
noon be&for comprises the transmission during a thrqe-minute 

Si may - , be r? availafe - A ■“* m “> ber »' ** « ™ 

looal maatonojoois thfoughSM tho trailed States onoe each day. 

Ihe second time s*nee commonly known as “jewelers' beats” * 
comprises a similar transmission throughout the day of a series 
of coded impulses distributed in each locality by a master clock. - . 

Th«i e.boats are used principally by jewelers for regulating The Development of a 


The most extensive distribution of correct time by the tele- 
graph companies is the automatic correction of clocks. The 
Western Uniop Telegraph Company’s synchronizing system cor^ 
wets about 120,000 clocks of which 95 per cent are rented to 
ubsenbers. These^ clocks operate independently but aip reset 

6ael1 bour by the telegraph synchronizing 
service. (A.I.E.E. Paper ,No. 32-39) r 
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Synchronous « 

Electric Time Service 


By 

H. E. Warren 33 


REVIOUS to 1916 no commercial a-c. system was 


, .... - , -wimumuuM a-o. system was , . . - ,-u tjvorconies au tnese 

regulated with sufficient accuracy of speed to enable its use for d ™°* Itl6s and ls interchangeable with the d^skstand iu existing 

indicating time r Two devices then were developed making com- Jf le P hor J® plant ^thpnt important reaction on either transmission 
mercial fli-fl. timfl Qawrnna fiAnmUU _ mi_ ji _i. . a .v Or Slffnahmy nArfomonna ii_ j..* 


. . ™ w w ojjocu uu euaoie its use for 

Indicating time r Two devices then were developed making com¬ 
mercial a-c. time servieg possible. rThe first of these was a self- 
s ®r^ng^synehronous motor which utilized residual magnetism to 
enable the rotor to star? and run at synchronous speed. The 
second Consisted of an indicating instrument which would show to 
a venerating station operator, directly in terms of time, deviations 
of average frequency from-standard. 

About 1928 several new varieties of synchronous motors suit¬ 
able for use in clocks were developed. These may be divided into 
two Classes, and self-starting and non-self-starting. The latter 
generally has toothed soft steel rotors, while the self-starting 
motors utilize a-c. fields with rotating components brought about 
by the use of shading coils. Both types now have been developed 
to require small power input and to eliminate hum. These 
are nowb&ng applied to many timing devices other than clocks. 

Ihe standardization of average frequency is of great value to 
tbe power compames in many ways other than the furnishing of 
ti^e seiwices. Further increase in the accuracy of control is to be 
ejected from the use of automatic frequency control equipment 
which now is being developed, (A.I.E.E. Taper No. 32-40) “ 

32. ■Western Union Telegraph Go., New York, N. Y. 

33. Warren Telechron Company, Ashland, ’ 
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. ,. ; NUMBER Of factors contribute to the difficulties 

involved m the design of a telephone handset which gives as good 
service performance as a deskstand. The handset transmitter for 
example not only is used in a wider range of positions but also is 
moved much more frequently, so that wider variations* are ex- 
penenced in its characteristics. The more severe use to which 
the handset is subjected requires special design measures to 
prevent an appreciable shortening of useful life. 

Further dtfficulties are introduced by the close physical con¬ 
nection of the receiver and transmitter, in that “howling” tends 
to be set up Also, the distance between the receiver and trans- 

must be sucb as to b«? convenient for the user without 
introducing unnecessary lossesun voice transmissionm air. 

n- dS6 ? haS beeU devel °P ed s « it overcomes all these 

***** » 


n _ " --.vwuuiwuuuomuor i,ransmission 

tha mihlirt^' pe fJ orn “ I1 J e - That design meets the wishes of 

Jh2n ? fX nm ! n ° Sd by tte to to more 

tnarn 1,000,000 sets per year at the present time. 


An Automatic Concentration Unit- 
for Printing Telegraph Circuits 


G, S. Vernam 34 


w a number of lightly loaded telegraph circuits 

terminates at a central telegraph office, and the number of mes¬ 
sages over each circuit is insufficient to keep the operator Mlf 
Circuits usually are grduped together on a 

Zd rS? d ° r C0nceiltratw ’” 80 ^at a s^igle operator can send 
and receive messages over any line of the group. 

• ? r ' ‘teletypewriters’’ of the so-called “start-stop” 

t^pe are berng used to a la^,and ihcreasing extent on such 

34. International Communications Laboratories, New York, N. Y. " r 
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number of special features being included 4 US6d ' * 
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An Improved * 
A-C. Arc Welder' 


By 

A.„M. C3fidy* 


Carrier Application 
to a Telegraph Plant 


BV , 

* ■% R. E. Smith * 4 

L, A. Kelley 34 

■* 

graph Jfto B di?er? IEB w% TS for ^ systems to tele- 

Sarto^heet ‘ *7* ib ° m in ^phone State- 

Ptats ^ ph 

Xr t^zxirx, 

circuits on the ZTj i * l ™ tme energy levela of the various 
oucunjs on tno same lead are not. rA<stfin+n/i i™ al * 

Z « « a Z7ZZ'ZT nt tMtm ento int0 fte “• 

ssSSSSST-as 

ow in commercial service in the extensive open-wire nlant of 

tins company. Performance characteristics showing the canabil 
lties of,the system also are included. g Wle capaM - 

*» 
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disadv^WeTof thf 1 frequency ^ the welding circuit all tlW 
|. , &g bo the a-c. #rc welder have been overcome- TIia 

' starttoo r| TO ? P ° d b . y tb6 “Viator circuit is Sufficiently high to ' 

htl«k " the 7 iust betora ““ Strode contact 

CoZauetototooT W r h ? pass ta through tSro is eliminated. 
fa 

rowTo-load bZ r T?‘ 0f d -°- Because o, Z 

„when^^^ 


Forces of Electric Origin 
in the.Iron Arc 
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F. Creedy 36 
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Recent Developments in Design 
of Arc Welding Generators 


By 

K. L. Hansen 3 ® 


, A NUMBER of phenomena are present in overhead 
“” e ' d ta f “ which no adequate explanation has hi p^Sbk 
Among tito questaons are: (i) what is the force that cmZ the 
molten drop to travel across the arc face from the electrode in 
the worlc, (2) why is it that the drop is detached with explosive 

25? mt • OT fT In “ atte tat to deferSe the 

j.^otno origin of those forces in high current metallic arcs the 

“rTr* 6 ° f “ OT0 , Was Projected on a screen by means <rfa 
I this manner, relations between the eiectrical forces arc 

cuirents, and arc lengths wsere studied. ’ 

General conclusions may be drawn from these results indieat 
mg that the force which detaches the globule from the welding 

fi!m? ay r <tep6nd Upon the “ pineh effect” due to the magnetic 
eelUr^T^h 0 f0rC6 th ® outer Prions of a conductor toward the 
thf f A ri th x° Cr ° SS ' section of the area between the globule and 

4qu^eof r ?be e c C °Ti Sm • allG^, th ° Pr6SSUre is bicreied as the 
SS ln f h ®°™tdensity. The force tends to sever the part 
still attached. Tlutf appears to be the cause of .the explosive 
violence with which fche globule is detached. It appears that as 

the^Lr 6 g u e iS v Parated ifc is carried over by the force of 
he reaction resulting from the emission of minute particles at 
high temperature. (A.I.E.E. ?*$er No. 32-41) - 

" ~-—--- '—A _ • • ’ ’ ' . '• _ ' “ 

35. Lehigh University, Bethlehem, Pa. ~ ~~ 

January 1932 * 


quired of m vol t-ampere dharaoteristio is rc- 

toetabilittrfthT. '”f ? 8nerator “ order t0 °™reorae the 
Whom +E h f due to ,ts ne S»*ta resistance eharaeterie tie 

° h “ geS in ^ “ tairtanee. an toSS 
n+j- i • -uf’ ^ 1S re( l uirem cnt becomes complex and exaetinv 
Other desirable design features are as follows: tmg ‘ 

LSZlTZ “ ter ” 1 ’ r r tor so "> oU ““ n«a to smooa out cfc. 

qiic^STa" ZS.SS'SSeb'iL^’ta.ut b zc kialP the M - a to 
changes In the esZSZZZT mm '“‘“nslve to 

“ ““ ta-pole armarnra . 

In a new completely self-contained are welding- venerator +h« 
first two of the objects enumerated above have toeuobtoedbv 
a novel destgu. of the commutating winding. ahunt“ nS and 
mam poles, and by adding a special windtog oousTst^ on e 
toAorWronited upon itself. Suitable 
bj two sets of auxihary brushes spaced from 50 in fin • i 
d^ree, ^ead Of toe main brushes 5 Advent of toe bS 
r ab !® S the eurrent to be varied. The resultant machine is very 
ov fi Vr Sfi PtmSe t0 ? Wati0nS in extQrnal resistance, and retains 
°J®L a iJ^ de rang6 0f operation ^ characteristics desired in an 
arc welding generator. (A.I.E.E. Paper No. 32 - 43 ) 


36. K, L. Hansen Engg. Oo. Inc., Milwaukee, Wis. 
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Winter Convention Arrangements! Completed 

• ' . <• 

V Fourteen' Technical Sessions and Other Features Offered 

• - • ^ A 


tvERYTJHfNG is in readiness for ljhe 
^ 1932 A.I.E.E. wintor convention which r 
* will,.be held with headquarters in'the 
Engineering Societies Building, 33 West 
39th. Street, .New <York/N/Ye w 'January 
25-29, An excellent ^schedule of events 
embracing fourteen technical sessions, a 
variety of inspection trips and social 
functions, and a special program for 
women guests has been completed. 

* 

* Technical Sessions 


r r r 

Three Of the ’technical sessions comprise 
important symposiums: (1) distribution 
circuit lightning protection, (2) system 
stability, (3) time and .time services. 
Lightning as it is related to transmission 
lines has been treated often, but relatively 
'little has been brought forth on the sub- 
jefA of distribution circuit lightning pro¬ 
jection. Consequently this session should 

fill a gap in this fields System stability 
and its intricate relations when systems 
are interconnected offer a timely topic of 
interest to many groups. Valuable data 
and experience gained in this particular 
field vrill be brought out through the co¬ 
operation of manufacturing and operating 
companies. Likewise the symposium on 
rime and rime services will present valu¬ 
able'and interesting information on this 
modern phase of the art* With eleven 
other specialized sessions the program 
leaves little to be desired from a stand¬ 
point of technical interest. 

{ Detailed information concerning this 
convention was published on p. 971-2 of 
Electrical Engineering for December, 
1931. Additional information and a. few 
minor changes are outlined in the follow¬ 
ing paragraphs. 

The session on research Which formerly 
Was schedulSd for Tuesday afternoon will 
be held on Wednesday morning in parallel 
^vith: the symposium on stability. The 
first paper formerly listed in the session 
on research “Some Fundamental Theory 
apd Experiments on Electrical Precipita- 
tion” by A. W. Simon and L. C. Kron, 
W® be presented Thursday morning in 

Ltollllfi liry —‘m fitfl.l Inrp^r OAocnAri 



The U.S.S. Akron "riding at anchor" in the Lakehurst, N. J. "dock" 


The selected subjects session will be 
entirely de voted to a symposium on steam 
power station auxiliary drives. 

A paper “Preparing Substations for 
Electric Operation” by L, B. Curtis, 
Pennsylvania Railroad, has been sched¬ 
uled for presentation in the session on 
transportation. - 

John Fbitz and Edison Medals 

Two of the most highly prized rewards 
for engineering accomplishments will be 
presented in the Engineering Auditorium 
on the evening of Wednesday, January 27. 

The Edison Medal will be presented 
to Dr. Edwin Wilbur Rice, Jr., for his 
contributions to the development of elec¬ 
trical systems and apparatus and his 
encouragement of scientific research in 
industry., • 

The John Fntz Medal will be presented 
to Dr. Michael Idvorsky Pupin for his 
accomplishments as a leading scientist, 
engineer, and author, and as inventor of 
the tuning of oscillating circuits and the 
loading of telephone circuits by: induc¬ 
tance coils. . "V • 


Details <$f Jhe award of the .John Fritz 
Medal were published in Electrical 
Engineering, No^. 1931, p. 911. De¬ 
tails of the award'of the Edisop Medal are 
published on p. 61 of this issue.' 

Entertainment Features 
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and smoker with. entertainment wiH be 
held in the headquarters building cm 
Tuesday evening, January 26. This 
informal occasion affords a splendid 
opportunity to renew old acquaintances 
and to make new one§. Tickets will be 
$3 per person. " 

The duiner dance, for many tyears an 
outstanding social eyent of the Institute; 
will be held in the Grand Ballroom of the 
Hotel Astor, Thursday evening, January 
28. Tickets will be $6 per person. Reser¬ 
vations may be made in’advanoe for tables 
seatipg eight or ten people. 

For women guests a specially planned 
program has been arranged by the ladies’ 
entertainment committee under the chair¬ 
manship of Mr« E. B. Meyer. 

On Wednesday, January 27,6:30 pan., 

. V’’ s , '-: 

JImjctbical ENOihaaia^iNG 







* • » 
graduates of Columbia University* will 
v dine at the Oolui&bia University Club 
4 West 43rd Street, in an informal* get- 
together dinner which will finish in tiifle 
to enable T;hem to attend the regular . 
.evening session. Pricd^l.50! Forreser-, 
v&tions address A. D. Hinckley, Columbia . 
Umversity. 

Register^ in Advance »* 

Each member should register in advance 

by mail, thus permitting the committee 
in charge to have the badges ready, saving 
time and reducing congestion at the regis¬ 
tration desk. A card for this purpose Tvas ( 

included in the mailed announcement. * ' 

Reservations for hotel accommodations £ 
should be made by writing directly to the i 

hotel chosSn. Rates for some of the hotels J £ 
were listed in the mailed announcement J' 

m * l 

Revised Schedule op Events 

o b 

Monday morning and evening have been loft a 
open for committee meetings. Capital letters C 
a, u, etc., denote technical sessions p 

* » ■*" tl 

Mondaf, January 25 ' a 

10:00 a. m. Registration •, ^ 

2:00 P- Opening of Convention ai 

A—Protective Devices di 

B—Instruments and Measure- ar 
““V 8 s, 


' 2 *° P- m - J—Electrical Machinery 

-to* ' K—^Transportation > 

7:30 P- m. • Dinner Dance 

, * 

Friday, January 29 

10:00 a. m. —Symposium on Time and Time 

Services „ « 

2:00 p. m.<* M—OomnSunication « * 

. N—Electric Welding ® 


Inspection Trips 

e e» 

^.ttentian of ajl of those who will attend 
the convention *s called^to the fact that 
members of the inspections trips commit¬ 
tee will be pleased to as'sist in the Tn n .v,v, g 
of necessary arrangements for the visaing 
of neighboring plants or other pdints of 
special interest. Tfce committee asks 
that members make known their desires 
as soon as possible after arrival. 

U.S. Naval Air Station and U.S.S. Akron 


Tuesday, January 26 

v. 1 - < « ®y m P° siura on Distribution 
Circuit Lightning Protection 

D—General Circuit Theory 
2:00 p.jn. E—Selected Subjects 

6:00 p. m. Buffet Supper and Smoker 

Wednesday, January 27 

10:00 a. m. F—Symposium on System Sta¬ 
bility 

G—Research 

1:15 p. m. Inspection Trips 
2:00 p. m. Board of Directors Reefing 
•Sao p. m. JSdison Medal and Jfehn Fritz 
Medal Presentations * 

Thursday, Janu^jy 28 * 

10:00 a. m. II—Electrical Machinery * 

I—Electrochemistry and Electro- * 
metallurgy „ 


The great Navy dirigible U.S.S. Akron, the 
building of which was started November 7,1929 
and completed August 8, 1931. when it was 
christened by Mrs. Jlerbert Hoover before ap¬ 
proximately 150,000 people, now Is stationed at 
the Naval Air Station at Lakohurst, N. J. The 
committee haif arranged for an inspection of 
this world famous battleship of the air. Through 
the hospitality^f the commanding officer of the 
air station, the hangars will be visited Wednes¬ 
day afternoon, January 27, when both the Akron 
and the Los Angeles are scheduled to be there. 
Special arrangements ar^t, being made with the 
raikoad, which will furnish accommodations ait a 
very reasonable figure. 

Scenic Trip via George Washington and 
Bear Mountain Bridges 

During the lost convention, an inspection 
trip was mado to the Godflge Washington Bridge 
then under construction. This engineering 
monument with Its 3,500 ft. suspension span, tire 
longest In the world, Is now completed and in ser¬ 
vice forming an Important traffic artery between 
New York and New Jersey. Further up tiie Hud¬ 
son River at Bear Mountain is another famous ' 
span which forms an important connecting Unit- 
between the highways on either side of the 
Hudson River. A ride over the highways in 
this vicinity provides a magnificent motor trip 
De luxe buses will, on Wednesday afternoon, 
January 27, start from the Engineering Societies 
Building, cross the new George Washington 
Bridge, travel north up the Hudson River on 
the top of the Palisades to the Bear Mountain, 


Bridge, ’tross the Bear Mountain -Bridge and* 
return to the starting point via scenic New 
York Stat^, highways. 

New Jersey Industrial Area * *• 

ie For those who would enjoy a bus trip thfough 
the industrial area of New Jersey, with brief 
stops at points of speciflclnte rest, a trip is in 
contemplation and will be described more fully * 
in the convention literature. 

* 

Othei* Points of Interest 

^ Opportunity will be afforcted to those who 
t TisJ t the installations of the neighboring 

_ utilities, railroad electrifications completed or in 
„ Progress, or industrial and other enterprises « 

> which may command tho interest of the members • 

■ ^ Qir euests. Inspection privilege to visit 

! following places®of* interest "has been • 

accorded: • 

Railroad E i SSSa^“ !k, *™'“ “ d ' Westor " 

p„SS.*a ela 3 d ^ J -) switching station of tlTe 
Public Service Electric and Gas Cofnp^ny 

tandem compound units of tho 

rSSSr?*' at * d th0 company’s 

EdisomOomptnf e neratinB 8 * Uan ° f N ° W Yo * 

5. New Eighth Avemio Subway,substations 
BuilJffig iCal dl3trlbutiotr in Empire State 
7. Electrical Testing Laboratories 
' triccd^dety lnstituto of New York Elec-" 

9. .New three-power locomotives of New Yorlc 

hwP]iS?A» aild tlieir .reproduction as received on 
local receiver, may bo witnessed"* « 

short wave radio 
ttf’ ^dalso control room at 24 Walker St., 
ror ship-to-shore and transatlantic Service 

T iJ ne service bureaus of New York Tele- 
SmpaSy mPany ’ Western Union Telegraph 

if- service of Ameri- 

it^Tdker’st 110 and Telcgraph Company at 

^7° rk Museum of Science and Indus- - 
juay be seen the new permanent 
power, and electrical science 

"front2, e v^r? lghtlne ofthe , statlleof LI borty (See ' 

1 ° ■.<*£$ SgffiSKSS “ a,lbl * “ d “ Mrol 




200,000-lcva. turbine*generator unit recently installed in the Brooltl) 
Edison Company’s Hudson Aveiiua Statibii 
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on Institute Directors 

Hold December Meeting 

The regular meeting of the- A.I.E.E. 
board of directors was held at Institute 
headquarters, New York, December s 
1931. 

Present were: President —C. E. Skinner, 
East Pittsburgh, Pa. Past-president— 
W. S. Lee, Charlotte, N. C. Vice- 
presidents— H. P. Charlesworth, New 
York, N. Y.; L. B. Chubbuck, Hamilton, 
Ont.; A. W. Copley, San Francisco, Calif.; 
W. B. Kouwenhoven, Baltimore, Md.; 
T. N. Lacy, Detroit, Michs; I. E. 
Moultrop, Boston, Maes.; P. H. Patton,’ 
Omaha, Neb, Directors— L. W. Chubb 
East Pittsburgh, Pa.; A. B. Cooper! 
Toronto, Ont.; B. D. Hull, Dallas, Tex.; 
J. Allen Johnson, Buffalo, N. Y.; A. E. 

. Kmowlton, New York, N. Y.; F. W. Peek, 
Jr., Pittsfield, Mass.; C. E. Stephens, 
New York, N. Y.; R. H. Tapscott, New 


» » 



York, FT. *5T.; *H. R. Woodrow, Brook¬ 
lyn, N. Y. National T&asurer —W. T. 
Slichter. National Secretary —F. L. Hutch- 
instm, New York, N. Y. 

Th.fi minutes of the directors* meeting 
, of October 23,1931, were approved. 

* 'The following minute was adopted in 

memory of the late Dn*!., T. Robinson: 

, *■ «• 

, ln toe keen appreciation of the loss sustained 
bjr the field of electrical engineering and by the 
American Institute of Electrical Engineers 
through the deat^ on November 3, 1931, of 
r Dr - Lewis Taylor Robinson, f the board of direc- 
' tors of the Institute adopts this minu te and 
directs that a copy be sent to Dr. Robinson’s 
» famllyf * 0 ( < r <- 

“In the passing of Lewis Taylor Robinson, 
there was removed from the profession of elec¬ 
trical engineering one'of the men to whom that 
profession is mosfb deeply indebted; -ftho, as an 
Institute porker, gave generously of his time 
through service as manager and vice-presidentf 
and member for jpany years of the standards 
anC many other committees; a man whose unsel¬ 
fish interest and devotion served as a steadying 
and guiding, influence, and! whore sound* judg¬ 
ment and plea&ing personality won for him 
throughout his long years of service the high 
?espect of the many with whom he j n 

contact." 


hereby expresses tcfMr. William S. Barstow, a 
fonier director and vice-pfesident of,this 
Institute ancj. now president of the (Edison Pio¬ 
neers, its high appreciation of his action in pre¬ 
senting to the Institute a ljronze bust of Thomas' 
A. Edison, and directs that this bust'be placed 
upon exhibition in a prominent place at Institute 
headquafteps. • • 

r. 

The following new by-law was adopted, 
defining the scope of the committee men¬ 
tioned therein: r 

♦ 

The committee on mmomic'’status of the engi¬ 
neer shall consist orf five members, and shall 
consider matters relaflng to the position, func¬ 
tion, and responsibility of the engineer in the 
development of human»welfare, and make 
reports ^nd recommendations thereon to the 
board of directors. TJie committee shall co¬ 
operate with similar committees of other engi¬ 
neering societies, and shalf also consider and 
report upon all matters referred to it by the 
board of directors, the president, and the 
naticfaal secretary. 


A report of a meeting of the board .of 
r examiners held November 24, 1931, was 
presented and approved. Upon the rec¬ 
ommendation of the board of examiners 
* 1210 following'actions we^e taken upon 
pending applications: 789 Students were 
enrolled; 45 Associates were elected; 7 
applicants were elected to the grade of 
Member, and 15 were transferred to the 
grade of Member. *• 

Approval by the finanee committee of 
monthly bills amounting to $24,129.97 
was ratified. n 

A resolution was adopted to the effect 
that the 1932 annual (business) meeting * 
of the Institute will be held on Monday, 
June 20, at Cleveland, Ohio. 

Appointments were made as follows; 

H. H. Barnes, Jr., as a member of the 
Edison Medal committee, succeeding 
Dr. L. T. Robinson (deceased); H. S. 
Osborne, successor to Doctor Robinson, 
as a representative of the Institute on the 
standards gouncil of the American Stand¬ 
ards Association; A. W. Berresford as an 
Institute representative on the board of 
trustees of the United Engineering Trus¬ 
tees, Inc., for the three-year term begin¬ 
ning January 1,1932; and W. S. Barstow 
reappointed to the library board of the 
United Engineering Trustees, Inc., for 
the four-year term beginning January 

I, 1932. 

A communication from W. S. Barstow 
wa,s preserved, in which he advised of his 
intention to present to the Institute, a 
bronze bust of Thomas A. Edison (a 
replica of the marble bust presented last 
April to the Deutsches Museum, Munich, 
Germany) and the following resolution 
Was adopted; . ' 

Rbsoivdd, That the board of directors 1 ojT the 
American Institute of Electrical Engineers 


In response to an invitation to be repre¬ 
sented at the Seventh American Scientific 
Congress to be held in Mexico City 
February 5-19, 1932, Resident S kinner 
was appointed as the Institute’s delegate 
.to this congress. * 

Upon invitation from the Kelvin Medal 
board of award (8f England) to no minat e 
a candidate for the award of the Kelvin 
Medal in 1932, the president was author¬ 
ized to appoint a Committee to report 
recommendations at the January meeting 
of the A.I.E.!*. board. 

The board accepted offers from Past- 
Presidents Ralph D. Mershon and 
Willi&m S. Lee eaqji to donate a golf 
trophy (to replace the Mershon Cup 


whiefi iij June 1931 passed into the per¬ 
manent possession of L. F. Deming of 
Philadelphia, and authorized the appoint¬ 
ment of a committee to work out the 
• details in connection with both trophies. 

r Consideration w&s given to a request,. 
«*from the Institute of Electrical Engineer 
of Japan for assistance in carrying out two 
projects under the Iwadare Foundation, 
as'follows: (1) Sending Japanese electrical 
engineers to the United States each year 
to study, and r (2) inviting eaeh year dis¬ 
tinguished electrical engineers from the 
United States to deliver several lectures 
in Japan. The appointment of a continu¬ 
ing committee to carry on this activity 
wsfe authorized. 

Approval was given to a proposed by 
«The Engineering Foundation to„establish 
^research procedure committee, consist- 
of one representative from each of the 
four national societies of civil, mining and 
metallurgical, mechanical, ^and electrical 
engineers, and 'two representatives of 
The Engineering Foundation. The pres¬ 
ident was authprized to appoint the 
Institute’s representative on this coipmit- 
tee. ^(President Skinner later designated 
L. W. Chubb, chairman of the Institute’s 
committee on research.) 

A report was received from G. L. 
Weller, the Institute’s representative rat 
the Fourth Pan-American Commercial 
Conference, held in Washington, October 
5-13,1931. 

Other matters were discussed, referenda 
to which may be found in this and fyiture 
issues of Electrical Engineering. 


A.I.E.E. Nominating Committee ;, 

Announces Official Candidates for, 1932 


COMPLETE official ticket of candi¬ 
dates for the Institute offices that will be¬ 
come vacant August 1,1932, was selected 
by the national nominating committee 
which met at Institute headquarters, New 
York, December $, 1931. This committee 
consists of fifteen members, one selected 
by the executive committee of each of the 
ten geographical districts, and the remain¬ 
ing five elected by the board of directors 
from its own membership. 

The following members of the commit¬ 
tee were present: C. T. Almquist, Nor- 
man, Okla.; F. J. Chesterman, Pittsburgh, 
Pa.; A. B. Cooper, Toronto, Ont.; A. W. 
Copley, San Francisco, Calif.; Bancroft 
Gherardi, New York, N. Y.; B. D. Hull, 
Dallas, Tex.; : ,W. B. Kouwenhoven, 
Baltimore, Md.; T, N. Lacy, Detroit, 
Mich.; P. H. Patton, Omaha, Neb.; C. E. 
Rogers, Seattle, Wash.; p. E. Stephens, 
New York, N. Y.; R. H. Tapscott, New 
York, N. Y. (alternate for A. M. Mac- 


"Cutcheon, of Cleveland, Ohio); R. G. 
Warner, ^Tew"Haven, Conn.; and F. L. 
Hutchinson, New York, N. Y., secre¬ 
tary of the conftmttee. Past-President 
Bancroft Gherardi was elected chaerman 
of the committee. 

The following is a list of the official can-, 
didates as selected by the committee: 

Fob President 

H. P. Oharlesworth, vice-president, Bell 
Telephone Laboratories, New York, N. Y. 

d 

For Vice-Presidents 

North Eastern District (No. I): J. 'Allen 
Johnson, chief electrical engineer, Buffalo, 
Niagara & Eastern Power Corporation, Buffalo, 

New York City District (No. 3): E . B . Meyer 
vice-president, United Engineers & Constructors 
Inc., Newark, N.J. , 

Great Lakes District (No. 5): K. A. Auty 

sales engineer, ‘Commonwealth Edison Com¬ 
pany, Chicago, Ill. 

• ■ 9 * ' ... ■ 
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' ‘Soilth We S t District (No. 7): G.-A*.» Mills 

engine « r - ,°n ral & South Wesl UtUitS 

*• 2 T mP ^^’ VlC6 ‘ president - Pecos Valley *Bqiver 
& Light Company, Dallas, Tex. • ^ 

North West District (No. 9): C.*R. Hig?on 

j^, e ^ tendcnt of distribution. Utah Power &, 
^Light Company, Salt. Lakft City, Utah. 

4 * 

Fob Directors • 

tZlCy ’ Chief engineor . The Ohio Bell 
e ephone Company, Cleveland, Ohio. . * 

A. H. Lovell, assistant dean and pmfessn. nf 

sssjsst * b """* 

General HooW^bimplSy^SchS^ n’y.' 
For National Treasurer * 

w. I. Slichter, professor of electrical efief. 
neeripg, Coliunbia University,■•New York, N. Y 

Tlie institution and by-laws of the? 
Institute provide that the hominawf 
*«tde by the national nominating com¬ 
mittee-sJiall be published in the January 
issue of Electrical Engineering. Pro¬ 
vision-is made for independent nomina¬ 
tions as indicated in tlie following excerpts 
from the constitution and by-laws : 

Constitution 

■a&Viwlte “W *> 

members sent to the NaUona/ 1 m, 1 ' n l oru 

and as provided in (L b,,). Secretary when 


- *■ 

A Scoreboard.* Visible Against* Sunlight 


t ^: e eaibri ^- ?«-, — 
with comparative ease. Moreover the fi^ra^tw « P i ayGrs ’ p1ays » and the score 
accurate and perfectly in time with’the ^ acr ° SS tbis now board are 

trolled by a push-button station on tho r n. ^ j action of the board is con- 

Electric Company, is 30»ft. long and 12 ^ b ° ar ?’ built by tbe Gene ral 

and numeral indications are flashed to the \ fa ° e 18 dul1 blaelc and tbe baJ1 
so controlled that their brilliance varies wfth IhT* ^ gZ ? U ? S ° f incandoscen t lamps 


By-Laws 


ballot of such candidates as arc eliaibl,, “ 0 


* 

(Signed ) NatfJmaA Nominating Committee 
By F. L. Hutchinson, 
. - Secretary 

Biographies op Nominees 

* 

That those not personally acquainted 
with the nominees may know something 
of them and their.qualifications for the 
offices for which they have been recom¬ 
mended, brief biographical sketches of 
each are given herewith. 

* 

H. P. Charles worth 

Harry Prescott Charles worth was born In 
flawerhiU Mara., April 7. 1882. After gradua- 
• taon by the Massachusetts Institute of Tech¬ 
nology in 1905 with t^e degree of Bachelor of 
Science, Mr. Charlesworth entered the engi¬ 
neering department of Jhe American Telephone 
and Telegraph Company, then located in 
Boston. His early assignments had to do with 
the development of telephone ciiyuits and 
associated apparatus. Later ho wah active for 
several years in the development of toll operati¬ 
ng methods and the general related engineering 

January 1932 * * 


f, T lnvolVGd in extending aifH improving 
telephone service. ^proving 

n JEf h J“f 8 ° poniDB of war he was spirally 

ssipjed to handle probloms wherein the Bell 
System could be of assistance to the government 
in the national emergency. In this capacity he 

tk^’ mi? 011 ! th ° war ’ acWvo on coHimunlca- 
1“““ for arm y camps, naval bases, 
supply depots and particularly for the govern¬ 
ment departments at Washington, where he 
also assisted the telephone company on general 
equipment and traffic engineering matters. 

fnn S ^° r l y f ft f t ' h0 closo of tho war ho became 
equipment and transmission 
engineer of tho American Telephone and Telo- 
graph Company; in 1920 was appointed plant 
engineer of that company, in which position ho 
was concerned with all phases of tho engineering 
of the telephone plant and with relations with 
other wire using companies. In December 1928 
he was elected vice-president of Bell Telephone 
Laboratories, Inc,., where he now directs opera¬ 
tions involving more than 5,000 people engaged 
in development, research aiffi related activities 
pertaining to tho communication art 
Mr- Charlesworth became a Member of the 
Institute in 1922 and a Fellow in 1928 Also 
he was a manager (1924-1927), chairman of the 
meetings and papers committee ( 1927 - 1929 ) 
f* d ,n^ maQ ° f th0 Now York Section (1929 .’ 

dibSI? a? b ^f me vlC0 - presidQnt (representing 
Dtetriet No, 3) and member of the board of 

k , haS S0rved on many Institute 
committees, being at present a member of the 

executive, coordination, Institute policies, 
finance, legislation affecting tho engineering pro¬ 
fession, technical program, and the Edison and 
Lamme Modal committees. He also is a renre- 
sentative of the Institute on the board P of 
United Engineering Trustees, Inc.; a member of 
the National Research Council's division of 
engineering and industrial research, vlce-chair- 
raim of the A.S;A. electrical standards com¬ 
mittee, and a member of several other scientific 
organizations. 


J. Allen Johnson 


bnm 8 ^ AlL t BN JoHrtrsON was b orn at North 
boio, Mara June 21 , 1882 , and received hi, 
early education in the schools of that town Hi 

7ZZl dU '^l r ° m tllS Worc «s<-or PolytochS* 
Institute with the degree of Bachelor of Sclenet 
in electric^ engineering in lfl 05 . 

From 1905 to 1912,, he was employed in 
electrical engineering worff by the Ontario Power 
Company of Niagara Falls, being appointed 

In imv r 6111661 * ° f that W2 

In 1917 this company was purchased by the 

flYcl |‘ OGlGCtrlc Power Commission of Ontario of 

Mr. Johnson became assistant on£neer 

but still retained bis other position. I n 1918 he 

wts appointed electrical engineer of the Cliff 

piw2 fflo DiSf:rlbUt i 118 0omp£my a -d hXS 

L® mpany Niagara Falls. N. Y and 

the nUT M?° na0li t abfon ° f th0SB Comp anies and 
5®°“ NIaga raF^ls Power Company to form 
The Niagara Falls Power Company in 1918 h« 
became electrical career of ticSligS cia 

Pmy. In 1928 he was appototml chief cloctrS 

engineer of the Buffalo Niagara & Eastern 
Power Corporation, which position ho now hold™ 
Mr. Johnson has contributed several im¬ 
portant technical papers on such subjects as 
excitation and voltage control, reactors in 
hydroelectric stations, fire protection in a-c 
gea ® ratora ' retardation method of loss deter- 
mination. in 1926 he was awarded the "best 

P S 6 :^ f ° r Dlst rlct No. 1, for his papeJ 
The Retardation Method of Loss Determina- 

t ? GLarse Nlagara <^nerateS^ 

l 9 ^Vni ^ I “ titute as an Associate in 
1907, and was transferred to the grade of Fellow 

at n ? b ^ 1S L 27, He has a s a member 
, . ® elec trochemisbry and electrometallurgy 
fz ^ rcacMnery, and protective TSS 

committees. He became a director of the Insti¬ 
tute in 1928 and served as chairman of the 
membership committee for the two years 1929 ! 

thfl J? was * he organizer and first chairman of 
the Niagara Frontier Section and servedffi that 












capacity flfcm *the date of its organization, 

February 10,1925 to July 31/71926. r 

He also is a member of the National Electric 
L^ht Association and the American Association 

for the Advancement of Science. 

* 

E. 

EftyAKD Barnard Meter was born October 
22, 1882, at Newark, NfiV Jersey. * He received 
his technical education ^,t the Newark Technical 
School, from which he tfas graduated in 1901, 
and at Pratt Institute. Brooklyn, New York, 
whence he graduated from the electrical engi¬ 
neering course in J.903. 

That same year, Mr. ftieyet entered the 
employ of Public Service Corporation of New 
Jersey as an engineering assistant and remained 
continuously with organization afid its 
subsidiary companies until 1922, holding suo 
cessively the' positions of field engineer (1900) 
in charge of the underground conduit and cable VsitlCa I 

Systenr, assistant engineer (19Q9) supervising the * v,v ' ai 
preparation ft f special estimates and rep<frts r and 
of construction operations, and assistant chief 
engineer (1919).^ With the formation Itj, 1922 of' 
i&e Public Service Production Company he was 
appointed its cfiief engineer. 

In 1929, r Mr. Moyer w^5 m£dQ a Vice-president 
of ^Public Service Production Company, and in 
1930, on the occasion of the merging of that 
company with United Engineers & Constructors 
Inc., he was appointed a vice-president of the 
latter corporation In the capacity of executive ' 
and engineering head of the Newark office. 

Mjr. Meyer became an Associate of the Insti¬ 
tute in 1905, transferring in 1927 to'the grade of 
Fellow. Active in Institute service, Mr. Meyer 
now is chairman of the following Institute com- 
*' mittees: publication, award of Institute prizes, 
constitution and by-laws, Edison Medal, and the 
winter ’32 convention; a member of the follow¬ 
ing committees: coordination of Institute activi¬ 
ties, power generation, and representative for the 
Institute on the engineering societies mono¬ 
graphs committee. Within recent years Mr. 

Meyer has been chairman of A.I.E.E. com¬ 
mittees on meetings and papers (now technical 
program), trans m ission and distribution, finance, 
and executive committee of the New York 
Section; a member of the headquarters, Sec¬ 
tions, membership, and several special and subr 
committees. Also ,> lie was the Institute’s 
representative on the U.S. national committee 
IJE.O. 

Mr. Meyer’s other technical activities have 
included active participation in N.E.L.A. and 
A.S.A. affairs, membership on the board of 
directors of the New York Electrical Society, 

Inc., membership in the Essex (County, N.J.) 
r Electrical League, the U.S. Chamber of Com¬ 
merce, the A.S.M.E., and the A.E,R*A. Dur¬ 
ing the World War he r served on important 
committees of the U.S. Asmy and Navy. His 
numerous contributions to the technical press 
have dealt chiefly with electric transmission and 
distribution problems, and includes his book 
“UndergroundTransmission and.Distribution.” 

.K.;'A.‘ Atopy! i' v. 

Kabii Anprb Awr was born in Yorkshire, , 

England, of English parents and is now in his 
fifties. His education was pursued in Wheel¬ 
wright Grammar School, H.M.S. Conway a 
British Naval Training Ship, and In the milit ary 
class of a Paris university. 

Family* 1 circumstances having chang e h e 
took the engineering course at Victoria Uni¬ 
versity, Nottingham. He then (1899) entered 
the Brush Electrical Engineering Company 
(England) as an engineering pupil for a three- 
year practical and theoretical engineering course. 

Subsequently Mr. Auty came into charge of 
the Brush company’s Lancashire district office, 
making a specialty of electrifying textile mills 
and oldfashioned traction systems. In 1909 he 


headed the sales promotional department of the* 
BAtish Columbia Electric Railway Company in 
Vancouver, r Oanada. During the (period *of his 
affiliation with that company he was «n active 
participant in the organization of the Vancouver 
Section of the Institute, and in the ndwly formed r 
company Section of the N.E.L.A. Also he' 
becamif a jnember of tha Illuminating Engineer¬ 
ing Society. Late in 1915 he joined the Com- e- 
monwealth Edison Company of Chicago, Ill. 
as power sales engineer in the contract depart¬ 
ment. During the World War, he also assisted 
the State Council of Defense of TlHnnia. in 
1917, he won the fnsull medal for his p%per 
“Advertising ouriE^W.H.’s." 

Mr. 'Auty became an Associate of the Insti¬ 
tute in 1912, and in'1917 was transferred to the 
grade of Member. Hg has been secretary, 


Transportation 



I O CONNECT a bay front business dis*- 
trict with a residential district 195 ft. 
above it, La Cerda Tower was placed in 
operation recently in Bahia, a coastal city „ 
in northern Brazil. The reinforced con¬ 
crete tower is 240 ft. high and houses two 
large Otis express elevators reputed com¬ 
parable with those used in the largest 
modern skyscrapers. On the day follow¬ 
ing its inauguration, more than 24,000 
passengers were, carried at 160 reis, a little 
less than two cents, per trip. 


(1924-5), vice-chairman (1925-6), and Rhuirm an 
(1926-7) of the Chicago Section, and a member 
of the 1929 and 1930 national nominating 
committees. As an active member of the 
Western Society of Engineers (Chicago) he 
has served as chairman of its electrical section 
(1926-7), member of its board of management, 
and member of its Washington Award commis- 
sion (1927-9). He is an Associate of the 
Association of Iron ^d Steel Electrical Engi¬ 
neers. He assisted in the original foundation of 
the Midwest Power Engineering Conference, 
and for the past four years has served as Its 
treasurer. He is an earnest advocate and 
ardent promoter of amateur sports, and is 


54 


servirg as president of several amateur athletic 
organizaTdonCi. 

, n t r 

Q. AT. Mrpns 

ft n 

George Arthur Minns was Jb° rn 5. 
1885, in Buchanan County, Iowa. Pursuit of 
<his parly education 'carried him through the 
East Waterlqp, Iowa, high school (1903) to the 
Iowa State College at Ames, whence he gradu¬ 
ated in 1909 with the degree of Bachelor of 
'Science in electrical engineering. 

Subsequent to his graduation from college, he 
served an apprenticeship course with the Allis- 
Ohalmers MarvQfacturing Company at its works 
in Cincinnati. Ohio. From that activity he 
went to * Philadelphia where be served the 
University of Pennsylvania as instructor in ^ 
electrical engineering (1910-11). 

Leaving his educational pursuits, he became 
iqr succession: electrical engineer for the Water¬ 
log, Cedar Fails and Northern Railway Com¬ 
pany at Waterloo, Iowa, (1911-17); electrical 
engineer for the Winnipeg Electric Railway 
Company, Winnipeg, Canada (1917*-19); general 
Superintend<Sit for the Wisconsin division of the 
Northern State Power Company, at Eau Claire. 
Wls. (1919-24); vice-president and general man¬ 
ager of the Kewanee Public Service (Company, 
Kewanee, Ill. (19)24-26); chief engineer of the 
Central and South West Utilities Company, 
and vice-president of the Pecos Valley Power & 
Light Company, both of Dallas, Texas (1926- 
todate). < * 

Mr. Mills became a Member of the Institute 
in 1©18, and was a charter member and first 
chairman of the Dallas Section of the Institute. - 
which was formed June 2,1928. 

C. R. Higson n 

Ohableb Roy Higson was born in Salt Lake 
City, Utah, August 29, 1893. After having 
completed his preliminary education in the 
grammar and high scl^ols of Salt Lake City, 
he entered the University of Wisconsin, whence 
he graduated in 1907 with the degree of Bache¬ 
lor of Science in engineering. *In 1912 he was 
awarded the degree of Electrical Engineer. f 

During the period 1907-1908 Mr. Higson was 
with the General Electric Company, at Schenec¬ 
tady, in the test course. In 1909 he returned to 
the University of Wisconsin as instructor in 
electrical engineering, where he remained until 
1912, whan he entered the employ of the Utah 
Power an£ Light Company. He has been with 
that company continuously since then, holding 
the positions of engineering assistant (1913-18) 
assistant engineer (1918-25), mid finally taking 
hi? present position of superintendent of distri¬ 
bution in 1925. 

Mr. Higson became affiliated with the Insti¬ 
tute in 1P21, and has served as chairman of the 
Utah Section, and as chairman of the Pacific 
Coast convention committee (1926). He has 
taken a prominent part in engineering activities 
in Salt Lake City, and served in 1930 "as presi¬ 
dent of the Engineering Council of Utah. . 

Gv A. Kositzkt 

r 

Gustav Adolph Kositzxy was bom April 
20, 1879, at Yankton, South Dakota. His 
early education was obtained in the Yankton 
and Niobrara (Neb.) public schools. Subse¬ 
quently he spent four years at the University of 
Nebraska and then, two years at Cornell Uni- * 
versity, graduating in 1905 with the degree of 
Mechanical Engineer in electrical engineering. 

He then entered the employ of the New York, 
and New Jersey Telephone Company at Brook¬ 
lyn, N. Y., in construction and engineering work. 

In 1907 he was promoted to construction engi¬ 
neer and during the following two years engi¬ 
neered the rebuilding of the outside distributing 
plant in that city. ..Following this, he was loaned 
(1910) to the Pacific Telephone and Telegraph 
Company in Charge of plant engineering work 
covering the larger cities along the Pacific coast. 

Electrical Engineering 





Bell TeltnhT t £ nsferred tPthe s ^SWestern 
' £7aTa £ P «TL° 0mpany - Fr * m that date up 
V. to 1919 be fllied ta ® Positions of plant engineer 
^ perintondent - and’genJlfengil 
neer. In this fetter position he w^s in chwge of 
^nation worh in connection with se jfarge’ 
, ate oasesin Missouri. Kansas, and Texas. » 

'* Ia 1919 Mr. Kosibzky was appointed chief 
* nM^ leer ° f tbe ° eutral Union.Telephone Oona- 
pany operating in Illinois, Indiana, and Ohio 
with headquarters in Chicago. In 1021 ho 

T engincer of th ® Ohio.Sell 
Telephone Company with headquarters at 
Cleveland, the position he now occupies** For 

TOrn» S9 r rol5 '“"' 1,e, “ r “ :Wa, * 6 ”e 1 ”“ri«s 

work in connection with the unification of 
telephone service throughout Ohio which came 

ab6afc ! ir ° Ugh thG merslu e of the Bell and inde- 
p ndent companies. This presented the largest 
engineering problem in connection with the 

htetoS ° f . t0l ° phon ° service in telephone 

tuto in?noo Zk ^. bCCa “ G a Member of the Insti- 
tute in 1022 and was transferred to the grade t>f 

Fellow in 1929. During this period ho haThr In 

active in Institute matters and has sorvod^as a 

^,t^ be r v , arious committees both local and 
national, the latest as chairman of the communi 
cation commit too during the years 1929 and 

land 'W? 1 soat 110 is «*>airman of the Cleve¬ 
land Section. Also he has served the Cleveland 
Engineering Society as trustee, vice-president 

d T fc (1928; - Hfl ls A past-presidonTof 
thd Nebraska Club of Cleveland; is a member 
of the Cleveland Chamber of Commerce and of 
several social and athletic clubs * 


A. II. Lovell 

On^ RBD J! lBNRT Lovf0I ‘ T -was born in Hamilton 
Ontario, Canada, July 13 , 1884. His earlv 
education was obtained in the public schools of 
^toat city and in the Collegiate Institute at 
-Niagara Falls. He received his degree of 
Science in electrical engineering 
non* the University of Michigan in 1909 and his 

'tton hfl 01 fr ° m tho same 

191 / He has bad a varied experience in 

nroStoT construction of power generation 
projects, having served on the engineering staffs 
of such organizations as the Ontario Power Oom- 

(iToV tofu' ^ e . Tol ^ ride p <>wer Company 
(1906), the Rochester Railway & Light Com¬ 
pany (1009-10), and the GladwinLfeht & Power 
Company .(1912;. He has boon .on appraisal 
work with tho Detroit Edison Company, the 
Moxia Power & Light Company, and others and 
on r^biut^ion design of tlie Kansas City 
Raflways plant. -Ho was with Muralt &. 0 om- 
Khi 1 ^ 11 ^>. transmission line contractors 
Ontario Hydro ' Elocfcric p °wq|r Commission of 

rri > , U ? 1 a g * tbe War Professo I L °vell served in the 
United states, England, aftd France as Colonel 

?JT 00re ” lth the 310fcb Engineers. (Michi- 
gam Wisconsin) and later commanded the Third 
Engineer 1 raining Regiment at Camp Hum¬ 
phreys, Va. P m 

After soryjng since 1911 as an instructor he 
was appointed (1919) professor of electric power 
engineering at the University of Michigan, and 
to 1929 was appointed assistant dean of the 
College of Engineering, both of which positions 
m now bolds - Ue is a member of Tau Beta Pi 

hS ma m an , d Kap3 £ PW> Professor Lovell 
has written for the Michigan Technic and is the 
author of a text “Generating Stations." 

Professor Lovell became affiliated with the 
Institute in 1912 as an Associate, transferring to 
the grade of Momber'in 1013 . He has served as 
secretary-treasurer, vice-chairman,’ and chair¬ 
man of the Detroit-Ahn Arbor Section, and now 
is a member of tho Institute's committees 
on education and power generation. Also he 
!? t , a m ° raber °f the N.E.L.A. «fereat Lakes 
Division) committees on overhead, and under¬ 
ground systems, and chairman of the committee 


•* PrnmS« Cal ^ e ^ elneerlng ^ f the Society for the 
Promotion of Engineering Education. * 

A. C. Sevens 

Ril L rh«rt DE x B ° HI £ S0N Stbvdns was born in . 

?883 L ° ng , lsland ' N - Y - October 9, 
1883. After early schooling in Middletown 

F ^ s - N 

at Wesleyan University and three at 

with thA ? 6 eraduafced from the latter in 1907 
22*? desree °f Mechanical Engineer in 

toSSi enSin r ng ’ After ^graduation he 
taught foi several years, first at Wesleyan as 

.instructor in descriptive geometry and physics 
at Cornell, aS lQ ^ tructor ^ ^trica! engineering 

J* 1917 Mr * Stevens> Joined the staff of the 
transformer engineering department of the 

Hi Ta 1 ?! ? t lec . tric ° om Pany in Pittsfield* Mass. 

wltod in iQ educat ional Inatters re- 

, SUItod in ^ being platted in charge of the sale of 
apparatus to educational institutions for his 
S."“ h h ““ , “■“*» ■» Schenectady; 

A I M EEtr ha 1 be ° n acfciveter tested in 
in Tt ^ S i n ?M° ining « an Associate * 

hnfi 918 ' / Pltt9£ield ho was, for some years 
before moving to Schenectady, a member of S 
executive committee of the local Section^ 
/ohairman of several of the important 
man elett ' Secretary - and vice-chair- 

tl i/ h “ n l'h<i North Eastern District of the Insti- 
h te was organized in 1922, he was chosen by 
Vice-President G. Faccjoli to serve as district 
secretary, a position hollas held ever since 
The experience gained in planning the pioneer 
onw uf meeting at Worcester, Mass., and other 

was of *"•* hel P <» the 
Institute in formulating a definite policy with 

iegard to other districts. In 1930 ho accom 
panied President Harold B. Smith 21 m 
extended trip to Institute Sections in the Middle 
Eastern, Southern, and South Western Districts 
going as far south as Mexico City. ' 

Stevens is a member of the Sodetv for 

ol/— /-^“fi'hieerlng Education, the 
OorneH OJub of New York, Eta Kappa Nu 


“WnpBBAs, members of the engineering profit- 
• S? 35° r «®°* d to Sublic*invitations to sub- 
Srebyt- readerIng en S in ®ering services. 

eaC ° Urage and di ^y tlioiibove 
tmdesirable and objectionable practice; . 

their indi^ua! and professional repu¬ 
tation and standing; and 

dl ™ d » - 

In fc sSrjo?^^ e ffi°Sem f * th 

C °^ d 1 Q ^ ns the JJractico 0,1 tho part of 
soUaim ^ttblic officials and corporations of publicly 

®° b<dting blda fro m engineers for the miderlng or 
engineering profession»! <.or,ru„„. h 


i te Strons ^PProval on tlio part of 

beS^oHhft” a Par S Cularly on ^0 P'»’t of Mom- * 
bels of the American institute of Oonsultiug- 

? agbj ® ers ' °f the practise of responding to such 

S"/ ^ SUbmlt b i ds f°r th’eir professional , 

3 ’ ? ec / ds its^incero belief that tho above m-ac- 

subtdf acce Ptiag jpvitations to 

submit bids for the rendering of engineering 

services are certainly not hi keeping with the 

ilZT\ 0t ?J° teS3i0n!Xl cl ^ ra cter and dfeuity 
^V/ aQd In Iar ^ measure do-at 
222 ch^terhlQ and control {he engineering 
profession, Imd which jform mdst essential and 
Important elements of the foundation onVhich 

^ib^' nstitute of Oonsu,ting 15ng,n ^ 

: Y? on recommendation of the Insti¬ 
tute s committee on code of principles or 
professional conduct, the board of direc- 
ors of the Institute on December 4 ,1931 
adopted the following resolution; * * 


RBBOLvnD that the hoard of directors of the 
American Institute of Electrical Engineers here! 

bJ th*°Z B6S J, n pcblcip,Q the resolution adopted 
by the American Institute of Consulting End 
^ers, June 4. 1930, Condemning the jSi£e o^ 
advertising for bids for engineering services, and 

KBaor,v H p, further, that the board of directors' 
urges members of the A.I.E.E. to Sp^Sl 

practise,, and to give the;-* active support to 
suitable mfithndo n+ 


January 1932 


Engineers Condemn 
Bidding for Services 

The practise of publicly soliciting bids 
from engineers and the responding to such 
invitations was condemned severely in the 
following resolution adopted some months 
ago by the American Society of Civil 
Engineers; 

c» 

"WjaimBAs, the Council of the American Insti¬ 
tute of Consulting Engineers has beenasked to 
tho Practice, occasionally 
IS®*" 1 by Gerfcal11 public Officials and some Sr- 
P ra f Gns ’ °f 1 soliciting from engineers bids for 

rendering engineering services; and 

tb ° °° uncI118 flr mly of the opinion 
111 . the a "T ard of engagements for engineer¬ 
ing services, the element of the price pdd for 
such services is one of the least of several con¬ 
siderations which should receive weight in the 
detominatien of the award, Among tooseot^ 
ll. , 1 ! 0118 ° f 11116 rolative suitability of the 
™ d * ronsideration for engage¬ 
ment are, their personal integrity and stomgto 

aWH^ K S ier: v, tlieir executIve aud administrative 
the , character - extent and variety of their 
S; 6f “f 6Iia ? expe^ence; their general standing in 
the profession and before the public, etc. etc 
and, lastly, the compensation expected; and 


-—umpuamzmg tne ImportancA 

of selecting engineers ofi the basis of their quail 

fleations for the work under considerattom 


Report Submitted 
on lllumfnation Congress 

+ The report of the United States na¬ 
tional committee of the International 
Commission on Illumination for the year- 
ending November 1931 has been sub- 

presideilt > E - C - Crittenden 
(A19-M22). Representatives of the 
Institute on this permanent committee 
are; A. B. Kennelly (A'S8-F’13-Life Mem- 

0. Mailloux 

(A 84-F 12-Life Member and past-presi¬ 
dent); and C. H. Sharp (A’02-F’12). Fol¬ 
lowing are excerpts from this report: 

activities of the committee 
the outstanding events of the year have 
or course been the session of the Inter- 
national Commission held at Cambridge, 
England, September 13-19, 1931 and the 
International Illumination Congress which 
preceded the commission sessions. 


I'eehhicisl sessions qf the congress were 
held in Glasgow, Edinburgh, Buxton (in 
connection with Sheffield) and Birming¬ 
ham, Englhnd. 

It is impracticable to summarize the 
proceedings of the congress and the com- 
awssjph in any brief statement. In both 
cases many parallel sessions were Held; 23 
technical meetings wece scheduled foi'the 
congress; 22 specialized and 3 general 
sessions were listed for the commission, 
and in addition there were numerous com- 
r mittee meetings^and special conferences. 

-. . . Reports (of these sessions) were pre- 
sentedin October 1931 )jy Mr. G. H. Sljick- 
r ney (A’04-i' , 24) a&d other delegates at the 
Pittsburgh-meeting of the Illu min ating 
Engineering Society, and it is hoped that 
a Composite report based upon these r may 
be published! so as to be generally avail¬ 
able. The full report of proceedings of the 
congress will be a bulky document; it is 
understood that copies will be supplied 
gratis to those T wHo registered - as members, 
and* will be available for purchase by 
Qthers. 

At the sessions more than 100 papers by 
individual authors were presented in addi¬ 
tion to the committee reports prepared 
under the 18 secretariat projects which 
constitute the major activities of the 
commission. . c. . Contributions from the 
United States included 9 individual papers 
and 4 secretariat committee reports. 

“As to the value of the results of such an 
international gathering,^ is difficult to 
form a definite opinion?. Undoubtedly the 
sessions with the publicity which accom¬ 
panied them helped to create^ in Great 
Britain a general appreciation of the value 
of good lighting and of the artistic values 
of special lighting. .In the more tech- ' 
nical fields, properties of materials and 
methods of measurement, undoubtedly 
the sessions helped to promote uniformity 
of practise facilitating interchange of data. 
Definite progress was made also toward 
unification of practise in aviation lighting 
and the dimensions of lamp bases and 
sockets, the latter being a project of 
the Interactional Electrotechnical Com¬ 
mission with the I.C.I. invited to 
collaborate. . . . 

The next plenary session of the com¬ 
mission is scheduled for 1934; an invita¬ 
tion from the German national committee 
to meet in Berlin was accepted. . . . 
With regard to plans for the 1934 ses¬ 
sion, the American delegates urged 
that effort be made to concentrate upon 
a limited number of subjects and to 
have thos* subjects treated in a manner 
adequate and appropriate for an inter¬ 
nationalmeeting. . . . 

For the use of those who may wish to 
consult the papers presented before the 
proceedings are issued, complete files 
have been placed in the office of the 
IUuminating Engineering Society in New 
York City. 

/•- -v/^ 


Electricity In Mqdern Mldicin& . / 

£ ' ' r f r r * 

Discussed Before New r Yo|J<" Electrical Society 


A MOST SUCCESSFUL meeting de¬ 
voted to electricity in modern medicine 
was held by^the New York Electrical So¬ 
ciety, December 16, 1931, in the En¬ 
gineering Auditorium, New York, N. y. 
L.A. Cpleman la- president of this so¬ 
ciety and E.E. porting (A’13-M’22) 
is secretary. Dr. Howard Kelly, emeritus 
professor of gynecology at The Johns 
Hopkins University, Baltimore, Md., 
presided at the meeting and gave a short- 
history of the subject. r 
The first speaker was Dr. G. Failla, 
physicist of the Memorial Hospital, New 
York, N. Y., who discussed “Physical 
Advances in the Treatment of Cancer by 
X-Rays.” Doctor Failla described the 
method by which the cancer patient is 
exposed to x-ray radiation continuously 
24 hr. a day for periods up to two weeks. 
The radiation is secured from a 900,000- 
volt Coolidge tube avhich for <tfinical work 
is operated at 700,000 volts with a current 
of 5 milliamperes. Under these condi¬ 
tions the tube can be operated continu¬ 
ously for several hcmrs without trouble, 
and gives a radiation emission equivalent 
to that of 460 grams of radium costing 
more thai*, $22,000,000. Various other 
X-ray tubes also are being used in the 
experiment. At present it is not possible 
to predict the outcome of this investiga¬ 
tion. Thfc important biological effects 
produced by these high voltage X-rays 
at any given point in the body are being 
evaluated, however, and it is hoped to 
determine conditions producing the best 
clinical effects. 

Artificial Fever 

The second speaker, Dr. C. F. Tenney 
of the Fifth Avenue Hospital, New York, 
N. Y., discussed the use of short wave 
. radiation in raising the internal tempera¬ 
ture of a patient. The equipment pro¬ 
ducing this feverponsists essentially of a 
short wave radio machine having two 
plates between which the patient is 
placed. The resistance of the body to the 
short wave passing between the plates 
produces a rise in temperature particu¬ 
larly in the liver, kidney, spleen, heart, 
and muscles, so that without harm to the 
patient, the body temperature can be ele¬ 
vated from 98.6 to 104 and 105 deg. fahr., 
in from 60 to 80 minutes. The fever pro¬ 
duced is followed by a sweat without 
initial chill, and is much more comfort¬ 
able than other methods of producing 
fever. It is hoped that the method will 
be of lasting benefit in the treatment of 
rheumatism and diseases*of circulation. 

Doctor Tenney then described a port- 


sable equipment used for the production o| 
localized heating, such as in the knee, 
ankle, or other small portions of the body, 
without producing a complete fever. The 
heater consists of a vacuum-tube oscilla¬ 
tor and a full wave rectifier which supplies 
the high voltage for the oscillator. The 
high frequency oscillator consists of two 
pliotpons operating at a frequency of from 
10,000,000 to 14,000,000 cycles, the out¬ 
put of 200 watts being concentrated 
between two plates. The rectifier,* an 
oil-immersed transforiner having a 4,500- 
Wlt secondary and feeding two half-wave 
hut-cathode mercury-vapor tubes, fur¬ 
nishes the 2,000-volt d-c. supply |or the 
oscillator. A rheostat is connected in the 
primary circuit of the high voltage ^trans¬ 
former to provide pla^e voltage regulation. 

The condenser, plates are of thin alu¬ 
minum, 10 ifi. in diameter, and « are 
covered with hard rubber plates 12 in. 
in diameter to prevent arcing should the 
patient or attendant come in contact with 
them. In the field of undamped waves 
between the plates there is a rapid al¬ 
ternation with a 2,000-volt drop in po¬ 
tential. The greatest heating consistent 
with tube output has been obtained from 
the use of a 30-metef wave, oscillatiifif 

10,000,000 times per sec. between plates. 

* 

Electrosurgery 

•* f* 

A summary of the history of high fre¬ 
quency currents in medicine was given by 
Dr. G.E.„Ward of The Johns Hopkins 
Hospital, Baltimore, Md. and instructor 
of surgery, University of Maryland. The 
physics of high frequency currents was dis¬ 
cussed with special atteptioft to the bio¬ 
physical changes wrought in living tissue 
by the passage of so-called medical 
diathermy and electrosurgical high fre¬ 
quency current^ Diathermy currents 
are those which raise the temperature of a 
part or the whole of the body within 
physiological limits, while electrosurgical 
currents raise the local temperature well 
above that which is destructive to the 
cells. This destruction with related fac¬ 
tors makes possible the use of such current 
in the eradication of tumors ^nd other 
diseased tissues. Further attention was 
given by Doctor Ward to electro-cutting 
which has come into vogue in recent years 
for the removal of diseased areas. 

The Electrocardiograph 

■ p - 

The meeting was concluded with a dis¬ 
cussion of the electrocardiograph by Dr. 
H. Williams, professor of physiology at 
Columbia University, New York, N. Y. 
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Doctor Williams told of the physical 
aspects of the electrocardiograph. and 
••discussed the advantages of this equip¬ 
ment which is an important fa&or in tfie 
modern diagnosis of heart disease. The 
equipment makes use»t>f the variation in 
electric current aecompanyyig theVm- 
traction of the heart, and an instrument’ 
has been developed which is sufficiently 
sensitive and quick to follow the small and 
rapid changes in ‘the movement of this 
organ. * 


A.S.M.E. 

Holds Anrijjal Meeting 

Economies shared honors''with engiV* 
nearing as a subject of major interest at 
the fifty-second annual meeting of The 
American Society of Mechanical Engi- ’ 
neers, held in New YorS, N. Y., Novem¬ 
ber 30 to December"!, 1931. While the 
registration, approximately • 2 000 fell 
someVhat behind that of last year, there 
was no falling off of interest and signifi- 
’ oance nor in the broad extent of the pro¬ 
gram. Statistics indicate that there were 
scheduled some 26 technical sessions, 72 
coihmittee meetings, with 80 technical 
papers and reports presented, in addition 
to 6 special lectures and numerous other 
privities of a social and professional 
nature. 

Regarding^ the election of officers for 
1031-32 announcement was made as 
follows: President , C.N. Lauer; vice-presi- 
aents, R.M. Gates, C.M. Allen, P.H. 
Dorner.andW.B. Gregory; managers, A.J. 
Dickie, E.W. O’Brien, and II.R. Westcott; 
delegates to American Engineering Coun¬ 
cil, C.N. Letter, Paul Doty (Mvi.2), R.E. 
Flanders, C.E. Ferris, L.P. Alford, J.H. 
Lawrence (M’28), R.0.Marshall, J r . 

(M 19), A.A? Patter, W.H. Trask, Jr. 
(A’12), and E.C. Hutchinson. 
xha sessions included mijny papers of 
• undoubted value to electrical engineers, 
and it is hoped that space in future issues 
of Electrical Engineering will permit 
the inclusion of a major portion of this 
information. 


* 

* Electricity jlo be * 

Prpitf inent in Worfd s Fair 

. . ^tensive reservations for exhibit space 
m the electrical buildings of the 1933 
* World’s* Fair to be held in, Chicago 
already Jiave been contracted for by lead¬ 
ing manufacturers of electrical equipment 
and supplies, producers, of -radios, and 
telephone and telegraph companies which 
provide the nafion’s principal communi¬ 
cation facilities.’ The Metrical group now 
isbeing erected on Northerly Island which 
adjoins the mainland at the fair site on 
Chicago’s lake front; it is composed of 
three units: the eleetrical building, the 
Communication building* and the radio 
building. (See Electrical Engineer¬ 
ing, Y. 50, p. 762, Sept.,1931.) 

Space on the first floor of tSe electrical; 
uilding will ds devoted to demonstra¬ 
tions of manufacturing processes; the 
second floor has been reserved for displays 
aepicting the development of electrical 
engineering and electrical illumination. 
Connecting «with the eleetrical building 
on the north is the communications build- V 
mg, all spadb in whielf already has been 
contracted for by leading telephone and 
telegraph companies; their exhibits will 
tell stories of the discovery, invention, and 
perfection of modem wire communication. 

At the extreme northern end of the group 


is the*radio building. E«hiWts*already 
planned for thfe section will demonstrate 
how radio branched off from two-yay 
communication and became thfe marvel¬ 
ous news and entertainment feature which 
it now is. In this building also it is ex¬ 
pected to stage a broadcast sponsor^ Ivy* 
the two. fading radio chains to demon¬ 
strate how progranSS of news,, entertain¬ 
ment, and music afte “pu^on the air.” 

In addition to the many attractive dis¬ 
plays, stories of the epochal discoveries 
and inventions -made in the field of elec- 
tricity during the past hundred years will • 
be tpld by men of.vision and^geniqjs who 
are worthy suceessVs^tV those who dis- ' 
covered and developed electric power. 
Thus in its entirety thfe electrical* show is 
e3 5P e Qted*to be one of the most popular 
anti spectacular features of the whole 
Century of Progress” exposition. 


Engineering Studies Open to Unemployed. 
Announcement is made by Dean J.W? 
Baker that classes in the . engineering 
school of Columbia University have been 
opened to unemployed professional* engi¬ 
neers. President Nicholas Murray Butler 
has sanctioned the measure after the 
proposal had m been advanced by the 
professional engineers’ committee on 
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Hoover Dam Tunnels Near Completion 



Fellowship^ Glass F ounded.—^Announce¬ 
ment has been made of the establish¬ 
ment by -the Maobeth-Evans Company 
of a fellowship in illuminating glass¬ 
ware at the Mellon Institute of Industrial 
Research, Pittsburgh, Pa. It is stated 
*that the scientific investigations to be con¬ 
ducted will be a, continuation along 
original lines and entirely independent of 
the technological research being carried on 
iu the Macbeth laboratories. Dr. R.R 
McGregor, a specialist in physjeal chem- 
istry, has been appointed to the incum¬ 
bency of this fellowship. 
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0EFORE excavation can be started on the foundation for TToAvflr’nory, j- 

tunnels each 4,000 ft. long must be S 

of reek, 3 ft. concrete lining) will divert LesLm Z Znd £1^“* 
Steeam portals are shown above. The attack on these tunnels is from both nn2 
tod downstream portals and from two additional faces in L 
adits driven m from the canyon wall at about midpoint. More than 140nn ft b « 
top heading has been completed, the two inner tunnels being holed through.^" 
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unempioyjaenJ. Applicants must secure ber admitted wi# be limited by the size of 
a certificate # from the Sneers’ com- thre lecture halls bnly. By this means it is 
mitlee, showing that they are accredited hoped to preserve morale dur&g a period 
member? of the profession and are idle of enforced idleness, and to brodden. the 
through no fault of their own. Thenum- applicant's knowledge of engineering. " 

- - -—_____ C _ t 
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100,0.00 Kwf'in Sp ace Designed for 6/500 * 


is 1 S 6 W6S i e S stat . es ^ zil M? a boiler pressure of 1,400 lb. 

is station A of the Pacific Gas and Electric Company. The engine room of this 

plant, located in the center of the San Francisco industrial area, has had an interest- 
^ O °“ trU , 0t6 ? “ 19 » l - lt “ «■ Itag «id 57 ft. wide; the original 

l ioit contained sue vertical compound steam engines operating under 200 -lb pressure 

ancLdnvmg electric generator* By 1910 this equipment had been replaoedTy^n 
VOTtical reciprooaljjshg oil engines drivingl,500-kw. generators; by 1919 , four 12 000- 
pr. turbo-generator units had replaced all but two of these engines giving a plant 

St until^e 00 *7* Th i S ^ equipment ’ illustrated below, remaiSd^sentiaUy 
SSS-S Sn w md Per ^ PS *• m °st striking change was made, when 

r J imtS shown above replaced two of the older 
turbo-generator umts^ and two of the engine driven units. The same floor space 
required for 6,600 kw. in 1902 now contains equipment rated 100,000 kw. The steeple- 
oompound unrts with the high-pressure turbine directly over the low-pressure one ' 
^ Ve no ^ even increas^in headroom. 
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American Institute 
r of Physics Organized 

r ? »■ 

, Formal announcement hast* been -made 
r °f the organization of the American 
^ Institute of Physics established by the' 
American Physical Society, the Optical 
Society of America, the Acoustical 
Society of America, an4 the Society of 
Rheology. The new''institute will serve 
the four societies mentioned, and through 
them, physics in general in matters of 
common interest, particularly in their 
relation to other societies and to the 
public. The board of management con¬ 
sists of Karl T. Compton, chairman, and 
G. B. Pegram, secretary. H. A. Barton 
e ^ director, and J. r T. Tate, advisor on 
^ publications. 

'<%>. The membership of the four societies 
establishing this institute includes- a 
majority of the active physicists in the 
country, whether interested in pure or 
applied physics and whether 1 ' fillrng 
university or industrial positions. This 
large group .has felt first the need for 
unification of effort, and second for the 
existence of an agency which would 
perfect details" of organization and co¬ 
operative publication of physics journals; 
also to assist the newspapers to disseminate 
accurate news of important developments 
and applications of physics. The value 
of these aimB is obvious and it is also 
obvious that they do<uot conflict with 
aims of any already constituted agency. 
It is indeed to be expected that those 
agencies of service to science already 
operating will find their scope and activi¬ 
ties increased through the work of this 
institute. 


"E.E." Offers Index 
and Binding Service 

♦ 

The annual pndex covering the con¬ 
tents of Electrical Engineering for 
the twelve issues of the calendar year 
1931 will be available for distribution 
after January 15, 1932. It is to fee pub¬ 
lished in a form convenient for those wish¬ 
ing to file it for reference or to include it in 
bound volumes of the 1931 monthly issues, 

A notice of this index appeared in the 
advertising section of Electrical Engi¬ 
neering for December 1931 and is 
repeated in this issue. An order form 
may be found on p. 992 of the December, 
issue. The index will be printed in a 
quantity governed by the number of 
requests received prior to January 15 
1932. ’ 

The advertising pages for December 
1931 included also the notice that binding 
service for the 1931 copies of Electrical 
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Engineering row was available at cost 
Upon shipment «f the gopieS to'the order 
department of the Institute, they jvil! be 
bound neatly "and durably, add returned 
prepaid. • Pull details are given in the 
^•advertising section »f thia issue and an 
order form appears on p. 70. * * 


Consulting Engineers 
Denounce Free Engineering 

The American Institute of Consulting 
Engineers, at the October meeting o| its 
council, accepted a report.of its commffctee 
on professional practise and ethics pro¬ 
testing against the furnishing of engineer! 
ing plans and specifications*by manufa 4 - 
tgirers and distributors of equipment and 
materials. The committee reported: 

r att ® ntiion of t] ie council of the American 

Institute of Consulting Engineers periodicaUy 
has been called to the practise, on the part of 
largo manufacturers and distributors of equip- 
medb.and materials, of making investigations 
engineering plans, and specifications for archi¬ 
tects and owners, involving the use of equipment 
and materials which thoyseU, all apparently 
without charge or for a nominal charge. 

“On at least two specific occasions the atten¬ 
tion of the officials of several of the largest 


, ^manufacturing concerns h*s been called to such 
practise withoitf any apparent lasting results. 

The f|eld of the professional engineer, 
engaged in private practise, constantly is being 
• invaded by manufacturing concerns, both large 
and smaH, through the medium of offering to the 
prospective* purchasers of their products of 
manufacture free consulting engineering service.. 

It js clearly evident that such offering is 
made far the single purpose of selling their 
particular afticles of manufacture, thus restrict¬ 
ing the purchaser to products ^vhich may or 
may not bo standard and of the best quality. 
It is equally evident tha* such practise not only 
is vicious, from the standpoint of the engineer 
engaged in private practise, but deprives the 
purchaser of the judgment of an impartial 
expert whoso only intorest is the interest of 
his client." ' 


„ Tlle committee therefore offered the 
following resolutions apd recommended 
their adoption by the I.C.E. : 

RESOLVED, that the American Institute of 
Consulting Engineers denounces the practise of 
designing and planning of engineering work by 
those who have interests other than the effi¬ 
ciency and effectiveness of the installation, as 
highly unethical, and 

Tn m RESOLVED, that the 

Institute (I.O.E.) use such means as its council 
and/or officers deem best to eliminate such 
unethical purposes/’ * 

Copies of the report'and notices of the 
action taken have been sent to the presi¬ 
dents of several corporations throughout 
tiie United States. * 


Letters to file Editor 


Progress is the Way , 

Out of Depression » 

% 

To the Editor: • , • 

Mr. BorrosJbrd'j article "Progress is the Way 
Out of Depression" In the December 1031 Ei.no- 
'ii cal ENaiKDBitiKG is good promotion talk and 
has an excellent sales appeal in, tending to make 
each human being think that he accomplishes 
more than the foremost leader. It may be 
exactly the kind of talk we should have at the 
present hour; I have been following his advice 
to? the past year. Yet his primary thesis appears 
to bo in conflict with many an article that I have 
read In the last ton or twenty years and also 
with my own observation. 

The first part of the fourth paragraph, for 
example, seems to conflict with fundamental 
facts, although It may agree with superficial 
ones; M§ny of us think that the daily effort 
of the millions, when it is good, comes from the 
effort of the outstanding^? and only from that 
source; we think this In spite of the essential 
failure of the church to provide adequate leader- 
* .®MP. because there are successful leaders even 
among those who do not profess to be leaders, 
i History indicates that without the thin king and 
• the leadership of a few, man has tended to revert 
rather than to advance, which Is largely why we 
are honoring Faraday this year. 

"Do your bit as best you can" is, good advice 
now arid always will be, except for* perverts, but 
all men are created equal only before the law. 
Without true leadership man has retrogressed in 
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the past and will presumably continue to do so in 
the future. Hence in reading Mr. Berresford’s 
article it will perhaps be well to keep In mind the 
possibility that, in trying to drive home his 
worthy point, he may have overstepped the 
bounds of fact. The end may at times Justify 
the means, unless the means manufactures a 
boomerang. 

Very truly yours, 

H. H. KETOHAM (A’13-M’23 
and Lifo Member) (Technical 
Editor, Forest Products Lab., 
Madison, Wis.) 


Characteristics of 
Arc Welding Generators 

To the Editor: 

I acknowledge receipt of the paper by Mr 
J. H. Blankenbuehler on "An Improved Arc 
Welding Generator." An article based upon 
this paper was published in Elbctbical Engi- 
NEimrNa, August 1931, p. 606-8. The Informa¬ 
tion contained therein is especially interesting 
to me as ten years ago I took a patent—No. 
1,549,874—on the use of d-c, transformer in 
the welding and excitation self-circuits of any 
single-operator inherently—regulating arc weld¬ 
ing generator. ’ 

The article explained many things to me that 
I did not understand before. However, my 


* - * 

i comments on his paper are that jjhejsfcatomeiAs* 
^regarding porosity being bettered by the welding 
, machine and that freezing of the electrode is 
! lessened "by stopping the inrush of current are 

1 “^agreed with by those people experienced in 
i welding and are very misleading to other#. 

Freezing of the electrode is a phenomenon that 
is of no concern in welding because a good welder 
never freezes. Freezing or sticking is Oio eat- * 
marie of %n inexpgsynced or beginner welder. 
What is of some impoftance, however, is heating 
up the cold work a? quickly as possible so tho 
start of the weld is as well fused as the remainder. 
Welding, at present, is a compromise between 
too cold a start and too hot a finish. Porosity is 
eaused by the lajter—too ffot a finish, and cold 
shots are caused Tjy the former. It is very | m ? 
portant to have the momentary rush at tho' 
starting as great as possible. Often a larger size 
shoot is used to effect ^purpose Sometime** 
tapered rods are used to offset -this difference 

wi£!L 0 ? tiainS Qit ! 161 ' ** aufc °matic tor manual * 
welding because all the heat, that is in the arc 

tfecjrodo or work, in the next instant is deposited’ 
the work, which becomes hotted and hotter 
Good welding consists of a compromise between 

L ^ k 6 V « U Start finishing so hot 

as to bum the metal, and judicious welding with 
invariaWy short lengths of .electrodes have given 
the best results to dale. , • 

cubing of tho transient; 
that Is, holding it below 200 per cent holds down 
the welding persistency. In other words In 
chasing after this mechanical freezing of the 
electrode, the weUta,. ooalito 

h ' ’ if you teach th0 machine to 

react quickly and then deliberately "curb it* 

J“ y h b f tho Properties of biting quick and 
holding back cannot be present under all con¬ 
ditions. You might be able^to teach a dogX. 
Pe ^ 1 * and not bite but with a 

So far no ^ hi n°’ 'l l thlnlc ib ls duite impossible. 

So far, no one has discovered how to describe in 
techrdcai terms this persistency of the JXnt 
the diffei-ence between a machine that is curbed 
at 200 per cent and one that is allowed to react 
aturally with a time recovery of 2/10 rf a 
second or less is tho difference between Bobbie * 
Jones or mo or you. • • 

** Very truly yours, 

«, 0- J - HOLSLAG (M’19) 

(President, Electric Arc Out-* 
ting & Welding Oo„ 162 Jelliff 
Avenue, Newark, N. J.) 


Has Man Benefited 
by Engineering Progress? 

To the Editor: * 

Polished production to the Engineering 
Foundations symposium “Has M'an Benefited 
by Engineering Progress?" very definite^ 
emphasizes the "deeper effects” of engineering 
achievement and its spiritual consequences.* 
Mr. Mees thought provoldng article and letters 
eonunent by MeSSrs ‘ Dreher and Johnson are 
stimu’ating contributions to the announced 
topic. The apparent straying or lack of def¬ 
initeness in some of the subsequent articles is 
disappointing. Too much responsibility is 
thrown upon the reader to deduce the author’s 
viewpoint on tho larger questions at issue. 

Mr. Insull, conceding a disadvantage to 
humanity due to the congestion qf industry in 
the past, predicts an improvement in the future 
because of the widespread distribution of power 
In stating these well known facts about power 
supply.and distribution, the author seems to 

° n whole man bas not benefited 
in a broad way in the era just opening, for the 
reasonastated. On the other hand, we may do 
autb ° r . an Jijfistice. Perhaps he intends to 
“?* y ^ ^ b6 ^ n weU “x* satisfactory as a 
result of engineering developments in the past 


59 



except the slight congestion erf industry, dhd that 
little matter is well on the r^od. to being cor§ 
rected. A more definite comxnitm^pt on the 
fundamental issues would have been welcome. 

Mr. Gronsky emphasizes two principal points. 
First, S plea for the establishment of museums, 
art galleries, music conservatories, etc., as a 
. stimulus for the spiritual uplift of the people. 
Sdcorill, a suggestion that these public improve¬ 
ments should be financed*^ - new high rates of 
taxation, not, howeverf by the “prevdSling 
unfair" system. As regards taxation, a great 
number of diverse theories have been proposed 
and many tried and discarded. Although engi¬ 
neers are (or shouk^be) vitally interested in this 
f topic, taxation has no more direct bearing on 
. engineering progress and its effects than religion 
has. It is quite true, however, that not only 
taxatiofi butreligion^nd t^her institutions of our 
♦ complex social order Save an important effect 
on human welfare and happiness. 

As regards the establishment of additional 
stmeturos for spiritual uplift an# public welfare, 
there are thqpo who believe that not fracee 
edifices, blit a more general acq uainta nc e with 
the interiors of some already built (e. g., places 
fonrworslifp) wirafil better serve the purpose. 
However, this is Reside the point. The respon¬ 
sibility of engineering developments is in no 
clear way indicated or oven remotely suggested. 
The 'paper, indeed, is fin excellent plea for the 
expansion of the fine arts as a basis for the spiri¬ 
tual uplift of the people. With this thesis the 
critic takes no exception, but manifestly the 
Implied conclusion is, increase the n umb er of 
h artists^ musicians, etc., but not the engineers. 
If the author had this conclusion in minfi it 
would have been more satisfactory had he 
directly stated It. If he did not have this or a 
similar idea It isca little difficult to understand 
j net how the paper fits into the Symposium. 

Tf the sponsors of these articles desire a general 
discussion of the fine Grts, of religion, of psy¬ 
chology, or economics, of politics, etc., as well as 
of engineering progress, all* of which have a 
direct bearing on happiness, there can be un¬ 
limited ramifications with but little coherence. 

Yours very truly, 

L. H. RITTENHOUSE (A*10) 
(Professor of Engineering, 
ilaverford College, Haver- 
fqfd. Pa.) 


Mercury Afc Rectifiers 
of Sectional Constrdction 

As the size of mercflry are rectifiers is 
increased, difficulties of desigfi to secure 
satisfactory operatfon also Increase 
greatly. "Large units tend to be pot only 
less reliable but actually less efficient 
than the smaller ones. To overcome these 
difficulties, there Jiave been developed 
sectional rectifiers of the size wliich gives 



Tesf Code for 
Transformers now Available 

r ,* r 

, Pursuant to notice which appeared in 
the October issue opf Electrical Enqi- 
^NBEifiNQ (p. 844) giving publicity to" 
effort on the part of the Institute’s* 
standards committee to develop test 
codes for electrical machinery and appara¬ 
tus, this committee now has formulated a 
preliminary report on the proposed “Test 
Code for Transformers,” pamphlet copies 
of which may be obtained without charge 
from A.I.E.E. headquarters, 33 West 
39th'Street, New York, N. Y. 
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E. & M. Co. Photo 


3,000-tw. rectifier made up of four 
' 750-kw. sections 


Nerve Injuries 
from Electric Shock 

1*0 the Editor: c 

The very interesting work done by*W. B. 
Kouwenhoveu and O. R. Langworthy as re¬ 
ported in thtf December 193ft issue of Electei- 
cai. Enginbekinq takes into account the effects 
of direct-current and low-frequency altemating- 
cuiyent. 

The undersigned has observed that theories on 
“electric shock" are gradually shifting from the 
purely physiological viewpoint to a more biologi¬ 
cal and physical one. It seems to him that the 
primary causes of injury are of either electro¬ 
lytic or thermic natui’e, and physiological effects 
are the result of heating or electrochemical de¬ 
composition of cell contents. A strong support 
for this thought lies in the fact that high-fre¬ 
quency currents injure the living body only 
through heating. 

Lack of facilities so far prevented the writer 
from proving his theory experimentally. He 
believes that a continuation of the photomicro- 
graphlc studies at The Johns Hopkins University 
with currents of higher frequencies will produce 
further In feeresting and valuable results. 

Very truly yours. 

KURT MAHNKE (A'26) 

(401 Avenue D, Forest Hills, 
Pittsburgh, Pa.) 
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the best performance and so shaped that 
they may be placed together to form com- 
•> pact assemblies of any rating. 

The 3,000-kw. rectifier unit illustrated 
consists of four interchangeable 750-kw. 
sections integrally mounted, fed from a 
single transformer, and easily withdrawn 
on rollers after the fashion of truck type 
switchgear. For this rating, the use of 
these sectional units results in a rectifier, 
each section of which is not only more 
reliable, but one in which a failure of one 
section does not involve complete shut¬ 
down of the entire group. Spare units 
may be provided*easily. Piping and wir¬ 
ing are simplified, and both energy losses 
and space required are reduced by about 
one-third. 


American Scientific Congress Postponed. 
Through the Pan American Union, word 
has been received from the Mexican 
Government announcing the postpone¬ 
ment until November 1933 of the sessions 
of the Seventh American Scientific Con¬ 
gress, which was to have been held in 
Mexico City February 5-19, 1932. It 
was found that present world conditions 
make it impossible for many nations to 
send special representatives. 


American 

Engineering Ooixnril 
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NJ. Engineers Promote 
Public Works for Relief 

A statewide plan of municipal improve¬ 
ment is sponsored by a New Jersey em¬ 
ployment committee of the A.E.C. which 
has just been organized with Lynne J. 
Bevan of Montclair as chairman. The 
aid of the 2,800 licensed engineers ary4 
land surveyors in the state will be enlisted 
in shaping public works programs in 
eveiy community. « 

These programs will be adjusted to a 
state plan, the legislature having pro¬ 
vided that the state, to the limit of allot¬ 
ments, may meet dollar for dollar the 
money paid by local political units for 
labor or personal services. f Pasks rang¬ 
ing from* city planning studies to road 
and street repairs and the remodeling of 
public and semi-public builefings are sug- 
•gested; elimination of grade crossings, 
widening and beautifying of streets, plans 
and estimates for future highways and 
parks are other objectives. 

The members of the committee include: 
Governor Morgan F. Larson; Harvey N. 
Davis, president of Stevens Institute of 
Technology, Jersey City; L. P. Alford, 
Montclair, vice-president of’The Ronald 
Press (N. Y.); Lincoln Bush, East Orange, 
past-president of the American Society of 
Civil Engineers; Dean P. H.- Daggett 
(A’08) Rutgers University, New Bruns¬ 
wick; Charles A. Mead, chief engineer of 
the division of bridges and grade crossings 
of the New Jersey Public Utilities Com- * 
mission; E. B. Meyer (F’27), Newark, 
vice-president, United Engineers and 
Constructors,Inc. * 

The committee also will Work with the 
professional engineers unemployment re¬ 
lief committee organized in New York by 
the four Foiinder engineering societies 
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to aid idle engineers thropghpu? the 
whole New York" metropolitan area* A 
New Jersey section of the latter’ comnnt- 
tee has been formed with Louis^A. Janly 
of the American Institute of Mining and • 
. .Metallurgical Engineers as chairman „ 
^ The engineers, according to Chairman.. 
Bevan, purpose to stimulate legitimate 
construction work, and to avoid unsound 
projects. “The immediate objective upon 
which your action is requested,” he said 
m an appeal to the engineers and survey¬ 
ors, “is the bringing to light of.suffleient 
necessary public project work in your 
vicinity, and the incorporation thereof in 
the official plan of your community which 
must be filed iyith the state directowof 

emergency relief by December 1, 1931 .” 

•» 


* 
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' Resident in chaise of n$mufacturing and 
engineering. Eventually he became semor 
vice-president and, in 1913, h8 succeeded 
"Mf. Coffin as president of the company. 
In 1922, af^er nine years’ service in that 
office, he was succeeded by Gerard^wope. 
•Doctor Rice at that time was in£de honor¬ 
ary chairtnari of the board, which position 
he still holds. He has contributed much 
through organization method?, improved 
factory routine, technical development, 
and engineering and scientific inventions 
to the prominence attained by the Gen¬ 
eral Electric Company.' His degrees are: 
Honorary A.M., Harvard (1903); S<? D 
Union University (1906); Doctor* of En¬ 
gineering, Rensselaer Polytechnic ( 1917 ); 
Sc.D., Universitybf Pennsylvania (1924).' 
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Edwin W. Rice, Jr. 

Awarded Edison Medal 

Dr. Edwin Wilbur Rice, J r ., has be0u 
‘ h « A.I.E.E. Edison Medal for 

1931 for his contributions to the develop¬ 
ment of electrical systems and apparatus 
,:id 1118 encouragement of scientific re¬ 
search in industry.” The Edison Medal 
was fmmded.by associates and friends of 
Thomas A. Edison, and is awarded an¬ 
nually, for “meritorious achievement in 
electrical science, electrical engineering 
or the electrical arts” by a committee 

consisting of 24 Institute members. 

Doctor Rice is one of the .‘pioneers 
. °* electrical development in the United 
States and has played a conspicuous part 
in association with the' late Charles a! 
Coffin, m the building of the present 
General Electric Company. As a school- 
boy in Philadelphia he cameuu contact in 
1876 with Prof. Elihu Thomson, then a 
young teacher in the Boys’ Central Hi gh 
School. Whenin 1880 the professorgave 

up teaching to go into electrical manufac¬ 
turing as scientist and inventor, young 
Rice gladly accepted an opportunity to 
ecome his assistant. He went with 
Thomson to New Britain, Conn., in the 
old American Electric Company, and in 
1883 went* with the professor to Lynn, 
Mass., upon the organization of the 
Thomson-Houston Electric Company. 

^ At the age of 22 he was made plant super¬ 
intendent and had this full responsibility 
until the consolidation of the Thomson- 
Houston Electric Company and the Edi¬ 
son General Electric Company in 1892, 
under the name of General Electric 
Company. 

In the new company Doctor Rice first 
was made technical director, then vice- 


• * 



E. W. RICE, Jr. , 

* 

He is a past-president and Fellow of the 
Institute, and a Chevalier Legion d’Hon- 
oeur of France. In 1917 he was decorated 
by the emperor of Japan with the Third 
Order of the Rising Sun with Cordon. 
He invented the present fundamental 
form of high-voltage oil switch and the 
cellular system of separating buses and 
circuits; as well as the application of syn¬ 
chronous converters to the building of 
unified a-o. and d-c. distribution syste ms , 

* He was responsible for the adoption by 
his company of the Curtis steam turbine, 
and for the establishment of the com¬ 
pany’s research laboratory. He has en¬ 
dorsed and promoted many modern forms 
of industrial organization* and of methods 
of advancing employees’ welfare. 

As a recipient of the Edison Medal, 
Doctor Rice shares the honor with: Elihu 
Thomson, Frank J. Sprague, George 
Westinghouse, William Stanley, Charles 
F. Brush, Alexander Graham Bell, Nikola 
Tesla, John J. Carty, Benjamin G. 
Larame, W. L. R. Emmet, Michael I. 
Pupin, Cummings C. Chesney, Robert A 
Millikan, John W. Lieb> John White 
Howell, Harris J. Ryan, William D. Cool- 
idge, Frank B. Jewett, Charles F. Scott, 
and Frank Conrad. 


where he was intimately bonffec&d with 
various developments of demand meters, 
thermal relays, timing devices, and allied 
equipment for the meter and"fraetiohal 
horsepower motor departments, i£ now 
. chief engineer for the Seth Thomas Clock 
Company, Thomaston, Conn. While in* 
Fort Wayne, Ma.VJarapbell served the 
A.I.E.E. as both secretary and chairman 
of its Fort Wayne Section, 

Bancroft Gherardi,(F’12) was re¬ 
elected president (1932) of the American * 
Standards Association at its annual meet- ’ 

NeW 'ZvKGfor December 9, v . 
lyj!. Mr. Gherardi is vice-president and r 
chief engineer of the Ajneriean*Telephone 
& Teleg^ph Company (N. Y.); active in 
Institute affairs, he has served promi¬ 
nently as president (1927-8) vice-presi¬ 
dent (1908-10) and manager (1905-8 and 
1914-17). „ * 

G. N. Brown (M’24) who'formerly was 
associated with the New York office of the 
Ohio Brass Company, sales department,* 
now has joined the commercial staff at 
NvE.L.A. headquarters, as manager of 
its electric refrigeration bureau. * Mr * 
Brown’s service with the Ohio Brass 
Company extended over a period of four 
years as district manager) -first of the * 
Philadelphia office, and then of the New 
York office. » 


J. C. Parker (F12) was relected De¬ 
cember 9, 1931, at the annual meeting 
of the American Standards Association . 
to serve (4932) as vice-chairman of the 
Standards Council. Mr. Parker is vice¬ 
-president m charge o£ engineering for the * 
Brooklyn (N. Y.) Edison Company; he 
has served the Institute in several ca¬ 
pacities including that of vice-president 
(1921-2). 

J. A. Foley (A’31) from 1923 to 1930 in 
the engineering design, application, and 
sales departments^ of the General Electric 
Company in both Cleveland and Toledo, 
Ohio, in the latte? location serving also as 
engineering consultant over a period of 
approximately two years, recently became 
am electrical engineer of the Worthington * 
Pump and Machinery Corporation in 
Chicago, Illinois. 

P- J. Wilson (M’12) formerly sales 
manager of the Narragansett Electric 
Company, Providence, R. I., recently 
resigned to become vice-president and 
treasurer of the New England Branch of 
KaolinCompany, Inc., with main 
offices in Syracuse, N. Y. Mr. Wilson’s 
headquarters, however, will be in Provi¬ 
dence. 


January 1932 


A. B. Campbqjl (A’19) after thirteen 
years of service with the General Electric 
Company’s Fort Wayne {Ind.) plant, 


H. W. Johansson (M’28) formerly 
serving the Westinghouse Electric and 
Manufacturing Company as an electrical 
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engineer at the" Easfo PitJgjjburgh plant, 
now is special representative covering ofif 

• held# and pother industries in Venezuela, 

• Columbia and other South Ame rica n 
countries for the Westinghouse Ele ctric 

. International Company. 

• • • 

R. S. Eininger, j£ °(A’29) -who ^as 
been serving the General Eleetric Com¬ 
pany, Erie, Pa., as cost engineer now bn.a 
joined the company’s force at Pittsfield, 
Mass., in the manufacturing general de¬ 
partment. Mr. Eininger was student 

• secretary of the Drexel Branch during the 

• year 1326-27. e r # r 

• * 

* Clyde- Treon (£.’28) for some time 
past distribution superintendent of the 
Pemambijeo e Tramways & r Power GOna- 
pany, Pernambuco, Brazil, South America,* 

’ ha^. returned tocthe United States and is 
serving now in lake capacity with the West 
Penn Power Company,..Pittsburgh, Pa. 

* ft O 

f <r 

Fraser Jeffrey (F’24) electrical engi¬ 
neer with the Allis-Chalmers Manufac¬ 
turing Company, West Allis, Wis., re¬ 
cently was elected vice-president of the 
* Engineers’ Society of Milwaukee, of which 
he has been a member since 1907 when he 
started his career in the electrical industry. 

J. C. Van Horn (M’28) has been made 
a vice-president of the R.C.A. Institutes, 
Inc., Philadelphia, Pa., and will have 
charge of resident schools'at Philadelphia, 
New. York, Chicago, hnd Boston. Mr. 

, Van Horn has been serving the R.C.A. 
Institutes as general superintendent. 

miWinthrop Allen (A’ 30 ) has^ohanged 
bis, work as assistant electrical engineer r 
of E. I. duPont de Nemours Company, 
Wilmington, Del., to associate himself 
with the Prudential Insurance Company, 
Newark, New Jersey, as electrical engi¬ 
neer of home office buildings. 

. Paul S. Clafp (A’18) until recently 
managing director of th® National Elec- 
; IdgHt Association, N^w York, N. Y., 
resigned from that office to become vice- 
prerident of the Columbia Gas and Elec- 
« trie Corporation, with offices at its head- 
qLuairtbrs in New York City. 

E. G. Waters (A’90) who has com¬ 
pleted a record of more than 42 years of 
contmnotis service with the General 
haectrio Company, and for the past 25 
; : years has been secretary of its sales oom- 
haittec at Schenectady, N. Y., now at his 
own request has been retired. 

; ®' Verrxbr (A’28) recently serving 

; as electrical engineer of the Engineering 
Jguipnient Company, Montreal, Can., j 
. .pew has been made power plant superin- i 
„ twdent for the Anglo Newfoundland i 
, Devel^ment Company, ••• Grind Falls; i 
Newfoundland. . 


r S.*R. Barrett £A28) wj^o in the past r 
has been associated with the B^menway 
Electric Corporation, Springfield,. Ver¬ 
mont, now is station e operator for the f 
Turners .Palls Power and Electnc Com¬ 
pany, Gobble Mountain Station/" West- 
field, Masc? 

* 

C. H. W^ns fl (M’28) who since 1926 
has been assistant professor of electrical 
engineering, Princeton University, Prince¬ 
ton, N.. J., no\fr rhas become associate 
professor in the jelectrical engineering 
department of the university. 

• 

B. S. Anderson (A’30) manager of the 
Japan branch of the English Electric*- 
Company, Ltd., at Tokyo, now has been 
transferred to Shanghai, China, where his 
r address wilf be in care of Jardine Engi¬ 
neering Corporation, Ltd. * 

J. T. Serduke (A’30) until recently a 
research engineer at the«General Electric 
Company’s laboratory, Schenectady, 
r N. Y., has joined the department of phys¬ 
ics, Massachusetts Institute of Tech¬ 
nology, Cambridge,'"Mass. • 

T. R. Cook (M’16) who has been engi¬ 
neer of Coverdale and Colpitts, consulting 
engineers, New York City, recently wM» 
made service, manager of the Baldwin 
Locomotive Works’ Paschall station, 
Philadelphia, Pa. 

r 

# 

Embrick Toth (A’29) formerly labora¬ 
tory assistant, Holster Radio Corpora¬ 
tion, Newark, N. J. recently became 
receiver engineer of high frequency cir- 
c cuits for Wired Radio, Incorporated, 
Ampere, N. J. 

Herbert Southworth (A’22) formerly 
merchandise manager for the Fall River 
Electric Lighting Company, Fall River, 
Mass., now is assistant manager of the 
North Adams Gas Light Company, North ' 
Adams, Mass. 

G. G; Post (A’ll) vice-president and 
chief electrical engineer of the Milwaukee 
Electric Railway & Light Company, 
Milwaukee, Wis., recently was elected a 
director of the Engineers’ Society of 
Milwaukee. 

H. A. Ltjbdeke (A’29) has joined the : 

National Broadcasting Company, New i 
York, N. Y., as monitoring engineer. His 
previous work was with the Western Elec¬ 
tric Company, at Kearny, N. J., as design 
engineer. : 

M. B. Karblitz (A’27) who has been i 
an engineer at the Westinghouse Electric i 
and Manufacturing Company's main 
plant, East Pittsburgh, Ba., now has been < 
transferred to the company’s East Spring- ] 
fieldworks. i 


John «Eqpi (M’26) Who has been 
manager of service and" erection for the 
American Brown Bovari p EIectrie Cor¬ 
poration, fiow is with the Allis Chalmers 
Manufacturing Company, Milwaukee, 
Wis. e - 

r 

c 

M. G. Lord (A’22) who since 1907 
been in the ranks of companies affiliated 
wi{h the Southern Colorado Power Com¬ 
pany, Pueblo, Colo., now is vice-president 
in charge of operation for that company. 

t- 

0. B. Parker (A’29) for the past four 
and $ half years assistant chief eDgineer 
of the Paeent Electric Company, Inc., 
New York, N. Y., has beeji promoted to 
the position of chief engineer. 

r * 

v J- W. W«st (M’28) who has been 
manager of production for the R.C.A- 
Victor Corporation at Camden, p N. 3. 
now has joined Frozen Confections, Incor¬ 
porated, Maplewcrod, N. J. p . 

r 

H. P. Currin, (M’30) electrical engi¬ 
neer of the Eugene water board, Eugene, 
Ore., p.ovr has been appointed electrical 
engineer of the State board of engineering 
examiners of Oregon. 

H. A. Faesi (A’27) serving in the past 
as an electrical engineer, for Allied 
Engineers, Incorporated, Atlanta, Ga., 
now has joined the Georgia Power Com¬ 
pany in that city. ** . 


OL 


ituary 


r 

Howard Rankin Sargent (A’96- 
M’12 and Member for Life), engineer of 
the * merchandise department of the 
General Electric Company, Bridgeport, 
Conn., digid suddenly at his home in that 
city, December 8, 1931. The relapse 
followed an operation for appendicitis. 
Mr. Sargent was sixty years of age-and a 
native of Newton* Mass. He was gradu¬ 
ated from Massachusetts Institute of 
Technology in 1893, and propaptly there¬ 
after entered the employ of the old 
Thomson-Houston Company 'at Lynn, 
Mass. There he remained, with the ex¬ 
ception of an interval during which he was 
working at Marlboro, Mass., until in 
1894 many of the Lynn engineers were 
transferred to Schenectady. When the 
merchandise department of the company 
was organized in 1922, Mr. Sargent was 
transferred to Bridgeport as manager of 
the wiring supplies engineering division. 
In 1926 he was made engineer of the mer¬ 
chandise department. In the course of 
his professional career, Mr. Sargent has 
been credited with many important elec- 
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trical inventions. • He also wa$ aeiiVe in 
the National Elecfric Light Association 
and the National Electric Manufacturers 
Association. » i 


lich he 


service with 


Joseph Walter Miles <A’02) 'for 
many years in charge of foreign engineer¬ 
ing for the Westinghouse Electric and 
Manufacturing 'Company, East Pitts¬ 
burgh, Pa., and recently appointed con¬ 
sulting engineer to the foreign and 
development information bureau, died 
* suddenly November 28,1931. Mr Miles 
had been a member of the Westinghouse 
organization for thirty-seven years, and 
lacked only six, years’ membership & 
qualify as a Member for Life of the Insti¬ 
tute. He was still a resident of Irwin, Pa. 
where he was born July 20, 1870. As a 
student of archeology had made severa? 
investigations of that vicinity and was the 
author of a booh; “The Sowickley Indian,” 
describing an ancient tribe of Pennsyl¬ 
vania. He studied at, the University of 
Pennsylvania and Cornell University, and 
from the latter obtained his M.E. degree 
in 1893. For two years he was with the 
, Westmoreland Coal Company, following 


William Bbaac Donshea (A’03-M’13) 
retired, «ed Decemher 21, 1931.* Mr. 
-•Donshea was born in New Youk Citv 
August 2,* 1858. After completing his 
• education, Mr. Donshea’s first position 
was with the New York Telephone 
ay operator’-&nd inspector in 
1879-80, which position he left to become 
electrician and general superintendent, 
installing telephone exchanges in South 
America for the Telephone Company' of 

S“ m “80 to 188?. During the'yoars 
1S82-5 he also assisted in installing an 
Edison exhibition "electric' plant at the 
^National Industrial Exhibition in Rio de 
Janeiro; a Thomson-Houston Sxhibition 
electric plant in Rio de Janeiro, and an 
Edison-Swan electric light plant in a 
Brazilian industrial mill. Following this 
and up to 1929 Mr. Donshea was an 
operating electrician and a district 
operating, superintendent with the New 

York Edison Company. In 1929 he 
retired from witive service after 50 years 
m the electrical industry. 


Abo Rbotifibrs. Speaker from the Westing- " 
hoUse Elec. & Mfg.^Jo. 

Pittsfield * 

Jan. 19—-PuRSONAr. Torn of Foreign PowDr 

Systems, by Philip Sporn. , 

Hoff man ~~ JGIlB Gods ’ by Oapt. Oarl Von 

_ Man-Made Islands to Sp*bd* * 

Ocean Flying, by E. RNVrmstrong. 

Seattle * , 

Jan. 19—Presentation of papers submitted for 
annual prize competition. Titles and speakers 
to oe announced. 

Beb - — —Communication ineeting. Speaker 

to be provided by th^Am. Tel. & Tel. Oo. Joint , 
meeting with Inst, of Radio Engrs. 

Vancouver i , 

Jan. 4— Subject and speaker to be anno unced • 

Feb. 1— Metering, by F. J. Bartholomew. 
Eiec. Pwr Equipment Oo., and L. B. “Stacey. 
Packard Elec. Oo. y 

„ * ' ■ 


Past 
Section Meetings; 


»• * * 

% 

* 


Liocal Meetings 



Future 

Section. IWleetingt^i * 


Akron 

Jan. 12— X-Ray Inspection of Welds, by 
Ance! St. John, pres.. St. John X-Ray Sendee 
J 0 ?- . Mwdeas "Story of Steel.’* Meeting to 
held in the auditorium of th^Ohio Edison Oo 
4:00 pm - inspection trip through 
the Ohio Edison Company’s East Akron sub¬ 
station. At 7:46 p.m. movies: "Through Oil 
Lands.” At 8:16 p.m. James H. Foote, Allied 
Engineer?, Inc., will speak on Load Shifting 
transformers AT Salt Springs. Meeting to 
be held in the auditorium of the Ohio Edison Oo. 
Chicago ' 

Jan. 7 *—Control of Noise and Vibration in 
Station DbsJgn, by P. E. Stevens, Byllesby 
Engg. and Mgmt. Oorp. 

» ^ eb ’ Modern Underground Gable 
EdkonOo by Herman Halperin, Commonwealth 

Cleveland 

Jan. 21 Some Institute Problems, by Dr 
O. E. Skinner, pres. A.I.E.E., asst, director of 
engg., Westinghouse Elec. & Mfg. Oo. 

Feb. 18 —Lightning—Recent Invbstiga- 
tions and Findings, by K. B. McEachron, 
CFfflil. Elect. Oo., Schenectady, N. Y.* 

Dallas " 

Jan. 18 —General Developments of 1931, 

* • , 
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TJZ^TTf lneerine Bt>adents ofthe Southern 
Methodist Univ. Student Branch. 

Detroit-Ann Arbor 
Jan. 19—Ladles' night. 

c W nfn„ 16 ~^ NDAW “ NTAI ‘ PlIy «ICAL AND Psy- 

JSSL Bou th0 °‘ 

Yiehigh Valley 

Jan. 15— Primary Network Distribution 

^ S' K * Blak0 ’ Gen ’ Elec ’ 0o - Meet- 

bTmLwS." Fl0kart 

Feb. 12— Airplane and Ship-to-Shore Com- 

£XbSi/K l T 1 i': b6 “ 9, ‘' >im,!ed - kleo( - 

Louisville 

Jan. 22— Practical Application of Light 
Sensitive Cells, by J. V. Briesky, Westing¬ 
house Elec. & Mfg. Oo. B 

Feb. 19—Lightning—Recent Invbstiga- 

^, nd Ei u ndikqs - by F. W.Peek, Jr., Genl. 
Elect. Oo., Schenectady, N. Y. 

Lynn 

Jan. 6—Ladies’night. 

Jan. 16—Inspection trip to Loose Wiles Bis- 
cult Oo. 

Jan. 20—Local convention. Subject: Centrif¬ 
ugal Air Compression. : 

Pittsburgh 

Jan. 12—Dinner meeting. Speaker: Dr, O.E 
Skiuner, pres. A.I.E.E., asst, director of nng g 

Blec - & Mfg. Oo. Joint meeting ! 
with student Branches. 

Feb. 9—New Developments in Mercury 


Akron * 

Oil Purification, by R. P. Dunmire, vice- 
pres.. The Buckeye Lab., Inc. runner meeting. „ 
Nov. 10. Att.62. a ^ * ' 

Atlanta 

Spain and America, by M. L. Brittain, pres., 

Georgia School of Tech. Oct. 12. Att. 80. 4 

Technical Achievements vs. Social Rb- 
sponsibility, by J. E. Thomas, Commonwealth 
& Southern Oorp, Joint meeting with A.S.M.E. 

Nov. 23. Att. 169. 

Baltimore ' 

Research, Theory, and "Practise, by E. L. 
Manning, Genl. Elec. Oo. Demonstrations. Din- ** 
ner meeting. Nov. 20. 57. 

Boston ’ 

Adventures in Science, by L. A. Hawkins 
and E.L, Manning, Genl. Elec. Oo. Demonstra- 

. Jolnti moebin g with engineering societies 
of Boston. Nov. 12. Att. 3,600. 

Chicago 

a n n? V w, NTtJ £ Ba ? Science. byJL. A. Hawkins,, 
Goni. Elec. Oo. Joint meeting with the Western 
Soc. ofEngrs. Nov. 28. Att. 392. 

Cincinnati , 

New Oonobptions in Physios, by Dr. R. O. 
Gowdy, dean of the college of en ginem- ing gwR 
commerce, Univ. of Cincinnati. Illustrated, 
Considerable discussion. Dinner meeting, Oct! * 
29. Att. 65. 

Power System Stability, by Robert Treat, 

Genl. Elec. Oo. Motion pictures showed short 
circuit tests on the system of the New England 
Pwr. Oo. Nov. 12. Att. 60. 

Cleveland 

Licensing op Engineers, by Dr. W. B. Kou- 
wenhoven of The Johns Hopkins Univ., (Balti¬ 
more) vice-pres. A.I.E.E.; Engineering in Rus¬ 
sia, by A. G. McKee, pres., Arthur G. McKee & 

Oo. November 19. Att. 281 . 

Connecticut 

Modern and Practical Uses of Illumina¬ 
tion, by A, J. Sweet, Westinghouse Lamp Oo 
Dinnermeeting. Nov. 19. Att. 60. 

Dallas 

International Telephone Service, by H.S 

SS ,A S,™'.* Te, - 0 ?-' N - r 
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• Detroit«Aito. Avbor # * 

. Power System Stability, llby Robert Treat, 
Genl. Elec. Co. Dinner meeting. Nor. 10. Att 

. !25T 

r The Electrical Industry of Today, by Dr. 

O. E.*8kinner, pres. A.I.E.E., asst, director of 
engg., Westlngbouse Elec. & Mfg. Oo. Dec. 1. 

• rAtt.JLTB. 

Erie * - 

Effects f 0F Electric Shock, by Dr. W. B. 
«- Kouwenhoven, of The Johns Hopkins Univ., 

* (Baltimore) vice*pres. A.I.E.E.; European 

Travelogue, by J. J. Burgoyne, New York Cen¬ 
tral Rr. Oo. Annual banquet and ladies’ night 
at which James Bflrke of Bu$ce Elec. 06., acted 
f as toastmaster. Nov. 20. Att. 86. 

Fort Wayne 

* The Hysteresis*^ otf>r, by S.L. Moore,*Genl. 

* Elec. Oo.; A New Technique in OathodbRay 

• OsciLLopRApHY, by 0. M. Summers, Gen], Elec. 

Oo. K. E. Ross, Gdhl. Elec. Oo. demonstrated 
the cathode ray oscillograph. Nov. 19. Att. 80. 
Houston* * * * 

International Telephone Communication, 
bx H. S. Osborn®, Am. Tel. & Tel. Oo.' N. Y 
Nov. 27. Att. 08. 

Iowa . • ' f * 

c ** ' r 

Coordination Between Electric Supply 
Dines and Communication Lines, by H. H. 
„Garl, Northwestern Bell Tel. Oo. Demonstra¬ 
tions. Oct. 29. Att. 39. 

Lehigh Valley 

Recent Developments in Suroe-Pr'oof 
Transformers, by H.V.Putman, Westinghouse 
„ Elec - * Mfg. Oo. Illustrated. L. A. Phillips, 
Penn. Pr. & Lt. Oo., and 0. A. Griesemer, Lehigh 
» (Portland Oeme$>t Oo., received prizes for obtain¬ 
ing the largest numbers of national and local 
members during the past season. Oct. 16. Att.99. 

IjPS Angeles fl 

The Metropolitan Aqueduct, by P.E.Wey¬ 
mouth; Electrical Problems on the Aque¬ 
duct, by J. M. Gaylord. ’ Both speakers arecon- 
r nected with the Metropolitan Water District. 

' ' Dinner meeting. Nov. 10, Att. 206. 

Louisville r 

r The Mercury Arc Rectifier pr Modern 
D-O. Railway Service, by E.M. Bill, Genl.Elec.c 
Oo. Also inspection trip to see the 1,000-kw. 600- 
volt automatic rectifier installed at the Highland 
substation of the Louisville Gas & Elec. Oo 
Nov. 20. Att. 146 . . 

Lynn 

The Oall of the North, by A. H. Merritt. 
Illustrated. Nov. 4. Att. 1 , 200 . 

*> Inspection trips made Nov. 7 and 14 to the 
new building and plant of the Boston Herald- 
Traveler. Total att. 250 . « r 

Low Volt age A-O. Network, by O. L. Rigga, 
Lynn Gas & Elec. Oo.; Low Voltage Meter¬ 
ing Methods, by H. P. Grotty, Genl. Elec. Oo.; 
Abtronomical Time Switches, by F. W. Hot- 
tenroth, Genl. Elec. Co. Slides and working 
models used to demonstrate important features 
Nov. 17. Att. 240 . 

Memphis 

N-H.Brown, dean of the college of engineering, 

Arkansas A. & M. College, related instances from 

hfa experiences during the infancy of the electri¬ 
cal industry, Nov. 10. Att, 30. 

Milwaukee 

Modern Methods in Aerial Photographic 
Mapping, by C. H. Birdseye, pres., Aerotop- 
egraph Oorp. of America. Joint meeting with 
the Engineers’ Soc. of Milwaukee. Sept 16 
Att. 200. 

Some Pactors Affecting Noise in the 
Telephone Circuits Arising in Induction 
, .Exposures, by H. R. Huntley, Am. Tel. & Tel. 

::Y- Illustrated by lantern slides and a 
complete miniature hook-up of telephone and 
transmission lines. Joint meeting with Engi¬ 


neers’ Soc. of Milwaukee. Oct. 21. Att. 20t\' 
Continuous, Quick-PreeIe Process for 
the Manufacture of Ice, by Wnf. H. Taylor, 
read by Harry Sloan. Motion pictures and 
slides. Joint meeting wjlth Engineers* Soc. of 
Milwaukee. Nov. 18. Att. 176: m * 

Minnesota . f 

Moder/ Trends in Illumination, by O. P. 
Cleaver, Westinghouse Lamp Co, Dinner 
meeting. Nov. 19. Att. 55. 

Niagara-FrCm tier- 

Keeping Up with Buffalo’s Growth— 
the Changing Requirements for Telephone 
Service in a Growing Oit*, by B. K. Boyce, 
N. Y. Tel. Oo. Informal dinner at Hotel Statler 
preceded the meeting. Nov. 20. Att. 115. 

North Carolina « 

Incandescent Lamp Efficiency Life Tests, 
by D. J. Thurston, »student, Univ. of No. 
Carolina; Practical Relay Applications ofo 
Transmission Systems, by O. L. Giersch, Duke 
Pwr. Co,; High-Speed Protective Relays, by , 
A. R. Van # O. Warrington, Genl. Elec. Oo. 1, 
Dinner preceding meeting addressed by L. S. 
O’Roark of the Bell Tel. Lab.? Inc., N. Y., on 
Experiments in Speech and Music. Those 
elected to take office Jan. 1, 1932, were an¬ 
nounced as follows: J. E. Lear, chairman ; 

R. L. Stainback, secy.-1 ream.; E. P. Coles, Ray¬ 
mond Hunt, J. E. S. Thorpe, and J. H. Paget, 
members exec, committee. Nov. 10. Att. 115. 


GreaT Northern Railway, by Glen Walker, 
Great Northern C%. Piln»r-’‘Electrified Opera- 
ti«tf of Trains.*’ Nov. 27. Att. 52. 

Sy racuse ' «-• 

Trends in Improvement of Electric 
Service, by F. f A. Hamilton, Jr., Genl. Elec. Co. 
fllidqs and moving pictures. Oct. 26. Att. 163, 

Toledo r r 

c 

Electrons at W ore and at Play, by Phillips 
£homas, Westinghouse Elec. & Mfg. Oo. Dem¬ 
onstrations. Joint meeting with the Affi Ha ^d 
Tech. Societies of Toledo. r Nov. 12. Att. 1,200. 

System Operation, by P. H. Dubs, Toledo 
Edison Co.; Power Transformer Design and 
Tap Changing Under Load, by L. H. Hill, 
Allls-Ohalmers Oo. Considerable discussion. 
Nov. 20. Att. 80. 


' Oklahoma City 

The Arthur S. H®ey Mbmor»v.l Station, by 
Otis Howard, Oklahoma Gas Sc Elec. Oo. In¬ 
spection trip through the station followed. 
Oct. 30. Att. 60. 

International Telephone Service, by 
H. S. Osborne, Am. Tel. & Tel. Oo., N. Y. 
Dinner meeting. Nov. 20. AH. 85. *" 

Philadelphia-- 

Air Conditioning, by J. P. GasldU, Phiia. 
Elec. Oo. Nov. 9. Att. 185. 

Pittsburgh ^ 

Lightning Protection of Overhead Teanb- 
jpssioN Systems, by W. W. Lewis, Genl. El ec . 
Oo. Joint meeting with the Engineers’ Soc. of 
Western Pa. Nov. 10. Att. 171. 

Pittsfield 

Electrical Research, by E. L. Manning, 
Genl. Elec. Oo. Demonstrations. Dinner 
meeting. Nov. 3. Att. 960. 

Fused Quartz, by P. K. Devers, Genl. Elec. 
Oo. Illustrated. Dinner meeting. Nov 17 
Att. 250. ' 

St. Louis 

International Telephone Service, by ‘ 
H. S. Osborne, Am. Tel. & Tel. Oo., NY* 
Nov. 18. Att. 78. 

San Antonio 

International Telephone Service, by 
H. S. Osborne, Am. Tel. & Tel. Go., N. Y. Illus¬ 
trated. Nov. 24. £tt. 68. 

Schenectady 

Annual meeting. Oct. 8. Att. 90. 
Construction of the George Washington 
Bridge, by E. W. Steams, Port of New York 
Authority. Illustrated. Joint meeting with 
A.S.M.E. Oct. 20. Att. 250. 

Human Engineering, by Ool. O. R. Gow, 
Warren Brothers Oo., and prof, of humanics at 
M.I.T. Joint meeting with the A.S.M.E. Nov 

19. Att. 260. 

The Autogiro, by A. E. Larsen, Autogiro 
Oo. of America. Moving pictures. Joint meet¬ 
ing with the A.S.M.E. Dec. 10. Att. 320. 

Seattle 

The Skagit River Power Development, 
by J. D. Ross, supt. of lighting, Oity of Seattle. 
Illustrated. Dinner meeting. Nov. 17. Att. 85. 
Spokane « . 

Advantages of the New Cascade Tunnel 
and Main- Line Electrification of the 


Tor&nto 

♦Recent Developments in Oil Circuit 
Breakers, by <^r. R. Langley, Canadian Genl. 
Elec. Oo. Moving pictures and slides. Nov. 13. 
Att. 124. 

Circuit Breakers for Branch Circuits, 
by 0. S. Jennings, Westiughouse Elec. & Mfg. 
Oo. Demonstrations. Nov. 27. Att. 100. 
Urbana 

Contribution of the Physical Sciences 
to Human Welfare, by Prof. O. T, Knipp, 
Univ. Illinois. Demonstrations. Nov. 17. 
Att. 58. 

/I /• 

Washington t *" 

Registration of Engineers, by Dr. W. B. 
Kouwenhoven of the Johns Hopkins Univ. (Bal¬ 
timore) vice-pres. A.I.E.E. Dinner meeting. 
Nov. 10. Att. 65. 

Worcester 

Uses of the Thyratron Tube,, by IiP H. 
Rogers, Genl. Elec. Oo. Nov. 12. Att. 60. 


64 


Past 
Brandi Meeting 


University of Alabama 
Joint meeting A.S.O.E. chapter—motion pic¬ 
tures and talks by students. N<f>. 16. Att. 40. 
University of Arizona 

ELECTBONio r Music, by T. S. Henderson, stu¬ 
dent. Oct. 16. Att. 5. 

Carrier Waves, by O. A. Ferguson, Am. 
Tel. & Tel. Go.« Dinner meeting. Oct. 23. 
Att. 14. 

Thomas Alva Edison, by H. P. McGovern, 
student. Illustrated. Oct. 30. Att. 7. 

The Electron Tube Voltmeter , %nd Am¬ 
meter, and the Phase 'Shifting Bridge, by 
P. P. Hawley, student. Nov. 6. Att. 7. Film— 
“The Single Ridge.’’* Nov. 13. Att-. 6. 

University of Arkansas 

Lead Acid Batteries, by H. EF. Lewis, stu¬ 
dent; Storage Battery Application, by Erie 
Cato-, student; Review of the Electrical 
World, by Luther Hildebrand, student; Re¬ 
sistance, by Eugene Ray, student; The Life 
and Works of Edison, by L. Wasson, student,' 
Nov. 11. Att. 38. « 

Magnetism, by E. E, Boreland, student; 
Illumination of Atretic Fields, by F. L. 
McDonald, student;- Research Work, by 
J. H. Nelson, student. Dec. 2. Att, 42. ’ 

Armour Institu'e of Technology 
Transmission of Pictures by Wire, by 
S. R. Sjoderberg, Am. Tel. & Tel. Oo,, assisted 

r ' r 

Electrical Engineering 


.. * ■ 


by A bln - Pirated. ftov. 7. Att. 65. 
• Tw p- Sp i ? BD Continuous Automati? Sys¬ 
tem. by E. G.„ Steelier, Chicago” and North- 
• -western RR. Oo. Illustrated NovaiAt?? 
Pdm “The Electric Ship." Dec. a! 1ft JJ 
University pf British Columbia ’ 

System op,D-0. .Distbibution. 
J- Hond0 rson. student; The Control o? 
fc?r WCY O^atohs « Means of 

sr’I st by A ' °- 

Brooklyn Polytechnic Institute . ” 

The Problems Confronted in the Desiun 

OF A COMMERCIAL SHORT-WAVE, RECEIVER FOB 
Operation fbom A. O. Mains, by L. A DeRosa 
student; The Theoby of the’ iLu^onVo^ 

• * *“ *—«• —. 


Bucknell University < , 

Prof. G. A. Irland, counselor, discussed fte 

thTlmnn 1 ) 0 ^ 6160 ° f the A * IJ 5- E - and stressed 
° f student enrolment. J. a. 
Everltt elected secy.-treas. Nov. 4. Att. 14. 

, California Institute of Technology 

+l f* J* Howo11 , Sterling Motor Oo., described 
tticF characteristics and construction of sterling 
motors. -Nov. 18. Att. 36. 8 

University of California 

DAM ON bTw O 0N T ** AVV ™* OF Hooveb 
Dam, by W O. Johnson,*'WesMnghouse Elec. & 

V ivix h ^ ee studont,s Presented papers on 

h 8noL°n M C e ^ Farttday - my ' 10 - Att. 31. 
Shobt Outs in Complex Numbebs, by W J 

• SflVT' Pilms "Big Deeds'” and 

Power Transformers." Nov. 24. Att. 42. 
Election of officers: J. ,T. Oaesldy, chairman ; 

o’p Van l n° r ’ uice ' cllalrman ‘> S- L. Bettis, sccu.', 
O. IJ, Van Camp, treas. Dec. 2. Att. 9. 

Carnedie Institute of Technology 

SWITCHBOARDS AND THE WoBK OF THE 
Switchboard Engineer, by A. J Peterson 
W^ttaghouse Elec. * Mfg. Oo’ Nol Ta'. 

Case School of Applied Science 
^Bbsuboitation FBOM Elhotbic Shock bv 

Catholic University of America 

oVl 5' ? u? rSOy * U,S - 0oast & Geodetic Survey 

“fathom 8 W T 1 !V Stratlng wirlng dl aBrams of the 
" 8ed t0 fllxd tho d °Pth of water 
at desired points. Nov. 12. Att. 39* * 

University of Cincinnati 

_ The Application op FuiSbh to Electrical 

TTni I B, n VTI p N Shr8TaM8 ' Frank Sanford, 
Union Gas & Elec. Oo. Nov. 11. Att. 66. • 

Clemson Agricultural College 

Practises that Improve the Upei^ation of 
Electbical Equipment, by O. P. Walker, stu- 
hv v T I1 ‘ U8 ^ ated Ioctur o on the Genl. Elec. Oo. 

oy v. h. Bethea, student. Nov. 6. Att. 40. 

Prof. O. M. Asbill gave a talk on radio. Our- 

ZlfiST* by J ’ L * °- Fosto - 

Colorado State^ Agricultural College 

D Fo8 J Graduate Work and Advanced 
Decrees, by .Prof. H. G. Jordan. Dale Pinker- 
ton elected secy. NoV. 9. Att. 24. 

University of Colorado 

1 / li ?r“ The St0ry of Nitrocellulose." Nov. 

18. Att. 61. m 

Cornell University 

« and “Cities of the A.I.E.E. wore 

outlined by Prof. p. m. Lincoln and Prof. R. p. 
Chamberlain. Nov. 6. Att. 33. 


University of Detroit 

* / Set °= b «™and Radx$ Maintenance, by 
J a °° v ® r s*H°°ver Lab., Inc.. Fili- 
Wizardy oi Wireless." Nov. 12. ,Att. 60. 

Drcxel institute 

» r ^ SOBM! *b OF-MoDshN Physics, by Dr. T H 
Johnson, ass?, director. Bartol Reseaich Lab 
of Swartlftnore College. „Nov. 19. Att. 36. 

** Duke University \ 

Debate, in which four students participated- 
^solved: That Hydro Power « 

pZZ L «° B THE Ga *»*AWoF Electric 
Power than Steam Power. Nov. 19 . Att. 20. 

University of Florida 

Power Distribution fob Rapid Transit 
Lines and Dynamic Braking, by P. B. Gaines' 

ass A F sr M ^” B * «*** 

Development of the Oolleqb o* Engi¬ 
neering at the University of Florida by 
Howard Rybolt, student. Dec. 3. Att. loo. 
Georgia School of Technology 

' ***«?«••• "u** 


a» .. , a. juaison. VLiatiiri 

Works!"" BleCtrIfa 101118 UD,t 


University of Denver , 

v k^^tion trip to the VaLmont plant of the 
Pub. Serv. Oo. of Oolo. Nov. 7. Att. 13. 

The Effect of Physical Stresses ^n Mao- 
Hetic Materials, by Martin Eisendorfer. 
Dec. l. Att. 14. * . , 


Harvard University 

Nov°i9. ;R rtr77 HBAD ’ by Pr0f ‘ Phl,ip 0abOt * 

University of Illinois 

Film “DynamicAmerica." Nov.ll. Att.40. 
University of Ttowa 

SewJi T Ltfd tT fli^ D r PaNTOD “ Tubes> by Wendell 
Howard, student; Induction Furnace, by Jack 

Sayor, student; Life and, Works of Thomas 
Att 8 4i N ' ^ L ° 0nard SaJbs - afcud ent. Oct. 28. 

Some Acoustical Problems of Electrical 
Engineering, by Harold Petersen, student 
Modern Street Lighting Practise, by R K 
Meyer, student. Nov. 4. Att 3b 
Film-"The SingleRldgo." Nov’. *8. Att. 42. 

Kansas State College 

A r?n^ y Ar ^ Ur Groos b«ck of the United Pwr. 
Aft™?' Pictures. Nov. 6. Att. 54. 

«X aS* 1 - Proeram «>»'«> «»■ 

The Engineer’s Work in a Power Oom- 
I^ Y gPwr. Sc Jjfc. Oorp. 

University of Kansas 

l 2 d »- ^Ucs by students and faculty 
members. Nov. 10. Att. 20 . V 

University of Kentucky 
Southern California Power Develop- 
, mbnt, by Prof. E. A. Bureau. Nov. 18. Att. 41. 

Lafayette College 

The Bulls Bridge Hydroelectric Power 

ln 8 iT»t B °rt MB ^ T ’ by ? ichard Brunn - student. II- 
lustrated. November 20. Att. 14. 

Lehigh University 

* HO r Alv /® DI8 °n. by Sidney Land, stu- 
v n M ?f u ; F0VR Months *» Europe, 
Nov xT SS ' B " ker ' ° 0l ' ,rabl “ V ^- 
Lewis Institute 

t !“ Rotoi of a Telephone Call, by 
L. P. Evans, student; The Handling of a Tblb- 
A+^’r» by M ’ H ’ Dressler - student. Nov. 16 . 

ATiu. O 0 . 

University of Louisville 

E ^ rPMBNT ’ by °* Bataes, Samson 

m. a ot ” u ° d 

University of Maine 

^ B. J 5 . Young, chairman, outlined the activi- 
mee ting hold in Rochester in 
Apru, 1931 . Prof. W. E. Barrows outlined his 
experiences at the sUver jubilee of the Illuminat- 

a fL a °°* bald* at Pittsburgh. Oct. 22. 

Att. 24 . , . . , • - 


* * 


January 3332 


Thomas Edison’s Life and Work, by Ray % #» 
mond Hunter, student^ FaePday^ IAfb and 
Work, by Henr^ Howes, student. Nov. 12. 

Att. 16, a 

Massachusetts Institute of Technology", 
Inspection trip through the plant and l#bora- « 
tories of the Simplex Wire & Cable Oo. Nov. 4. 

Att, 30, ’ 

The Generation and Distribution of* 
Electric P,owbr, by*JS. S. MansQeld, Edison 
Elec.a Ilium. Oo. of ,Boston. Film—"More 
Power to You." Nov, 19. Att. 226' 

Inspection trip to the Edgar station of the 
Edison Elec. Ilium. Co. of Boston at South 
Weymouth. Nov. 23. Att. 26. 

Mi °nology C ° llei£l? ° f Tech- , 

W. D. Stewart, student, gave an illustrated 
iectuie on turbo-gen^tors. Equipment and . 
Operation of Radio Station WHDF at , 
Calumet, Mich., by K. M. Smith, student. 

Nov. 19. Att. 31. • ' • 

Michi^anutate College ■* - , 

Experiences in Russia, by Mr. SMcElroy. 

Jbint meeting with A.S.O.E. and AS ME 
Branches. Nov. 12. Att. 23., ’ * , 

A ?’ HB Wbathb « Bureau, by Pr3f. 

Seelye, U.S^ Weather Bur. at East r,nn«i n g 
Dec. 8. Att.%4. * \s ' , 

University of Michigan** * * , 

The Placement, Thaininc, and Eventual 

* Z ? THB Enqi nbering Graduate, by* 

W. A. Furst, Westinghouse Elec. & Mfg Co 
Noy. 24. Att. 102. S ' 

Missouri School of Mines and Metallurgy , 

L. K. Johnson, student, outlined his experi¬ 
ences while employed by tho Genl. Elec Oo * 
Nov. 4. Att. 16. 

Demonstrations* Nov. 18. jJw. is. 

Montana State College 
r a ® ira “ AI ‘ Electric Training, by George 

h??T ^ DI ° TnANBMITTBH Fi lter Circuits, 
by H. L. Casey; Nature’s Freak—Ball Light¬ 
ning, by P. B. McAdam, student; The Way to 

LlZ P f RITY PKOoni88a ’ by c. E. Grunsky, 
token from the Oct. 1931 issue of Electrical 

Engineering presented by Wm. H. Scheele, 
student. Nov. 5. Att. 103. 

Montana, Section as guests of the Branch 
Witnessed displays and, demonstrations pre¬ 
sented by students. Refreshments. Nov. 19 
Att. 462. 

University of Nebraska 

Inspection trip through the offices of Dr R L 

Smith; X-ray equipment displayed and uses 
demonstrated. Nov. 4. Att. 60. 

Newark College of Engineering 
Development of Television, by G. R» 
Ottingar*N. J. Bell Tel. Co. Illustrated. Nov. 

23. Att. 46. 

University of New ’Hampshire , 

Michael Faraday’s Rise to Fame, by H. L. 

Wood, student; Combating Magnetism in 
Watches, by B. Booth, student; The Physical , 
Analysis^of Water Coming from a Paper 
Mill, by L. A. Barker, student; The Advance¬ 
ment of the Turbo-Generator, by J. L Cur¬ 
rier, student. Oct. 3. Att. 32. 

^ The Development of the Microphone, by 

• . Cushman, student; Electricity in Agri- 
culture in Sweden, by H. T. Dickson, student: 

Anotheii Curb for the Business Depression, 
by A. E. Dogan, student. Oct. 17. Att 25 

GvL. Freese, student, described the new bridge 
to be constructed between Newington and Dur¬ 
ham; Functions and Benefits ofthb A.I E E I 
by P. A. Rolfo, student. Oct. 24. Att. 29. ” 

Illumination of the Home, by O. M Giid- 
den, New Hampshire Gas & Elec. Oo. ' Illus¬ 
trated. Nov. 7. Att.,33. 

_ SoMB OF THE Problems in the Distribution 
Department at Cambridge, Mass., by James 
Allen, New England .Gas & Elec. Co. Nov. 18. 

Att. 45, • - • . 
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* c 

University pf N#w Mexico c 

M. A. True, chairman, out^ned the aims aijd 
activities of the A.I.E.E. Nov. 6. A^. 33. 

ElflTORTf AND THEORY OP Et,BCTBICA.Ii PRECI¬ 
PITATION op Solids from Gases, by S. O. Fish, 
student. Nov. 17. Att. 18. 

New York University 

** • Bulats, by G. M. Heckel, student; Arc 
Welding, by L. IdndQpf. student. Oct. 27. 
r r 

University of North Carolina 

Oalcttlatton (hr Three-Phase Short-Cir¬ 
cuit Currents, by 0. L. Giersch, Duke Pwr. 
Co. Nov. 12. i^tt. 35. 

r University of North Dakota 

Michael Faraday, by E. Besken, student; 
Joserh Henry, by Gep. Anderson, student. 
. . Nov. 11. Att. 10.® r © 

University •'of Notre Dame 

f> 

The "Use of Transformers in Telephony, 
by Henry Oluver, student; Tgs Manufacture 
of So unij-E cj-uipmb nt, by H. H. ShotweE, (Tpe- 
radio Mfg. Co. John Scanlon, student, pre¬ 
sented the bi-monthly engg. digest. Nov. 16 
Afiti 75. r 

Neon Signs® as Used in Advertising, by 
E. W. Kenefake, student; Oo-MMBfcciAL Illumi¬ 
nation, by 0.«P. Cleaver, Westinghouse Elec. 
& Mfg. Co. John Scanlon, student, presented 
r the engg. digest. Nov. 30. Att. 65. 

Ohio State University 

Several students gave talks in commemora¬ 
tion of Michael Faraday. Dinner meeting. 
Nov/o. Att. 18. 

S’omb Institute Problems and the Elec¬ 
trical Industry, by Dr. O. E. Skinner, pres. 
eA.I.E.E., and flsst. director of engg.. Westing- 
house Elec. &<Mfg. Co. Dirtier meeting. Nov . 
20. Att. 50. 

Ohio University 

Making Electrical TRANacniPTioNs, by 
Prof. D. B. Green. Nov. II. Att, 44 . 

Prof. W. H. Cooper cave a talk in which he 
compared the engg. students with students of 
other professions. Dinner meeting. Dec. 9. 
Att. 46. 

r 

Oklahoma A. & M. College 

Thomas A. Edison, by E. E. MoGre, student. 
Nov. 9. Att. 24. * r 

Pennsylvania State College 
Four students outlined their experiences dur¬ 
ing summer employment. Oct. 28. Att. 23. 

Why Auto Axles Break, by Dr. E. O. Wood¬ 
ruff. Nov. 18. Att. 90. 

University of Pittsburgh 
p R. E. Bishop, student, outlined his experiences 
while doing coop*erative work with the Ohio Pwr. 
Co. Oct; 29. Att. 121. r r 

Life and Work of Thomas Edison, by T. 
Namlick, Student; Report *on Academy of Arts 
and Sciences, by J. V. Heisch, student. Nov 
«. Att. 121. 

* Copper Oxide Rectifiers, hv TT. T, Lammy , 
Student. Nov. 12. Att. 122. 

Secret Service System, by G. S. Onori, 
student. Nov. 19. Att. 120. 

Pratt Institute 

Historical Development of Modern Phys¬ 
ical Theories, by J. E. Thompson. Nov. 5. 
Att. 74. ' 

Manufacture and Testing of Wahd- 
Lbonard Vitbohm Resistors, by H.F.McCord, 
student. *Nov. 19. Att. 31. 

Sound Reproduction in Talking Pictures, 
by O. W. Hancock, student. Dec. 3. Att. 20. 
Princeton University 
Tkyratron Commutator Motor, by Prof. 
0. Jl. Willis. Nov. 23. Att. 12. 

;;: Communication Problems of Power Utili¬ 
ties, by L. K. Wyatt, student; Pennsylvania 
Electrification, by L. Thomas, student; 
Lightning Arresters, by M. Kine, student. 
Dec. 9. Att. 6. 


Rensselaer Polytechnic Institute r 

Some PicturescTub Spots £n the Develop¬ 
ment of the Incandescent Lam^t, by Samuel 
Ferguson, Hartford Elect. Lt. Co. ^Tov. 17. 
Att. 120. - r 

Rhode ^sland State College <j 
Electric Welding,,, by L. O. Bre&ult and 
B. Porter r 6tudents. Oct. 15. Att. 2lf 
Lagging of Watthour Mbtbr§, by Mr. 
Mobrey. Nov. 5. Att. 34. 

Life of ^hom^s A. Edison, by L. M. Lang, 
student. Illustrated. Nov. 12. Att. 17. 

Airport Lighting; by Gjteo. Freeman, stu¬ 
dent; Radio Communication on Trains, "by 
Edward Long, studb^t. Now. 19. Att. 15. 

The Rice Institute 
Film—“Power.” Nov, 18. Att. 21. 

General discussion. Dec. 3. Att. 13. 

Rose Polytechnic Institute 

Life of Faraday, by Wm. Hineline, student. 
Nov.25. Att.36. c r 

Pilm—"The Magib Circle." Dec. 7. Att. 101. 


University f of Santa Clara 
Film—"Modern Methods* of Riveting." 
Joint meeting with A.S.M.E. Branch. Nov. 12 
Att. 104. 

Report of Sari Francisco A.S.M.E. and, 
A.S.O.E. Section meetings^given respectively by 
Gale Sullivan and A. Porter, students. Joint 
meeting with A.S.M.E. and A.S.C.E. Branches. 

, Nov. 19. Att. 95. «■ 

University of Soui^h Carolina^ 

Film—“Thomas A. Edison," Nov. 5. Att. 42. 
Business meeting. Nov. 12. Att. 11. 

Santee River Hydroelectric Project, by 
L. E. Rankin, strident; Application of 
Fourier's Series to Distorted Current 
Waves, by W. S. Smith, student; Hydro¬ 
electric Project on Broad River, by A. B. 
Urquhart, student. Nov. 19. Att. 43. 

C 

South Dakota State School of Mines 
Industrial Control, by F. H. Doremus,' 
Genl. Elec. Co.; The Modern Trend in Steam 
Turbine Design, by R. A. Halse, Genl. Elec. 
Co. Nov. 4. Att. 37. 

University of Southern California 
E. R. Stauffacher, So. California Edison Co., 
Ltd., described relay applications on the Edison 
system. Oct. 27. Att. 31. 

M. W. Edwards, Municipal Lt. and Pwr. 
Dept., City of Pasadena, spoke on the develop¬ 
ment and expansion of their power plant and 
interconnecting systems. Nov. 4. Att. 25 . 

Stevens Institute of Technology 

Motobless Aviation, by H. W. Braendel, 
student. Nov. 13. Att. 40. ' 

University of Utah 

Inventions of Thomas A. Edison, by 
S. Ramo, student; Development of the In¬ 
candescent Lamp, by F. C. Derrick, student. 
Nov. 5. Att. 30. e 

Salesmanship as Related to Engineering, 
by Mr. Ferguson, Utah Pwr. & Lt. Co. Nov. 19 
Att. 35. 

University of Vermont 

Prof. L. P. Dickinson, counselor, gave an 
illustrated lecture on the life and work of 
Thomas A. Edison. Oct. 26. Att. 20. 

Various Types of A-C. Rectifiers, by 
Prof. L. P. Dickinson, counselor. Nov. 9. 
Att. 18. 

Virginia Military Institute 
Life of Edison, by W. S. Hayman, student; 
Modern Electricity, by W. L. Calhoun, stu¬ 
dent; Life of Stbinmetz, by F. B. Epps, stu¬ 
dent; Lightning Electricity, by N. W.Ling- 
man, student. Nov. 14. Att. 57. 

Virginia Polytechnic Institute 
Hardening Metals by. Magnetism, by 
A. de Villesante, student; Power Plant of the 


, Akrc by R. O. Beverly, student; Boulder 
Dam, byO. Grata, student.' Nov. 11. Att. 50. 

^RjECtifkjation of Alternating Current, 
by 1>. E. Williams, student; Virginian Rail-* 
wftv PowitfR Plant at NarrCwb, Va., by O. R. 
Settle, student. Nov, 19. Att. 47. „ 

r 

$tale College* o£ Washington „ 

Dean H. V. Carpenter, vice-pres. A.I.E.E* 
reviewed activities at the 1931 Pacific CosSfc 
convention. Oct. 27. Att. 22. 
r Life and Works of Thomas A. Edison, by 
D. H. Olney, student. Nov. 17. Att. 34. 

n f 

University of Washington 
Captain Crim, U.S. Army Ordnance, described 
methods Qf electrical firing control. Illustrated. 
Nov. 12. Att. 27. 

Photoeleotrio Cells and Their Applica¬ 
tion to Sound Reproduction, by Floyd Norris, 
student. Nov. 19. Att. 13. 

«Rock Island Project on the Columbia 
River, by L. R' Coffin, Puget Sound Pr. & Lt. 
Co. Dec. 3. Att. 19. 

t- 

^ West Virginia University 

r Rural Power Transmission, by L. E. 
Palmer; Anc Welding, by Wm. P. McQue; 
Ways of Proving Good Wbldb, by R. W. 
Blair; D-C. Controlled Relays, by A. W. 
Friend; Circuit Brbakerb in the Home, Jby 

J. L. Simpson; Transmission and Distribu¬ 

tion of Electric E&brgy, by J. E.Wallace, 
allstudents.'Novc9. Att. 30. « 

Modern Practises in the Use of~Ei.ec- 
tric^ Power, by M. Stewart; The Earth's 
Electric Charge, by F. D. Brown; Night 
Photography, by E. P. McCue; Electrical 
Appliances at the NemaColin Mine, by V. 
Montieth; Welded Building Construction, 
by A. Higgins; all students. Nov. 2. Atfe 30. 

Thomas A. Edison, by Philip Skaff, student. 
Illustrated. Film—“The Single Ridge,” Nov. 
9. Att. 30. 

University of Wisconsin ■ ■ 

Thyratron Tubes, by O. V. Bullen, student; 
Calculation of Magnetic Flux Density, by 

K. J. Rhodes, student. Nov. 9.' Att. 67. 
University of Wyoming 

Theoretical Functioning of Gaseous 
Tubes Used for Illumination, by Albert 
Buchholz and LeRoy Border, students; Practi¬ 
cal Application of Gaseous Tubes Used for 
Illumination, by H. Soule, Western Pub. Ser. 
Co. NoV. 17. Att. 25. 


AJJresses WanteJ 


. A list of m e mb ers whose mail has been re- 
turned by the postal authorities is given below, 
with the address as it now appears on the Insti¬ 
tute records. Any member knowing of correc¬ 
tions to these addresses will kindly communicate 
th em at once to the office of the secretary at 33 
West 39th St., New York, N. Y. r 

Balaguer, Manuel M.,c/o International Tel. Sc 
Tel. Co.,67 Broad St.,New York, N. Y. 

Oater, C.,Sandal, Church Road, Pinner, Eng. 
Ohilofsky, Joseph, 958 N, 7th St.,Phila. Pa. 8 
° plains n‘y" 126 Chatterton Pkwy., White 

^jSsb^SS 68 G - T " 1318 Laketon Rd.,Wil- 

R.H.’,1814 Virginia Rd.,Los Angeles" 

^Londiion’ Eng° b L " 64 Priory Rd.,Hampstead, 
Kmnm^ J. Uoyd, 1801 N. Lamar St.,Dallas, 

M NSW Ch AStoaiS :CVie 0atereire > Ltd., Sydney, 
M^r^d£y\.,Yeatton Wooldch Rd., 
Abbey Woad, London, S.E.2, England. 

Mountain, O.E..Burma Elec. Supply Co..Man¬ 
dalay, Burma, India. ’ 

r Electrical Engineering 


• * 


• Parr. J.C.,2*4 5 -71st St.. Bklyn JST Y * 

pIsS^h 61 ; ?93 4 JeppeTt 6 S kE! liIa i Mich"**’ 8126 E ‘ Vernor Highway. 

^ ... ■ m ^ 

* . * 


m- 

E 


mployment, IVofes 

1 *- SorfeMe, E ro pl oymewt Ser^e 


• , • 

Dlan c '£?, r K (a TocU..*oooSeraHv 0 

$rS2%j&i£2!°£:‘ r 
a„s So »«££. s?ys« 



Men 

Available 


<* 


WpWotpA'. 24, single, B.S. in E. a 
• lf)?1 ’ 4 J rr - W r, onCe in construction 

Work I InClmLI 1ir/v..U _ 1 


A EN? 5 R. member AIVE E 


opportunity. D-m^" Salary secondary to 

str octii r a 1 and 

Siips 

-^stations 1 UnemnlnvfiT A??n^ and outdoor. 


E S °^T8* yf slmUar^wo^iA 1 ^St? »"S 

tional/ < D-45, AValab *° ■ J? JSS^SSSs^^^ 


tional. D-45. 

lifplli 

,• . pnA^a^uiisse JSbSs:^. oSma 

flSffiSiVmi' grad..‘as, married; 
'«■station and + rmearth wi t5Bt n ngrt pwr - 

SHMB 

trlaj’ami tS5Sw“Js^SfSIj F ° 

#W£ 3 £ 3 teS$# 

vision of construction and maintenance- ms?,« 
t rtoc*. work as dmftVuan S e SwfSrt - 
vocation immaterial. Available at onco. 0 - 5151 ." 

l -MEpif. ENGR., 28 , mafVied ME 
deg,, thoroughly competent mech. and* ninW 
design and dov. of rotating^apparaitus 

uuk. or pub. utility company. Unbrinttfnir in 
£“,!“«£ environments qualifies l/m for saiS 

io^AAT -SS&ES^ffl^ 

sfe £sn&i vr isufr jsHg 

York preferred but not ossoutial, 0-9467. 

GRAD, eastern college, B.S. in E E 
* ? p ?7* ®ood tech, background. Knowledge of 
vacuum tubes, audio amplifiers and sonnri „2f 
producing systems. Bff SS andte 

.ar&iSgi 

equipment engr. 

,7f• i experience in motor control deslm 
particularly elect, elevator anci xnisc control 
problems and layouts. B.SMn E isi D- 120 ! 


> v u “ 1-mo. ui.iuuv on 

substations. Unemployed. A -3027 

, StTPERINTENlJffiNT the , , S&S 

SS^'laS 


BJsSHSF&ns* 

'fiasajpsj* 

marrfSP^i’ DESIGNING DRAIN'S MAN 87 * 
1 ) yr. design 3 !? ttm^nrl h S fc j' n, ? h(; school, E.E.’ 

patchor tr fflabi a o n ' now' °5«^WSd iSdSii 
3660-Ohicagm Anywhere. C-99S6- 

at xSilHlsSy ir : 

tewras- mK,<,, “ wafssaa; 

iiiiSIPP 

holding company. Locatfon imiatorial U C- 35 fl 4 ! 

dSsSMS"’ rS? t £g M S E ffi« a ? d 

sign experience. Now omjloyod.^5-131 " ^ 

S&“«KS« 

'ssSs^^sisbsssbm: 


^- v ***0 i'XJi Ltbl lUC 

rojfg. concern. d-49Si. 

naw 

One month's notice. ft rM 47 LoCatiion immaterial. 
A?EE 01 t'e A s N1 ?a ILLUM i e NGR. member * 

GRAD. E.E., 22, sineLp, B.S E E ltm- 
I[ors X ?n« K V nco 1 in i rafr - e"wt. motors and gener^ 

aSSSis 

G.S 26 - ’30.15 months 

at once. Location New Ycrlc. D-130. Avai ab,e 
* N Y 3 SliSJ?rp£;. , K E s ^m leading college in 

ssssr a“3 p is ln fe 

country. Available iraiSdiatoly 01 D- n ia 4 f° reiga 

SALES ENGR., grad. M.I.T took n q it d 
D osign experience W r! r. Oo We^tin^ 
house lest, sales course. Sales oxperfefe 


ENGINEERING SOCIE TIES EM PLOYMENT SERVICE 


57 Post St. 

• San Francisco 
N. D. Cook, Manager 


205 West Wackor Drive 
Chicago 

L. E. Griffith, Manager 


^iATNTAINED by the national socle- 
. . t e f ^ civil, mining, mechanical, and 

tlfaS 0 !? ongineGrs - in cooperation with 
the Western Society of Engineers. Chicago, 
and the Engineers’ Club of San Francisco 
An inquiry addressed to any of the throe 
offices will bring full Information concern¬ 
ing the services of this bureau. 

jrrif n Available. —Brief announcements 
w J 1 bo published without charge; repeated 
only upon specific request and after one 
months interval. Names and records 
remain on file for three months; renewable 
upop request. Send announcements direct 
to Employment Service, 31 West 30th 
Street, NewYork, N. Y., to arrive not later 
than the fifteenth of the month. : - 


31 West 39th St. 
New York 

W. V. Brown, Manager 


Opportunities.—A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or Sio per 
annum, payable in advance. 

Voluntary Contributions.— Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 30 days afterplace- 
ment on the basis of l.g per cent of the 
first year’s salary. 

Answers to Announcements.—- 
Address the key number indicated in 
each case and mail to the New York office 
with an extra two-ceht stamp enclosed 
for forwarding. 


January 1932 


•^domestic and export elechequip.f financial train- 
Desre?' sales position or one whefe com** 
pined tech, and commercial knowledge is advan¬ 
tageous. At present in New Ywk City. G-I41f£ 

aa^ E -£?V® NGI ' ;e V 28, wl^imech. andlab. experi¬ 
ence. Wishes work especially in connection with 
elec. rjjs. Salary not important if work is with¬ 
in New York area. 0 - 8424 , 

* graduate Oalif. Inst, of 
i Special traming vacuum tubes and 

c ommunic ations, also radio experience. Desires 
position in communicatfibas or allied fields, 
"mil start %t bottom, t Location immaterial; 
available at once. D-171. _ 

, GENERAL EN<Sr. Univ. education. West- 
inghouse apprentice. Wide experience. 4 yr. 

°* P wr - and wtr. supply for 
large industrial corp., operating chain ox plants. 
•Jy*: *2fS® ea gg. mid constr. corp. Experienced 
. in medh. design, test and operation of pwr. sta¬ 
tions. D-172. 

m E £ j -^ T vJE ng ' r ^ 2 £> Sffrgle. Grad. Georgia 

* 29, ^ E.E. and O.E. Westinghouse 

t^t floor, engg. school and design school. 1 yr. 
mqjerience in turbine generator design, incl. dev. 

with future. Location 
immaterial. Available at once. r 0-90^3. 

ELECT# ENGR univ. grad., 36, r mlr- 

frTflAii?t? f s ^ o S nd , 0f 8 .yr- experience elect, test. 
J? deld and lab. also in erecting equip. Addi- 
3K yr. expedience in test and manufficture 
tubes. Desires position with mfr. or 
^We New ^rk Preferred. Avail- 


• * 

erence. Can handle responsibility. Wants con- 
nection with pub. utility, holding company, conf- 
tractor or mfr. Available immediately. Loca¬ 
tion immaterial. B-9661. * 

GRAD. E.^5., 22, single, B.S. in E.R., 1931, 
desires work where 5 yr. practical experience as 
electrician and radiotrician will be ,of value. r 
0"9896» A 

t w 

BLECH 1 . ENGR., 23, single, 1931 grad., 
E.E. from »Bklyn. Polytechnic Inst* Desires 
position mth electrical industry with an op¬ 
portunity for advancement. Salary secondary. 
New York preferred; not essential. • D-188. 

ELECT. ESTGRJ45, univ. grad., experienced in 
the various branches of elect, engg. work of pwr. 
companies incl. work#for industrial customers, 
desires position with pwr. company or mfr 
Permanent position,desired, but will consider 
temporary work. B-1Q23. 

GRAD. E.E., 24, cooperative college. Experi¬ 
ence, design, manufacture.test, repair of indicat¬ 
ing instruments, tube testers, a-c. and d-c. power 
instrumelLts, special instruments, relays. Famil¬ 
iar with test, laboratory equipment. Good 
background for research or test. Also experience 
In production. Tyne of worfc secondary. Avail? 
ableatonce. U.S./Canada. 0-9585. 


E.E. degree, m&rried, 30, locate New York 
viciniter. D- 181 . ,, - 

r.,£ E ^^ R ^r D % V ' ENGR., 30»B.S. and E.E: 
Cojuanbia and Harvard univ. 1 yr shop, 6 yr. 
test., research, development, patent experience 
on(!yarious electrical, electro mechanical devices 
ror domestic, industrial applications; proved and 


f E-^ ^6, single. B.S.’29 and M.S.’31 

* yr* QTSj. Test; 4 c suminers gen’l 
^wSriu^o 8110 ? work with telephone company. 
Available at once. Will go anywhere, to any 

?) >S 17 S m ^ OT wbk h Qualified. Salary secondary. 

. 1S31 GRAD. ENGR., with B.E., single, 23, 
dnsfres position in the elect, industry 

toSaffi^D-l^ 01 * advancement - Lo^tton 

1931 E.E. GR^D., 23, single, B.S. in E.E. at 
Somin^experience in electric station 
°f,P u h-utflity Company. Detires position with 
POO- utility, elect, or radio mfg. company, salary 
secondary. Available g.t once. D-180. ary 

ELECT. ENGR., Cornell. G.E. shops. 6 yr 

e?LCh! 1*V aImH*. llvr/?urtnlanf . v ~L_I. 


temcations, etc. Also some experience in design 
of elect, mach, Fluent Spanish. Will consider 
new field at reasonable salary. 0-8663. 

J®?®®-- p EODyCT I ON demand close tie for 
SSSSSPS:. doslgaed Snd regulated pro- 
auction in automatic devices, radio receivers, 


0933 ^ atLflCa ^ 0tlS ‘ clxaracter » personality*^ 

r 

TRAFFIC ENGR., grad. E.E., 12 yr. experi¬ 
ence. pub. utility, municipal organizations in 
engineering, vehicular traffic control and fire 
alarm work. Thoroughly experienced, traffic 
surveys, planning, specifications, installation, 
fitc-Oi traffic or fire alarm systems. Now com¬ 
pleting traffic system in eastern city. Available 
Immediately. B-9408. 

ELECT.*ENG., 33, married, B.S. E.E. 1921. 
1° yr \ automotive maintenance. G.E. Test. 

8 yr. designing motors, generators, arc welding 
3 yr. developing, designing auto¬ 
motive drive motors, generators, control. 3 yr. 
au tpmotlve development, maintenance bus, cab 
company. Interested, electrical, automotive, 
designing, maintenance. D-05. 

f GRAD. E.E., 46. 18 yr. experience in the 
{■manufacture of elect, wiring devices, incl. design¬ 
ing- development, test., estimating, cost and 
production work. 4 yr. with Underwriters 
Laboratories charge of branch office malting 
Inspections, tests, examinations and reports. 
Desires position with mfg. concern, inspection 
bureau or experimental laboratory. 0-8449. 

ELECT. ENGR?, B.S. in E.E. 1928. 6 yr. 

operating^ experience in elect, pwr. plants, both 
hydro and stm., 4 yr. cent accounting, some test, 
and sales experience. Wishes position with elect, 
utility or mfg. ^onCern. Single. Salary open. 
Location U.S. or foreign. C-7796. «• 


M 


tavesMonr^ 

«mntity production high voltage vacuum den 
vices, photoelectric and neon tubes, plant equip¬ 
ment; director electrophysical lab. Geoelectrical 
TOrv|7s for water, ore; own completo-equipment. 

r. 

.-hiflustoial physiblst tech. 
d i ve i' si ? e , (i research experience and «■ 
excellent engg. training. Desires position with 
or ® "^fll consider opening 

B-8987* *° a ^ 6 engr> ° r business executive. 

ENGR. INSPECTOR, tech, grad., 19 yr. ex- 
test, and lab. work, valuation, 
JyfjFJjbdy, Inspection and expediting production 
Pf. and mech. pwr. equip. Familiar with 

ISiteriai V * tw °<£* pwr - and teajXssion 

WtodaL Past 9 yr. represented pub. utility 

d°S y £?r 9 Ctfelg and ."Brtimg. Position 

J-B.. 1929, single. 23. 15 mo. as 
G .;®- te8h Some test, draf^ 
^tehboard construction experience 
fl^ r ^S’^ duatio11 - Interested in positfon ^th 
aJ? S? 11 ®- °? 00work or with utility or 
mgmtfacturer. Available at once. Location 
anywhere in U.S. C-8028. 

MGR., SUPT., desires to 
make change. Married, 33. 3 yr. E.E. course 
broad experience, 2 yr. U.S, Navy, 2 yr. laKre 
lr ^ 8, company, 6 yr. elect, engr. ins. com- 
pany. 4 yr. power-plant constr., mgt. Middl e 

C ° nsider othar - Sll0rt 

24 > fim?! 0 . Iowa State Ool- 
^Experience lrnnted. Desires work 
£? acer:Q - Salary second 
U.sf^ggfr^’ ■ A - vadable now - Anywhere in 

GRAD.’ OF NORTH CAROLINA ST A r rn’ 
COLLEGE, class ’31, B.S:kiE.E., desires coS 
nection with illuminating concern or work with 
C8 S 8 -_, no consideration. 

UP; uv- 

82 «. s togle. 3 yr. Westinghouse 
ha?'- f a P erTl f| Q S power plants, substa¬ 
tion, transmission line construction, 8 vr 
engg. insp., purchasing, expediting, teacer res* 
engr, and writing sp^lflcations. Ix^mt ref- 


embersnip 


Recommended 
for Transfer 

,,The board ofexaminers, at its meeting of 
November 24,1931, recommended the following 
tiansfer to the grade of Member. 

To Grade of Member 

ssni - «»*■■»*■ 

® ra *m_Vivi a n j jp ^ gjgg engr. .Dept, of Pub 
’ Sy< ^ le y> N.S.W.,Australi a 

traM - :p “ b - 

° M ' I s^ o & 0 H ,bffi s *°A 9leo - *® t • oui8 Bs - 

Carraway, Thomas W.,GrinneU Co..Providence, 

TOOt - Am - ™- * 
Fenkhansen .Rudolph H.,supt.,pwr, dept.,Beth- 
OaUf 1 ®* d ® bu ^ d I n 8 Oorp.,San Francisco, 

® ^artetdlbTBlKiS. e ° Sr '’ B “ ,0r 

Erei p’ A 1 ) b ®5 l fc E.^elec. maintenance and constr., 
Co.,Portland, Ore, 


Sterne, William O.,pres..Arvada Electric Co., 
Denver, polo. 

Wang, Meng, prof, of E.E., Shansi Univ*,China 

Applications 

for Ejection 

* * 

Applications have been received by the sec- 


NOl TdnOo^ Toledo Edi ' 

8 Tel - &T eL 

Eya c3ite iC MS d ^ : ' ,ele8 - en 8 r -*G. E. Co. .Kansas 

Shirki William B.^steti. itill engr. .Westinghouse 
at . Elec. & Mfg. Oo.,E. Pit-tshurgh, Pa. 
Siniapkin NI^olas M.,elec. engr.,State Archi- 
o 9 fflc §i Albany, N.«Y. 

Smitm, "Walter F.,Jr..member of tech, staff, Bell 
Tel. Lab.,Inc.,New York 


mii j a aoovwow, lx apuiicauD nas 
direct admission to a nade higher 
• ofS A^ociate, the grade follows immediately 
^wHA^ e 3 aine- member objecting to the 
+if£«, a A S * of 4 e 5 e ^dldates should so 
inform thasecretary before January 31, 1932. 

^.^PortaJnd G. E. Co., Salem, Ore. 
Anm un P. wr - OorpJBrooksville 

A11 ^^ss*’ tr ited E ec ’ Lt. ■ 6o., Springfield, 

Allen,R.I.j.B.stetson Univ., DeLand, Fla. 
Anderson,L.W.,Genl. Elect. Co., Louisville, Ky. 
Armstrong, W.M.,Stanford Univ. Stanford itniv., 

Ashkenazi,M.A.,Phila. Elect. Co.. Pa. 
Atwater.E.jBell Tei. Labs., N.Y.6. 

|ydelott,J.O (Member)Genl.Elect.Co.,Erie, Pa, 
3aer,W.K.,Underwriters Labs. ,N,Y f O 
Bange,R.Nf.,N. Y. Edison Oo.,NY.6 

^AtJ’nv’ 2 ? E Tr r i®* 1, 'Nantucket,Mass. 

Barrett,R.E.,Jr.,Holyoke Wtr. Pwiy Co Mass 
Bart ^!^E-A., Allis-Ohalmers Mfg.Oo.,West Allis, 

BaSS ^ter N'ir nt1 ' Bfisiness Mac h- Oorp., Roch- 
§6hrens,H.F.,Brooklyn Edison Oo..N Y 
Bell, J. £>., Jr., H.&G.Refrig, Co.,Oolumbia S O 
B6m aphli^isitan tllern States Pwr - Oo.,Minne-' P 

BiggiJr.FA westn. Union Tel. Co.,N.Y C 
““siSSfg 0 ” 8 Elec - 4 

Blackbomn,F-E.^Milwaukee Sch. of Engg Wis 
Solze^Or.^2730 Humphrey St.,E.Elmhmst,L,L,* 

Bond.D.H.^ew Orleans Pub. Serv Inc La 
Border, G.M.,Bell Tel. Lahs. N Y O ’ 

BorngessOT,R.H.,Dept. of Oity Transit.Phila.Pa. 

EoicTRicAL Engineering 



♦ Rrieger.E.AV.,Univ of Tpi«>.r a,* y} „ „, 

-P”8r* , - H -- W *- T^bAjfgJMSS.aci. 

Byrne, H.E., Del»roit Edison Go* Mich 

Cha hmd>Jblo’ CaSe S0h - 0f Ap - acionc e. Cleve- 

EH*. & MfgJ 

cft^ 

Cory oil | W. R ’ ’, Washhig toti*^ ITid v^slv^^ lK ivr' ^ 
Dav&P A' '§mi e v$F Oo°N.O. 

^teW cmb * r,,,? '« <>»■■ 


fsS5pEfiE!^ fc - 
. - 4 0able & ' B » 
KmW^®BiSSi£ r RKiSi Troy N y 

KeIIey:i?.P^SSimSb if‘Y 

3veunedy.E.D..Bu t ee r 8 uikvf&w'Brunswick, 

Kennedy,F.H..Jr. .Rensselaer Poly. Inst., Troy. 

Kinney.P.M.,R. R. No. 2, Clyde tShio 
Knack,W.L.’DnnIop Tirp& Rubber Co.,Buffalo, 

& PltSgti^a. t%taeh0 ^\ EJeC - & Mfg - Oo.,B. 
Langenbere.fi w ri ^-,,1 11 mi— 1 do!, Elizabeth, Pa. 


T-v •* i- >v *.** *'•• AN .«! . — 

Dunh n* p P <i'^ v^e^l-Elcct.Oo.,Schenectady N Y 

sSSfl--w-SM'- «, f Otodim»«, Oblo 

fe‘}i^ M “" bor) '’• 8 - D »W- « Com.. 

*^^wsftaEsa«s« 
i^Kto^^garasu ,w S 5 fcr«r N ™ ——* 

Meyer, P.J. .Old Appleton,Mo. 

JMeycr ,G,H.,Oity of Los Angeles fin, Hr 
Meyere t G.J.,Jr.,Genl. Elect. Oo.*,Lynn Mass 
Michael,P.O.,Assoc. Elect. Labs., Inc.’Chicago, 

Mla pSWif #» tone 4 Watal<ir E °ee- aorp., 


■SffierEWSS;: 

t°tV 19 N , orth St -E. Muuch Chunk Pa 
t ^rf-Rensselaer Poly. List.,Troy N Y ’ a ‘ 

ffiln pV°^n SUlt ®, <#<&■ a™ 

Ma'2: R ” Harvard En BS- Sc li- Cambridge, 

r ^ n fe , &i® 0 -, I1 «“‘ p r -O»m m . of Ont.. 

Ug Mii" Nat * S ° mi<i Sery> Bur -New Augusta, 

LUn oSii 0 ' ,TurnbuU Elovator Co.,Toronto,Ont., 

w M M rci i Je1,u ' Unlv., Milwaukee Wls 
y feffi 1 ® 01180 Elec. & Mfg. Go.,E. 

Magers,O.N.,Bell Tel. Labs..Inc N V fi 
Mantle,G.W..B.O. Elect. Ry Oo’LakR limii-mn 
-Burrard inlet, B.C. ,Oan ,La,ke BunLzQn - 

N?.o’ J -’ 2115 Washington Ave., Bronx,' 

Molin’T'^‘/ < vf Plc , 1 ' MfB ; ^.PMla-.Pa. 

M Chia l go. ( Ilf mber} SS0 - Eloct - La lis.,Inc., 

Mat homrCRy S ffi W0fltern B ° U TeL 0o *-Okla- 
Mc01ure,R.P.,Maine P 4 b. 8 erv.C 0 Praam, « 
McEtemrry, O.A., taLSteO^sSSSSjcg-! 

pfoftS.j;:ga^J!ffiv 0 ^' Pb “ a - I ‘“- 

°°" M « “ Mfe. Oo.. 

taSS"' El00t - 0J-Ltd.,Pete- 

Mc^nff inni J T’• U^ricoley, Calif. 
M 0onn ' J ‘ Ii- ' A0-Glbert L'c-Now Haven. 


^%tt£^p!^!. ahou<l,, Elec - &Mf «- <*>., e. 
Prye,C.C.,Genl.’ isiec. Co..Erie, Pa. 

§3 lln i*f•L-United Elect. Lt.& Pr.Oo NYC 

G d om«Siii M< ' rabc,r) A8so * Tcira: oS: 
G “^Marga2S5?®2 ,m, “ Btoc - & ™ fB - 0o - 

Goldbe^V^i^'V/, 0 ^ E ngff. of Milwaukee. Wls. 
uomi)eig,\ £'%s Moines Elec. Lt. Co.; Iowa Pr 
« uh. Co.,la. . 

Graham,H.E., 1 230 E. 09th St.,Chicago Ill 

Griffith D i> T 7 ih 

ir'ir < Fifth Ht.,Oatasauqua, Pa. 

Halh'iehirA' Hir 1 /' of Ivans, .Lawrence, Kans. 
ff^ai« t L a’^ w ' -Marquette tlniv. .Milwaukee,Wls 

piitiSS'S "" 80 Elce - 4 Mf8 - ® : 

Hall.J.R Allis-Chaimers Co.,W. Allis Wls 
Hanley, C.M..N. Y. Telephone 60 NY 0 
Han .lmi! M ‘ W ' ,Hoosior Pub. Utility oj,Osgood, 
Ham,wor,G.A.^325 .SirapsoiiSt.,NowWestmins- 
Hastad.’p. j.riieU Tel. Lab.,N.Y.O. 

H<1 Mi G " WorCCSte Poly ’ 1^6-Worcester, 
Haydock.j.?}.,Jr.,Philadelphia Elec Co Pn 

Reck or t. R.({., H tandollncl Pipe Lino Oo.,Tulsa, 

il I - H V l i- B , 1 P ol{ !y n Edison Oo,,N.Y. 

Hetl N*y '^ Mcruhcr ^ Col. «f the City of N. Y., 

Han8l6yM.s„ Am . Tel. & Tel. Qo., Kansas City, 

Hepler, K, G., Carn ogle Inst, of Tech., Pittsburgh, 

fe bro<, ,^ E -«;° hio State Unlv., Columbus 
Hoffman,E.C.,Naval Gun Factory, Washington, 

H 0 ward.W.S.,Luthor fiffi High School, May, 

Huang,P..Mass. Inst, of Tech..Cambridge Mass 
Forgf ’ VlrgIrUa Ser™°2)o.,Clffbon 
InsIenim n ,H.E., Micamold Ra^o Oorp.,Bklyn, 

JaCk Ju£-fe£ 0nSUmers Fwr ‘ 0o - Gra ?d 

• -5 . ; , 
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uiowju,.i.iij.,au 

Pottsvlllo, Pa. 

mKII:® T»ftr Spa“&bur 8 h Pa 

Mullen F J aa 1 o painK^n. * „ Wheeler.a.M ^AAa^,vhS.V %rP n *2“° 

Yoric N Y ° Balnbridge Ave.,Bronx, New 

MU8 ¥ex Ve ' G G '' Texas Oreosoting Co., Dallas, 

Xfnaa... TT rx n A, «_ 


n mm 

Jteder,RJ1..,New.York **& Qiteens* Elec. Lt. & 
xj * Pr -jOOy Flushing, N.Y. 
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ngineering Literature 


, New Bopks 

r ■ t 

In the Societies Library 

^^fyfONG- the new^ books received at 
the Engineering Societies Library, New 
r York, during November are the following 
which have been selected because of 
> then: possible interest to the electrical 
engineer. Unless r otherwise specified,, 
books listed have been presented gratis, 
by the publishers. The Institute assumes 
po responsibility for statements made 
in tiie following outlines, information for 
which is taken from the preface or text 
of the book in question. 

- EtNBMATIp/ OF MACHINERY, By 

wr«£; 4 lb l rt an ^- a- EOgera. N. Y.. John 
Wiley: & Sons, 1931. , 527 pp., inns., diagrs 
OxC in:. cloth, $4.50.-—This 
tertbrok. Iv based upon the course given to 
engineering students at Cornell University but 
‘ ^ advanced material, in addition to that 
included in most courses, upon velocity and 
« ac««leration vector diagrams, cams, and spur 

£jp a< ibn, Mc G*aw-HILl Book Co., 1931! 
n+n PP «’^ 1 £l ls l , d feS 8 '’ < %f ts - tables, 8 x 6 In., 
lfi 8 well-known text aims to 
supply a reasonably ^complete treatment of the 
: tbat ™*erly tile design 

'''frSSa^PSESt 'on_of. au types of d-c. machinery. 

^as beem extensively rewritten, 

. gnd new^materlal has been added to bring It 
abreast of modern practise. ^ 



SWjPSa, (iiaera., charts, tables, 9x6 

’ - - Tiie fundamentals of the 

Presented together with 
?hS,w f o^ e rec^t advances in this field. The 
p £ n< & leS i a £ e “Piained, the neces- 
■■■JESLJfSSS? 111 ta f laboratory procedure or 
described, and the precision 
f^tidnable, *w e PreM-trtlons, and the general 
*55?*? ,°t ^e methods are discussed; The 

ot rftdl0 communi¬ 
cation and electrical measurements and n.iao 

76 'ViY ’■-■V: ' j:;' 


is designed to serve as a manual for the radio 
engineer. 

r ' 

_ .J&ESPiSL P ER thermisohen mess- 

GERATE DER ELEKTROTEOHNIK, 1 GruncL 
iasen zu ibrer Berechnung. By J. Fischer. 
Stuttgart, F 0r dinand Enke Verlag. 1931. 147 
pp.. diagrs.^ charts, tables, 10 x 7 In., paper, 

i 3 —Presents In systematic form the 

theoretical principles underlying hot-wire 
iy^yrnents, thermocouples, bolometers, and 
similar instruments, and summarizes the results 
ofi research upon the question of heat transfer. 
This knowledge Is then used to dtamiHa the 
th6 various types of instruments. 

fla^aaSfetS 9 n e a en ? r ' rt ' h ““ 

Book Oo„ 1931. 498 pp.,‘illus.'; 

diagrs., charts, tables, 9 x 6 In., cloth, $4.00.-- 

A condse course in the fundamentals, with 
frequent references to practical applications, 

sals 

RADIO RECEIVING TUBES. By J A 
Moyer and J. F. Wosbrel. 2nd ed. y N.’ Y 
McGraw-Hill Book Oo., 1931. 323 pp., illus ’ 
dlagi-s., charts, tables, 8 x 5 in., doth, $2.50.-—1 
The essential prindples underlying the operation 
of vamium tubes are explained in simple,non- 
techdcal fasMon in this book, which will meet 
the needs of the average student of radio 
com muni cation. {Phe construction,' action 
wi 1011 j 1 !? festifig of vacuum tubes are 
®ud their uses as detectors, amplifiers 
gen , 6 j >at gra explained. A chapter 
k^S”?*** 110 specifications, and another to the 
WgtoaWoMrtTMuim tubes to other industrial 
uses than radio transmission and reception. 

a r,^M INA 0 ^S°H. By E. R. Weidlein 
H fS, or ‘ N v,Y., McGraw-HUl Book 

SSSSSS-'/P methods by which scientific 
investigation has been applied to the problems 
ofmnufacturlng, and ofwhat has been aceom- 
pilsued. by it. The history of industrial 
research is outlined, and some major achieve- 
Promottog human welfare, in cr^LthS 
new industries, in preventing waste, and in 
hnprovlng social conditions are set forth 
for the organization of reseat 
i work and the selection orworkers are given. 

STANDARDS 
, nn? ila<i 9. lp M a ' Am. 8 oc. for Testing 
Mtl. 1008 p., 9x6 to., cloth, $ 8 - Paner t 7 
Tentative specifications, methods of test/ arid 


CONVERSION 'EQUIVALENTS IN IN- 
TEENATIONAL TRADE. By ST Naft. 
PMadelphla, Oomm’l Museum, 1931. 357 p., 
9^to., d^h^JS.-——An unusually comprehen- 
sive collection qf -^eights and measures. i-Fac- 
tors and tables for converting the units of all 
«?E“«es ai-e given in more than usual detail; 

alphabetically and geographically, 
as well as by systems. Attention is paid to 
compound con visions and to spedal measures 
, us | cl engineering, commerce and various 
industries. 

t I ¥ E f 1 EL REFERENCE GUIDE. „By 
J. Rosbloom. Jersey Oity, N. J., Industrial 
Institute, Inc., 1931. 292 p„ 10x8 in., cloth, 

* 10 .-Intended as a reference work for diesel 

SwTS 6 osiers, manufacturers and operators; 
brings together In convenient form such prac- 
tijeqnr and constructiompf 
the engines, their Installation and management, 
f « uel i 8 ’ spawns, descriptions of 
locomotive, airplane, and automobile engines. 
Diesel engine installations In Am erica are listed. 

CONTROL OF QUALITY OF 
MANUFACTURED PRODUCT. By W. A. 

?■ Y -J 5- X. an N’ostrand Oo., 1931. 

501 p., 9x6 In., doth, $6.50.-An important 

SSStySfSSJlSlLBf 6 of statistical methods in the 


VMkuuj ___ 

tories w developing the most ancient ways of 

arifin y ln K S, et ? ods v to th ? Problems that 

arise in manufacturing, he explains clearly the 
matbenmtical and statistical principles that are 

?ctaaTproblems § ° W they are appUed to 


ENGINEERING SOCIETIES 
LIBRARY 

29 West 39th Street, New York, N. Y. 

kiAINTAINED as a ‘public reference 

y library of engineering and the allied 
sciences, this libraryis a cooperative afctiv- 
ity of the national societies of civil elec¬ 
trical, mechanical, and mining engineers. 

Resources of the library are available 
also to those unable to visit It in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon bitten application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 

A collection of modern technical books 
te avaflabta to any member redding in 
North America at a rental rate of five 
cents per day per’volume, plus trans- 
poniation charges. . 

Maxr^ other services are obtainable and 
an taquiry to the director of the library 
will bring Information concernin g them 


lliisciiiiCAL Engineering 































Selected Items From *• 
Current Literature*'* 


^ELECTED references • to current* 
eleotneal engineering articles from 

Sme2r^ g t«ih d - eX i Ser y ice ’ s review <jf 
some 2,WO teohmefd periodicals are givpn 

in the following columns. AH articles 

indexed are on file in the Engineering 

Societies Library, New York, which will 

r S o h f P 25 0f any antiele at a 

oosi: of Jo cents per page, or make 
translations of foreign articles at cost. 

CABLES * 

HasasawsS 

in the year nlnon fflflnholes; 


in the year sincQ th^o fm.r«o a syste 5 1 manholes 

CIRCUIT BREAKERS 

%% p 5 » iS^&S’SSMfflS' 

SteiSSSS?maIce I ! 0ratIOn of “Nanism and 

CLOCKS 

of relative ^SW&SJES tSSSSBlff 

CRANES 

gSwdL^/c^VVoSfvSfo«ei7 , 31 >1 p692.c' 

ffSSMSSE^ 

21»%«!, Prlncipl^ S and d^ 

SSSfeiM on 

DUST PRECIPITATION. 

Ss®®SS?af 3 B!«S 

dynamometer " 

r&sxsatei ssa- 

bustion engines. Before Instn. Production EnS' 

ELECTRIC DfclVE * 

tio? Opera- 

TtAKoo B *“"yder. Elec. World, v 98, Oct. lo ’31 
fife S’onveyor tabies with motor on M 

V bu P “?^,a 

wffi °K: 

maniStentore? 16 Ienefch are candled in processes of 

’ toriea W^nnJTfc”*/ Electric Drive in Fac- 
n° a ' rS? nly, -. jB/cc * • Sct ** v 109 . Oct 9 , ’31 
K>Jfi 7 dat» SSSSS*^ ' wlt:h cru de-oil engine 
DR^hn w«?i^ ng consumption of electricity 
anaivSn 1 S ?» a ~ e 4 different trades; results of 
M ys te f0r various tjnes of plants given in 


ELECTRIC MACHINERY 
* R°a f fl ^ D -°il Ma chines from No- 

•kws. , SS" s, * J3: 

theory of testS5 SLJw. lo J ses due *> load; 
typiem rcul, .ffSfiiSSiS 

ELECTRIC MEASURING 1 

ancr t W0 e Bavil« Ele ? tr ^ sc ? pe - Ca Padty Bal- 
v 10 , Sept 28-3ln SRR7r\ alas i an 
oped bv Tr, Tt ■R*.rtn5.“0°'i79. Apparatus devel- 

Q»ia < ssi? , £> n sr “o 

electromagnets * 

merits, v 2 . Oct ’si „ «{??’ ™ eD '„? cl - Jnstru- 

f, %$* «saSteSoZWffiss? 

§g^«titttaxrg 

elevators * , 

afcdSva®ssM 

vs? tjss- 

Power, v 74 Oct "fin S„ 0, •• J*:P , 9 ook * 

£gE&8&Sg& 

ENGINEERS 

ifiSSSSSHSSS 

IQQED WATER 

EouSte. F.S'g-S 1 ' iy«t“ is lta to 

Paper for mtg. Nov fS-Dec 'T^ rf ^ nce 

SsS® 

FURNACES o 

Furnaces 1 ^ ^?!!S in. Electric Arc 

chem. Soc 
print, no 


LIGHTING 



w-^uuiuta, i* 

sssiss^^sfia,? 

candle-power, furnish illumination nteht 

movements of airplanes at Detroit City^irpS? * 

Fnil. r Tuan.».l..l_- o t . . _ * 


sPK.isfflsffl’riffl 1 
Jag?- fiS SSSBJBffftr ifiSS:' 

L.ASW<^ds M °^ Street Lighting' Practise. 

gpssKCufs.SSS 

ffiS®aEs*araasfa 53 Ba 

circuit’. 1 e coppor to fuse and reestablish 

LOUD SPEAKERS 

-Dlaphraiims. Behaviour of Oanlral nio 
* n Acoustic Apparatus for Kenro- 
and r >n A°w « P ° e . ch a ? d Mu ®c, N.W McLachlan ** 
Y^ Lonrl -‘ Edinburgh and Dub- 
•o| P J, 7 %! >f o] l l :al #«?• «ndJl. Science, v 12 . Oct 
*j*> P < 71 - 815 . Ootilcal Diaphragms with frnn 

round ^eam«r f P rC0d ^ K S andwith rubber si«v „ 
mnrino n pjr U ^f M °f three preceding cases* 
modes of diaphragm corresponding to upper ft*el 
quency resonances; influence of 4 mass. ^tc. 

TTni?,?o ri rt*T .{ndoor Applibations of Air-Column 
n ??«’ 9 ; J - , 3 ro 'Yn. Projection Eng., v 3 , Oct * 31 
^ ype of honp t»o be used under irivon eon * 
ditions Is described and lllustmted. 

. _ A 



magnetism 


naces d F S Onfi^,i nd V. serla L aas and Electric Fur- 
nace®. jif-Gossow. Eng. Progress, v 12 n<>t 

p 917-2.,. Operating characteristics and classifl’ 
cation of industrial furnace* fiSmeo 
phore; gas ftumace, fuel gasra bur^a 
of large Industrial lhstallISs ’ exaraples 

9t^i e and^6aTt^frM ail H^H t Walt ) hQ^ C ^ d r E ^ eCtr ' i , < ; 

• &B%raScpS3f : electrlc furnace eosts^iover- 

GATES 

are||§ffi^«Pei5®^«iT 

specia j tests of restrained plates assamed; 

HYDROELECTRIC 

Revenue for^Irrigatio^Wmks 0 ^ /Brown 8 
Power, v 74 . Nov 10 '*n n nso c 'n“AB toto. 

ES*5 ^•v«I°pmeiit'with P te-?|»tio?a2SS b BSS| l! 

rew“s££. Dro)8Ct ‘ 

insulating Materials 



LAMPS 

*%£L*rss?iSFBtr 

Rsssa-flBsias*- 

lftznp _ adapted for operation in 
socket for 110 volts a^c. or d^. 


«n“»X.*^:^Y}' 0, i e i> J^ona., Edinburgh (m d DuS- 

’31 P n Ti 7 P tvi Ca U^ a ?{ and A L Science, v 12 , Oct. 
(inn P *J „ 5 S®’ Eolation or intrinsic mugnetiza- 

other properties of ferromagnetics is * 
^ r i 0 dy discussed, and evidence for reSinu 
feriomagnotlsm at ordinary temperatures as due 

SiSS»[,tKfe of 

Magnetism and Atmospheric Jflectricitu v 
31 , p 77-97 and Sept p l 7 i -86 
Motion of infinite piano-slab stream, cylindrical 
nnM ^ 1 and neu % a l ionized system of anv form in 

of^oiita^lMitnd «( Bld; ln t tcraal st «»dy motion 
"LHS! Ionized stream in pon-uniform man- 

.5^ * d ’*“ ° r 

MANHOLES 

&s.ss4 s MSS&r“ s “ d5i8e,rX ^ : * 

manometers 

ft 

MICROPHONES 


a PPi. of. synchronous 

> advanv 
ciency, and better power 
complexity of operation. 


*iX J V ul v uuvt), cun- 

■p'es or'increased effl- 
ractor weighed against 



laseous 
' lamp 
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MOTORS 

tator Mntn,l ato ^* A lter .oating-current Oommu- 
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r r *■’ 

Holmes for abnormal range 12 k tn 1 
speed range rf from 37a toTr i ™ ,5 JS.J- 1148 
stant torque of 1,200 ft -frb •P-m., wfLh con- 

- §rS>° ; 4-P° ?whs¥ 

Practical discussion of effect<3 r\f 

numbepof ^VersalspofflUrie’-virlSf KrP 


_ --* mBu-resisranco rotor. 

S»S?ssss 

lE& 3 m 

l#llslI§iS 

c^vSd con"t?ol ^ tatl0ns: inotor operation 

s s »#fe'@SS?“»> 

3 s^% 

SPSSSS! ?" rveQ as -SB&^SS SSffi 

NETWORKS 

40 N Noy? S 4rp^ 1S % b „ Ut ^ l Elec - Nemn- y 

^ss?^ssl^^si»5s®s 
. afwrv 0 ”™” 38SSF3 sws^rsg? 

Frequency—^, % System 

Nov ’31 n2(La Pwr., vfl, 

ssfas ®a*.sSfS® 

OSCILLOGRAPHS r" 

: jSnHRS^Sw^-'oae 

Oct '31 b S Sci Instruments, v 2 , 


S£^k 3 - « 2 fflR 5 .Msa,." — 

usually greeter Ihaa cao be obK™“ RAILROADS 

PUBLIC ADDRESS SYSTEMS ** aIR^CSSS?" t M I w °“R',TVpo Controller. . 

a^'SJsne’.ass-jst 

-asKsar ntoswctW ^ 

ass ^SFSH«? rWi T»f sraSS^ 5*5 Ws 

p °wer involved is d^ired, is shown schematically. 1- faster schedules ofparamount infoonanc^ 
^ktrlbuCion ancl Control Wiipment increases riding; reducing 6 Derail 

Electronics, v 3 Oct ’31 ^§, e F enses; s a^»gs in bus operationisfvings hi 
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• # Westinghouse and Italian Company 
to Exchange Patents.—Recording to P. A. 
Merrick, president otftfie Westinghouse 
Electric & Manufacturing Company, an 
agreement has *been concluded with 
Ercole Marelli & Company of Milan, a 
pleading Italian electrical manufacturing 
jBoncern, for an exchange'of patents and 
experience. The Westinghouse com¬ 
panies wiU‘not participate financially nor 
take any part in the management of the 
Italian company. <■ 

Square D Promotions.—O. Lewis Hull, 
sales manfigdr, switch and panel division 

r of tlie Square D Company, announces the r 
appointment of^C. W. Bates, formerly 
Chicago branch manage?, as assistant 
sales manager v G. S. ’Blomgren, of the 
Chicago office, succeeds Mr. Bates as 
Chicago branch manager. Mr. Bates’ 
headquarters will be at the Detroit fac¬ 
tory of the Square D Company. 

C The Corning Glass Works, Corning, 
N. Y., has appointed the Bra Bon Electric 
Company, Inc., with offices in the Lewis 
- Tower Building, Philadelphia, as agents 
for the sale of PYREX pdwer insulators. 
The territory covered will include parts 
of New Jersey, Pennsylvania, Maryland, 
District of Columbia and the states of 
Delaware and Virginia*- 

Herbert S. Glasby, who has been 
associated with the Acme Wire Company, 
of New Haven, Conn., has opened a sales 
" office at 123 South Broad Street, Phila¬ 
delphia. In addition to handling the line •* 
of magnet wire, coils, varnished insula¬ 
tions and condensers made by the Acme 
Wire Company, he will represent the Na¬ 
tional Harris Wire Company, of Newark, 

N. J., manufacturers of high resistance 
ahoy wires and ribbons; the MaoAllen 
Company, of Boston, producers of mica 
sheet, tapes and molded rarticles, afid the 
Waterbury Button Company, Waterbury, 
Conn., makers of bakelite, durez and 
other high dielectric molded products. 

r __ A New Time Switch.—The Sangamo 
Electne Company, Springfield, Ill., has 
announced for January deliveries a very 
moderately priced, electrically wound 
time switch. The main spring, kept 
wound by a constant speed a-c. motor, 
has ten hour reserve power to carry 
through any ordinary current interrup- 
laon. A jeweled balance with non-mag- 
netic, non-rusting, temperature compen¬ 
sating, special alloy hairspring, guar¬ 
antees dependable timing. One of the 
unique features of this new switch is the 
type of mechanical contact which is being 
introduced in this country, after being 
used successfully abroad for many years. 

'i ^ new contact has a slow opening and 
asniall gap. It is revolutionary, but has 


been thoroughly tested and is guaranteed 
by the makers. The standard switch has 
levers for three complete daily operations, 
allowing for„eith§r one, two, or three, on 
and off periods each .day. Manual opera¬ 
tion does not affect the sdquencta of sub¬ 
sequent-operations.^ A Sunday and holi¬ 
day cutout is also .supplied. The entire 
timing and winding mechanism is en¬ 
closed ip a dust-proof case. This unit, 
complete with contact mechanism and 
molded bakelite connection block, is* 
mounted in a pressed steel case. 

An Improved Lamp Cord.—The Sim¬ 
plex Wire & Cable Company, Boston, has 
introduced “Latox” rubber s&eathed twin 
lamp cord, a new type of flexible, rubber 
insulated cord suitable for portable lamps, 
fans, clocks, toys and similar apparatus. 
It is a small, durable cord with a thin 
covering' or sheath of toughy new type, 
rubber compound in place of the usual 
silk, rayon or cottsoh braids. *The rubber 
sheath is furnished in black, green, or 
brown-mahogany and retains a satin- 
smooth, highly poVshed finish indefi¬ 
nitely. The advantages claimed for the 
new cord are^ that it will never fray, it 
does not gather dust or lint, is sanitary, 
will not ab&rb moisture, and wiping with 
a damp cloth restores its freshness when 
soiled. 
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Instrument Transformers.— Catalog 
GEA-601C, 42 pp. Describes General 
Electric standard lines of switchboard, 
portable and laboratory instruments. 
Dimensions and typical scales of certain 
lines are included. General Electric 
Company, Schenectady, N. Y. 

Illuminating Equipment. —Bulletin 
Serial No. 754, 28 pp., “Planned Light! 
mg, described as a comprehensive 
manual for planning almost every, form of 
Rumination. Illustrated and includes 
detailed sketches and data on wattage 
capacities. Curtis Lighting, Inc., 1123 
W. Jackson Blvd., Chicago. 

Motors.—Bulletin 167, “Small Mo¬ 
tors, 30 pp. The bulletin, in loose-leaf 
form, is divided into eight parts describing 
single-phase, polyphase and direct-cur- 
rent motors in fractional horsepower 
ratings. At present only five of the eight 
parts are available, btft the missing 
three parts will be mailed at a later date 
to ail who request a copy of No. 167 at 


, this time. Wagner Electric Corporation, 
6400 Plymou th Avenue, St. Louis. 

^lUiminpmeter.—Bulletin 4 pp. De¬ 
scribes a pew instrument which reads ' 
illumination intensities with the same ease 
? and facility as reading ammeters and 
voltmeters. Known as the Model 603V 
'hluminometcr, it consists of an indicating 
instrument and a light target assembled 
in. a portable ease. The light target is on 
the end of a flexible cord so that it may be 
placed in any position. This light target, 
or searching unit has two photronic cell 
units which convert light energy directly 
into electrical energy without the use of 
batteries or other auxiliary voltage. They 
maintain constant output over long per¬ 
iods of time and there is no dark cur¬ 
rent. The output from the photronic 
(pell units is considerable, allowing the use 
of a rugged portable instrument calibrated 
directly in foot-candles. There are three 
ranges on the instrument, namely, 10, 50 
and 250 foot-candles. A range changing 
switch is provided for the selection r of the 
desired scale. Other combinations of 
ranges are feeing, added to the line jmd 
will be availabfe shortly. The light target, 
may be placed at a distance from the 
observer so that shadows and lights re¬ 
flecting from light clothing wifi not cause 
errors in readings. Light may be read 
from all angles and the light target mSy 
be placed in relatively inaccessible places, 
in show cases, windows, etc. The ab¬ 
sorption of light by painted walls, screens 
draperies, etc., can be^measured directly 
by turning the light target so that i traces 
the surface. The time required to make a 
lighting survey is about one-tenth of that 
previously required. Weston Electrical 
Instrument Corp., 584 Frelinghuysen 
Ave., Newark, N. J. 

Bus Connectors.—Catalog 31, 96 pp. 
Describes'‘‘Memeo bus connectors and 
ground fittings. In addition to con¬ 
ventional designs of clamped and soldered 
bus conneetors, two original"and unique 
^designs in clamped connectors are pre¬ 
sented. One is the “Pliaband” design, 
which is a bolted connector, so designed 
as to adapt itself to the minor irregulari¬ 
ties and variations in the circumference 
of the bus. It is primarily a high capacity 
fitting for important connections. The 
“Wedge-Grip” connectors are, as the 
name implies, based oh the’use of high- 
pressure contact as secured from the 
wedge principle. Each connector of this 
type accommodates from eight f to twelve 
sizes of wire and cable. In addition, a 
complete line of fittings are listed for 
modern “flat type” substations. The 
engineering section of the catalog con- , 
tains a number of original tables and 

charts which will be found very helpful as 

short cuts in subst&tion design work. 

It also includes the principal NEMA 
standards, as relating to outdoor substa¬ 
tion practise.^ Memeo Engineering & 
Manufacturing Co., Inc., 37 Ninth 
Street, Long Island City, N. Y 
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JREAT Lakes District (No. 5) of the 
A.I.E.E. meets in March; a tentative 
technical 'program has been arranged. 

p. 188 . 

DEFINITION of power system terms, 
to avoid confusion in stability and inter¬ 
connection studies, should be reduced to a 
uniform basis. Proposals of the Insti¬ 
tute’s special committee on this subject 
have been submitted, p. 106-107 


- - INTER convention papers not ab¬ 
stracted or otherwise treated in the Janu¬ 
ary lesueof Electrical Engineering are 
abstracted briefly in this issue, p. ISO- 

ISS ...... 

INSTITUTE members were active in the 
recent wmual meeting of the America 
Engineering Comma* in Washington, 
JJA., when three past-presidents were 
elected to important offices, p. /S7 


M " • r • 

4-NY factors affeetthe precipita- 
e tion efficiency of Qottrell smoke ’ f 
treaters, p. 98-95 

T '. * r . 

1 HE engineer is said to be the map 
most needed by the world today, 
p. 107 

n 

r r 

Correspondence is invited 

upon,any of the articles appearing in 
Electrical Engineering, p. 188 

r ^ELDING is represented in this 
issue by the description of a com¬ 
pletely self-contained d-c. arc weld¬ 
ing generator. «. 108-111 e 

Photoelectric recorder 

achieves high sensitivity by not re¬ 
quiring its r indicating element tfo 
perform recordiflg duties, p. 114-116 

• r 

r * ■ 

L * 

ONG distance telephony has intro¬ 
duced time problems in voice trans¬ 
mission which are extremely difficult 
to solve, p. 89-98 

«> 

I ANY prizes are awarded annually 
by the Institute for the best papers 
presented at conventions and district 
meetings during the year. p. 1£4 

r 

BIBLIOGRAPHY on traSismis- 
sion line conductor vibration has been 
prepared under auspices of the 
A.I.E.E. power transmission and 
distribution committee. „ p. 185 

r r 

Should the field switch of a 
-loaded alternator be opened acci¬ 
dentally, tests show that service 
should be restored by simply reclos¬ 
ing it as soon as possible, p. 119-180 
* 

HlNGED wooden arms on a steel- 
tower transmission line with eleven 
insulator units in each string provide 
line insulation equivalent to from 17 
to 23 units on steel arms. -p. 181-188 ; 


r V 

TRANK J. Sprague was elected 
recently to Hdhorary Member shi p m 
the A.I.E.E. as “the outstanding piq- 
neer in the development of electric * 
traction.” p. 189 

Instability of Conowingo.hydro 

plant^was remedied by the installs ? 
tion of lugh speed relays and circuit 
breakers, and by changes in the 
operatmg set-upi p<95-]fi8 
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in Insulated Power Cable; 


* ^ 


1 

Essential characteristics and latest 'develop¬ 
ments in power cables* are reviewed briefly 
in this article. Consideration is given to 
the three principal insulation materials, 
to different types of cabfe, and to im¬ 
pregnating compounds. In ^addition to 
summarizing presenf power cable practise 
in this country, future trends are indicated.' 




I 


"Jr! i^uMorTrabbeT 

■a*- 

and phyacal characteristics as influenced by 
economics. The comparative merits of the three tvne<? 
of insulation will be considered first, and then each will 
,s J? CUS ® e d separa tely- The general characteristics of 
mauner* “* presented ia ™ e I to an illustrative 

The standard specifications which previously have 
b^n generally accepted for rubber compound Won 
insulated ware prevent manufacturers from using cer- 
tam well-known and desirable* ingredtents ThCe 

t&tomZth pa4 haTO demanded a chemical 
Centavo P ^C M? at th «^ 0m ? 0und contains a stated per- 
^ laibber. hfeteriais which have been largely 
re^onsible for the advance of the rubber industry in 

%L*r T* f ° r 4116 831,1118 of 013110118 of doflars 

yearly-have been prohibited for use in cables, merely 
oeeause certain very advantageous ingredients interfere 
With the chemical tests for percentage of rubber. In 
recent years it has been realized more and more dearly 
conW^f 4 advances could be made if rubber insulation 

but w a ,ud8ed ? 0t ^ chemical analysis of ingredients 
but by tests which show its performance and give an 
indication of its length of life. “ give an 

While probably*™ tests will prove definitely that a 
wtain compound will have a life of ten years or thirty 
years, teste have been developed which so closely 


simulate service conditions that they are entirety ade- 
Zty f P T e that 0ne i^atton will have a muet. 

' all ? 6 t ^ an E anoth - er * These tests, are: firet fte 

*?* sa f pl8s are suspended in an* oven 
, 8 deg ‘ fa ^ r< and hot fresh air is allowed to*circulate*‘ 

super?or°to d ’the e r OXyg f D * b,m j •*® t ’ us ' ual - ly “ndderfd 
j , . „ ^be Geer 5 test, and based on the feet that 

**»>?. compound usually is^ueto 
oxidation. The samples are placed in % bomb filled 

T , oxygen under 300-lb. pressure at 158 deg. fahr 
In both the Geer and bomb taste, samples Mistaken out 
and are tested for tensile strength and donation *the 
resulting values being plotted against time A thW 
^nd valuable form of test is the ozone test, in which 
Dber ' msul fated conductors in various forms are placed 
near a grounded metal plate and a sufficients hivh * 
^voltage applied to cause the breakdown of the air 

S„ 4o of^ bber ’*• && 3 • 





Moisture resistance.., * # 4 
Max. allowable temperature 

Can be bent to.; 

Affected by corona or 
ionization.. . 

Life........ 

Power factor 60 deg. cent.... 
Installation and jointing ... 
Can beusednon-Ieaded. 

Dieloctric strength in 

volts/mil for ihr. 

Standard test voltages in, 

volts/mil..,,...... 

Specific inductive capacity.. 




6 diam. 

.. Yes . 

Pair . 

• ♦ 6 % . 

. .Very easy.. 
... Yes .. 


Resists 


12 diam. 
Resists 


. Long .... Long 

* _ 6 % • • • • 1 % 

. itasy ... . Requires care 
• Yes .... No 

(indoors/* : » 

■ 250 400 
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sho^felT? ° b ^, h * *• «*■» btrnib tot are 
•u ** Will be seen that the standard 

specification of the A.R.A gives a compoLd wHch 
deteriorates rapidly, while a performance compound 
containing 80 per cent rubber judged by the perform 

Zy ^eh^dcal tests is affect 

JJV little, and a special heat-resisting stock is hardlv 
changed at aU. TheN.E.L.A. and the A.S T.M ktelv 
have adopted tentative standards for judging rubber 
compounds by pofonnance teste rather than bvpmX 
chemical teste. These undoubtedly will make E 
progress more rapid and will result inT weeo^! 
P-Ying to $hb electrical; indiisriy. 
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Fig. 1. Aging characteristics of rubber com¬ 
pounds as shown by the oxygen bomb test per¬ 
formed at 158 deg. fahr. and 300-lb. pressure * * 

CO r nt L <a ' n i n 9 30 P er cent rubber as.shown by 
the chemical tests of the American Railway Association Y 

2 f' ^ compound containing 30 per cent rubber, but in which i 

tSSSSSSS f rubb ^ nnot b * checked by chemicaTtests 

me a . s ^ exc «Pt that it has been specially 
compounded to fleet high temperature conditions , Y 

• 

' Varnished cambric has a higher dielectric loss than, 
- now obtainable with paper, and due to the method of 
manufacture, contains sogie air and moisture. The 
* prese at trend is toward a reduction in the dielectric loss 
as well as a different application of the tapes so that 
wrinkles and voids will be largely eliminated. Many 
years ago it was found necessary in the manufacture of 
paper cable to apply the paper tapes so that they butted 
instead of overlapped. Only recently this has been 
used. on varnished cambric. These two types of tape 
application are shown in Fig. 2. except for the cases of 
r'“, of conductor and-thin walls, the freedom 
om wrinkles in the .butted construction increases the 

.e r « a °y improves the ionization 
■ an ?. IS undoubtedly an important step 

rabies <toectlcm of miprovement of varnished cambric 

Varnished cambric when leaded is more costly than 

FoH^v,n are y u\ Ui5ed fOT underground transmission. 
For station work, however, it is sufficiently resistant 

to moisture to operate without a lead sheath Ind tod! 

hasfron ^_iiiius varnished cambric braided cable often 

ffSite tT 1 ^ aWe adVanta ® 6 in eost 0V6r other forms. 

S&n rabfr 8 reC ° mm6nded to* * insulation for 

_ Impregnated-paper insulated cable is used universal^ 
f|^un d ^oun d transmissicn of large blocks of power 
-and for high voltage work. It is hot only the least 
acp^siye type of cable available for this purpose/ but 

V : ' ••‘■'•'V■ 


Fig. 2. Butted construction n (below) of applying 
varnished cambric tape has characteristics superior 
to overlapped construction (above) p 

r 

<• 

Table II Insulation Recommended for Station Cables 


*r ' 

Nominal system voltage 

--r 

C,-= 

Preferred Insulation for 
r non-leaded cables 

Prom 

-*L_ 

To 

Second 

0 ... 
601... 
4,001... 
13,201... 

. 600 .. 

. 4,000 ., 
.13,200 .. 

. 17,000*.. 

Rubber. 

Rubber.. Varnished cambric 

Varnished cambric. Rubber 

Varnished cambric. Paper (lead-covered) 

“ —---- <V 


cables sS be^T 17 ’° 00 ^ pa P er - in ^<* lead-covered 

1 Jt has b y far the highest dielectric strength, lpngest 
hfe, and greatest reliability. For voltages of 33 kv. 

lV?, at P I esent thp onl y type which can be 
used successfully and economically. 

jws ago, multi-conductor cables were 
mostly of the belted type, a cross-section of which is 
shown on the left in Fig. 3.; * These cables proved fairly 
satisfactory for voltages Up to 26 kv.; however, when 
it was attempted to use this construction at 33 kv., the 
belted cable was found entirely inadequate"unless very 

th^ Wa IS ,° f il53UIati0n we r e used. It was provS 
that the weakness was not the insulation proper but the 

than fht CeS ’ a ^ 6r mater * a * i s inherently weaker 
th ?.^ nduc j tor i msulation, and furthermore, the 
stresses m the outer layers of conductor insulation have 
a component of force parallel to the layers, by far the 

motimf nf^-Kh d0n 'ki A “ 0tller weaknes ® was that during 
• “ ° f th ® cables > separation took place between 

Allth!!»»ff n< ! UCt0r u T ating V0ids in the fiUer spaces. 
All these effects resulted m charring and buniing of the 

outer-layers of oonductor msulation, • 
often resulting in failure of the cable. 

The solution to all these difficulties is the type B 
from its inventor, M’artin Hochstadter. 
The three^nductor type H cable is shown in the middle 

raniwl ? deslgn mth a m etal foil enclosing the 

prew - nte all the troubles of the 
l v t S^ b e becanse the filler spaces are completely 
shielded from electrical stress. Furthennore, the tyi* 

#■. r. * 
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H cable has a c6nsiderable.advantage in'cumin t-carrv. 

equivaknt t to‘t^ee he - 6 ? t ' Pl ^ a ’ b ®“ 8 e,eclri cally 
iZnwI V ^ single-conductor .cables' under a 
ead sheath, it can be operated at the higher tenors- ’ 

wes permissible for hmgle'-condu(*toi» cables. Secondly" 

S G1 *f h v ab ,° Ut three * housand times the'thermal 
nductmty of paper. Copper foil therefore" is* verv 
effective m conducting heat out to 'the lead resulting 

The m^due 1 m ? er ?.T ' rise 0f th6 c °PPer a We lead 
.* j gal , n due to hl «l»er permissible temperature is 
. Sth Pend f“ t ° f ‘“tallation* conditions and increases 
With working voltage. The increased current-carrying 

gSlX, U 4 de r UDd and is ab own' 

The remarkable performance of type H cable has led 

a nfh£r tlCa V yCOmplete ^option for vohaSkv 

and higher m this countiy’and abroad; in fact it is to 
very general use down to and including generator volt- 

mZ Stef 6 0r f er ° f 11 kv ' Due to the elimination of 
fflle stresses, it is now-possible to make multi-conductor 

eterim™!*!" r where <Westions of diam- 

eter impose a limitation. , * 

Type ff construction is' used also on single-conductor 
high-voltage cables, metallized paper being aPDlied to 
the surface of the insulation as’hCZtfSS £ 


LEAD 

SHEATH 


FILLER 



METALLIC 

BINDER 


METALLIC 

LAYER 


•» 

METALLIC LAYER 



f the WetalHzed’paper* is to" 
l r ° m aU electncal stress, any voids which may 
between msulatipn and lead, such voids being 

is stretcw n b th +i, eable k b ? nt or when the Iead sheath 
load cycles ^ ^ 6 expanslon . the compound lender 

A-C. «* Resistance of Three-Conductor Cable 
* ^ 

co^ctor *l reCetlt T 01 larger and Birger sizes of 
conductor m three-conductor cables up to 750,000 cir. - 

' ™me ^ OT 6V “ 1 > 000 - 000 . ci ''- mils, it has be- ' 

effective a Sm * y im P° rtant to knhw- accurately the 
T W if. u reslstanee and reactance of such cables. ' 
Th^e cables have additional losses due tq skin'effect 

? ™. ty losses ih the metallic binder-tape, and 
“ iff™ 6 ? ! f th - ' Tha Problem of these extra losses 
,,‘^P° rtant / rom ‘be loss standpoint and from the 
standpoint of paralleling cables;- it is .b^ing studied 
cooperatively by the Insulated' Power .Cable-Engineers 

La“rii S ° me UtmtieS ’ and the EIectrical Tesrfn « 

whlT^" CaIcuIations made of losses, and 
which are quite close to actual measured values are 

1 „° Wa ff m f Pl2 ' 5 ‘. 11 wi]I be note <i that the increase of * 
g-c. effective resistance is considerable for the larger 

tathe m 1 ^ W3S , thought that the extralosses were* * 

binder tepe used > type H cable. 
While fi^al results have not yet been obtained and while 

* 


BELT , 

' INSULATION 


CONDUCTOR 

INSULATION 


" . •* 

F,9 ‘ 3 ' ^"“-sections of' belted cable (left), 
multi-conductor type H cable (middle) and single¬ 
conductor type H cable (right) 
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UNDER GROUND CABLES IN DUCTS 
three cables per DUCT bank 3-C0N- 
^nI? R ^^°' aRaJLA HW |l -> SECTOR 


^-CONDUCTOR, SOiioo^tRCULAR 

^cable.addeg.cent. ^ 
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WORKING VOLTAGE OF CABLE IN KILOVOLTS 
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Fiff. 4. Increase In carrying capacity of type H 

over belted cables 

^ . * 
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0.2 0,4 06 oft 

CONDUCTOR SIZE-MILLION CIRCULAR MILS * 9 

F * s !_ 5 * * dded a " c * ,oss in three-conductor cables 
at «) cyclos and 2° deg. cent. Sector cable with 
¥/o4-m. lead and nonmagnetic binder tape - 

• ^Added a-c. loss'-* skin-and • 
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Fig.. 6. Photomicrographs o£ fibers frc*n ordinary 
wood pulp'paper (left) and super-ca tendered 
* r wood pulp paper (right) 
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-MAXIMUM STRESS REDUCED ON 
LESS DENSE PAPERS. 
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MILS FROM CONDUCTOR 35 ° 

F, g. 7. Effect of grading on stress distribution with 
4/0 round conductor and 406-mil paper 
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there are differences from cable to cable, apparently at 
bill load current there is veiy little difference in loss 
between a belted cable, a type H cable with a steel 
binding tape, or a type H cable with a non-magnetic 

Win tteSel ** a ? pears 41131 while there is a 

sheath fr bmd ? tape * Its Presence shields the lead 
sheath from some induction and thus reduces the losses 

ZZZZZZT 6qml t0 the loss m-tSTtSSS 

type ofconstruction! 55 *?;*** ind ^ent of the 
Possibly the most important result of the studv h ae 
o^a ^ there is a con^erablefncrease 

tance of cables is so low that the increase is noltf ££ 


lii 'icseii, out it is very important when 
studying the question* of „ parallel operation of cables, 
. lh€ mcr^ased Reactance ranges from an* increase of 25 
per q^nt in a three-conductor 350,000 cir. mil -cable 

? bout 16 Per ceflt fdr a three-conductpr 
1 , 000,006 cir. mil cable. * 

# n 

'• Materials 

# • •» * 

For many years most cable Specifications required the 
use of madia rope paper, 4. e., paper made from fibers 
* obtained from used manila rope. In recent years, 
however, wood pulp paper made by the sulphate process 
has been almost universally used in paper cable. It is 
usually made from Swedish pulp. This resulted in a 
great economy, a^d is responsible partially for the great 
increase m dielectric strength that has been evident in 
paper cables. 

As the name implies super-calendered paper is paper 
which has been subjected to an additional calendering 
process which results in very dense^paper having about 
15 per cent higher dielectric strength and 30 per cent 
higher mechanical strength. Photomicrographs of ordi¬ 
nary and super-calendered fibers are shown in Fig. 6. 
ihe central channels apparent in the fibers of ordinary 
p aper are not present in the super-calendered fibers, 
which are nbbon-like. The result is that for sifper- 
calendered paper there is no necessity for the difficult 
operation of eliminating the air and moisture in the 
c annels of the fibers. Furthermore as can be seen 
rom the pictures, the fibers are very much more^losely 
packed together, with more fibers per unit volume,, 
resulting m a greatly increased barrier action against 

p J esent ^ ' thus Producing higher dielectric 
strength. Super-calendered paper also has a higher 

v-T? ^ pacity ' and with its higher dielectric 
strength, it is the ideal material to place’pext to the 

Whe ? 1 u 6 Stre§S is M Shest; it thus becomes 
strp^ b i! o t0 S! ade tbe msula tion so that tfce maximum 

stress near the conductor is materially reduced. The 

ft® 6 ' 4 °t Using insulation, by which is 

° f Papers having different specific induc¬ 
tive capacities, isshown in Fig. 8. It will be seen that 
mth super-calendered paper and high density paper 

tTnrth PCT C6nt OTe r-aU diXtric 

srongth. The left-hand figure is of interest, showing. 

that with reverse grading, i. e., with super-calendered 
Pa ? 5„ 011 th e oatade, the dielectric strength was reduced 
actually, as it is theoretically. . 

strength of impregnated paper with 
ayers se Parated by thin films of oil or 
compound is very much higher thdn' ihe strength of 

sten^L° r COmpppnd alone; ihrfact, the el Jtrical 

tSf LL ^r^nated paper is very much higher than' 

Ifrthi 3^ her “a^a^avmlabie as cable insulation. 

of great miZ lT J compounds composed of 

or gr eat ^mixtures of rosm and rosin oU ordinarily were used. 


Fig. 8. Effect of 
grading on dielec¬ 
tric strength 







W* aXtLXjT? 1 *’ had '' 1>i * h dielectric 

wsses, and the next step was the u«?of mineral materials 

such as petrolatum, mixed with rSsin.- The’insistent 

. demand for still lower losses soon led to compo“ ’ 

. the nature of petrolatum thinned with transfoXrofl 

Suhh compounds have low losses but some of C 

not sufficiently stable chemically under the severe 

. requirements of service. Miner/ oils of the cyhnder 

ype which can be mi$ed with rosin or rosuroil and 

which have losses even lower than those obtained with 

* th ® J, 00 cent mineral compounds now are available 

There always has been more or less diverSty of. 

opinion as to relative merit of straight mineral oil or a 

mixture of mineral with rosin or rosin oik The labora- 

tones of the company with which the writer is associated’ 

. have provbd that high-grade rosin or rbsin oh “ an 

“ dant ^ed to mineral oil in thepreper 
proportion, mixed, and aged at the proper temperate/ 
R^in increases the stability of the resultant XpoZ' 

tothel/lW « ff tric stresses and «• resistance 
n /LTr, Wjx . fo “n" is greatly increased. 

It is of course necessary-to select the proper grade of 

mineral as well as rosin oil so that the latter wilf/Lin 
m solution in the former. The photomicr^X 
Fig. 9 show the appearance of proper and improper 
mixtures,- the large undissolved crystals of rosin in the 
photomicrograph on the right are to be noted. 

a Jill 5If 0f + differ T C6S in im P re ^ na ting compounds 
in iv Tn ’ ^^teristics of cable are shown 

rosin nfl 0 * * C T V ! X 1S f ° r a com P ound containing no 
sm of rosm oil; it was used several years ago but with 

great success. Curve T is made on cable ins/ated m ! th 

sloneXtb™ 11161 ^ 1 " 011 rosli "° l1 com POund. Note the 
slope of the curves as well as the fact that after two 

hr/ r L aPP ‘ C ! tl0n / Voltage they haye about the same 
breakdown strength, whereas for long-time tests, there 

IS a great gam for the one Compound. Other things 
obvious 9 ^ » the superiority of compound Y is quite 

• ' Oil Filled Cable’ 

The greatest and mTist spectacular development of 

SK* mai J y years has been the advent of the oil 
ed cable. An ordinary cable is impregnated with 
whatimghtbe called an oil, but it is a fairly viscous oil 
which is not fluid at all operating temperatures, nor is 
the cable• constructed to permit oil flow. Conse- 
quently, dpe to the large coefficient of expansion of the 
• i when the cable is heated, the compound will expand 
mdiaI * y stretch "the lead. When the compound 
contracts, the lead will not contract and partial vacuums 
or voids are create^ in the insulation. This phenom¬ 
enon is the mam enemy of cable insulation. 

In an oil filled c£ble, a thinner oil is used which is 
limd at alb operating temperatures; channels are pro- 
vided for oil flow. When the cable is heated by load 
a nd the oil expands, the dil can flow lengthwise of the 
cable through the channel or channels of the cable into 




Fig. 9. Photomicrographs of different mixtures of 
” impregnating compound \ , 



r 

Fig. 40. Effect of different impregnating com- 
pounds on cable voltage-time'characteristics 
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Fl .f filVj Cr ^ M /? C Jl° n of single-conductor 132-kv. 
oil filled cable (left) and of three, conductor 334cv. 
type H oil-filled cable (right) 


February 1932 


Jom ^ and ° ut mt0 reservoirs. When the cable 
coo s and the oil contracts, it is forced back into the 
cable by pressure on the reservoirs, and no voids are 
created. Cross-sections are shown in Fig. 11 0 f a 
single-conductor 132-kv. oil filled cable and a three- 
“I filled cable. The subject ofmodX 
oil filled cable practise was covered in three papens 
recently presented before the Institute. Articles bied 
upon these were published in Electrical Engineering 
for November J931, .a follows: “EcononucsTS 

onSZ/S « y ?’ w ,; ® oper « p - 874 * 8; “^yout of 

Oil Filled Cable Systems” by G. B. Shanklin and F. H 

h/lfw 8 I^ 0, and “ Accessories f °r Oil Filled Cable” 
tv.' At ?* lson and D.M. Simmons, p. 880-2. 

I he practical operating results obtained with oil 

- : V\ 87 



design a joint ‘With reasonable dimensions which will 
b ® “**• at the present condenser joints ar6 

* a ; 132 kV' Th <* terminals Vill present n6 problem, and 
of corsrse the external equipment such as reservoirs will 
be essentially the jsamo as that in use at present. s 

. breakdown fest made o a a sample of 220-kv. cable 

is sho*wn m Fig. 12 ; This cable was tested starting with 
^dO-kv., 60 cycles-between conductor and lead, the 

kv. at # one-minute intervals, up 
to 500 kv., and was held there for 10 minutes. The 
voltage then was increased by the same steps up to 675 
‘ kv., when an arc occurred to the building. A later test" 
was carried to 725 kv*., without failure of the cable or 
terminate. The senes of condenser type terminals is 
ol interest, each of three sections having been especially 
assembled to me& the extreme test conditions imposed 

by * h ?. e , hlgh values of volta £ e - It is believed that this " 
is the highest voltage ever applied to a cable. 


Fig. 12. Breakdown test on 220-kv. cable 

ri * 

m 

Med cable as compared with the solid type have proved 
beyond doubt that the insulation thickness of cables for 
■ certain voltages can be reduced one-half while still 
maintaining a very high factor of safety, and with com- 
plete .freedom from insulation failures; in fact thp 

011 fiUed ^bles have-slightly less insu- 
lation than have been used in this country for 66-kv 
cable of the ordinary type. Furthermore, for the past 
year thq Commonwealth Edison Co, of Chicago has 
had expenrqdhtal lengths in operation at 132 kv. which 

thT 6SS tha ? ^/? 2 in * insulation thickness, or 

the same* thickness as standard for 35-kv. cables of the 

ordinary type. These lengths have had load cycles 

^ ngthecab l e ”P to 70, deg. cent., and havepbr- 
foimed even better than expected; in fact, the power 

mpa° r lomzation w bich have been periodically 
measured have improved in service, 

r ^bile at the present time there is no 220-kv. cable in 

ls no question about the possibility of 
manufacturing and operating such cable when needed. 
The knowledge and experience gained on oil filled cable 
m service, on field tests and in the laboratory tave 
demonstrated that without doubt, 220-kv. cablecan be 
made to operate with as high a factor of safety avs 132- 

******** tensions that are en- 
tirely practical. In so far as joints are concerned 

development of the.condenser type joint with comrilAM 

conttolvof the distribution of stress makes it possible to 


Carrying Capacity as Affected by Dielectric Loss 

The curves in Fig. 13 are of interest and are* self- 

be seen that Power factors which 
are obtained at the present time do not cause any serious 

ss m carrying capacity of cables in existing ranges of 
voltage. An examination of the curve for 330 lev., 
owever, indicates that there will be some very difficult 
problems to solve in order to avoid undue reaction of 


3 4 5 « i 

POWER FACTOR OF INSULATION - PER CENT 


F L 3 J 3 :, <«*■• “P»c»y Ol Oil filled cable as 
affected by dielectric loss. Capacity expressed in 

percentage of maximum possible 

Future Trends 

ekmriri K° ad ° f 3 P F phet is one of great difficulty and 
should be approached with caution? There are how- 

tendencies and trends^arent 
ip the cable industry whietthas already entered a rather 
revolutionary stage. An illustration of the remarkable 
improvements that have been made by the <S « 

f *> 9 
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fr=Tl ha - n,i *J ha ? d ^ **» utility is the faeLthat 

1927 the ^° d ° f aW * *« abound 
the maximum _ „ . . 10 


1 Q 07 <tuout “from about 1921 to 

1927, the maximum operating voltages of undarml, a 

cables increased successively from 27 kv to 33 Hr *’ 

Mkv., to 66 kv., ailS up to 132 kv V t °, 83 ’ kv '' to 

iSf “ ade the last ste P P os sibie ahd what makes still 
farther progress possible is the advent of thHflmw 

ldea - * should be emphasized that the o £ 

the fundamental cause of earlydifficS^tt ^ n 
taown that cable troubles faTSft, S 
when they occurred, usually wire rhm+„L!™ ' n ’ 

^ed by ionization and voids ill thejnsulatiS^The ' 
writer does not believe, however that ^ . 

"bv P thT iati0n ° f f 6 f3Ct 4 * these'void^were 

the cablj compOTu^'^th'kiad 1 ^^^' 11 Th” oiHiH 

£w^ow S thatT lete *",* 3,1 theS6 

tho^C^,^ 0 ^^ rmlrn 

Zfd ^p“n a 0 ' H her ? f‘ 0m a 
contract as the compound ^tacts’' 


’ ^ rm ^tion might b$ minimized There is a midrttndl 

SS^SSlZm' 3Ub jf ’ based ° n the f-da“ 

been to the l 3 ! lU °® cal to make cables as they have ■ 

£r~£ “ ft 25 

SbTan oflfiZ5° n Ki^ d contraction phenomena 4 

fection that r, n^i’ 03 ^ 6 ^ a degree of initial per- 
• Other form** ^! l b,y “““t be stained ‘with an, 
tibned abTve^ SOme of the fecial forms men- 

Along with impbrtant developments in rubber and 
devdopmen C t a 4f[t Und ° ubtedl y the ^“‘est * 
a ‘P^cnt voltages,due to S3“‘ 

* 


Time Factor in 
Telephone Transmission 


Although the time‘-factor in telephone 
transmission has been discussed in several * 
technical papers, there se<tois to have been of ThTdifferent < ^ ferenc ^ in tbe s P®cd of transmission 

none giving a general over-all picture of the efferts whth f- ^"T a which fol ™ it; (3) echo 

sir-—-; 

D from the different times of transmission of the 

over which l ' APID EXTENSION of the distances Sl° V P3 ‘5f between the transmitter and 

over which commercial telephony is given and tho a - * ^? ls k®t matter, however, is outside tho 

introduction of long telephone cables hfveTniSdn^ * 3< % U f ou of ‘ he Present paper which is confine to the 
toe proWems in telephone tmnsmLon wh“ 0 f totefw ^ n0t ? ore than path is tevoived 
®®?t difficulty and technical interest Jj® transmission m either direction. 

•J h3m r “P 0 ^ of these problems are the follow- in *? which we ^Interested 

P—— receptaoa b - the listener; (2) ***** t a ^ ngl ° e ^ e °™ 

-Sags j tSSSf. 53 i-g 
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Table f—Speed of Transmission * 

1 

1 0 

• Type of circuit 

*- 

Approx, speed 

• 

miles /second 

Cable circuits loaded with 88-mh. coils at 3,000-ft. spacing. 
Ca^le cirdbits loaded with 44-mh, coils at 6,000-ft. spacing 
Cable pairs of non-loaded 16 B &S saga 

Non-loaded open wire pairs? 1 * 1 • . 

*10,000 
* 20,000 
130,000 

Radio. f.... • * 

186,000 

• 

-- 9 


Since the spaed of signal transmission is .generally 
different for different frequencies, we must consider at.* 
a time„only a single narrow frequency range. We may 
suppose for convbffiefice that electrical filters'are applied 
to the circuit so that only frequencies within this narrow 
range can be .effectively applied to it. If a voltage 
having a frequency, say, at the nJidfeoint of this narrow 
r is applied to the circuit for a^hort interval and 
then removed v the speed at which the disturbance thus 
set up travels dqwn the-circuit is the speed in which this 
articje is concerned. A sftirt of energy of this type is 
evidently similar to that Which takes place in a carrier 

telegraph system when a dot impulse is applied to the 
circuit. , 

r 0n this basis the approximate speeds of a number 3f* 
r standard constructions which represent good engineer¬ 
ing practise today are given in Table I. These figures . 
are for bare "circuits. In actual circuits the speeds are 
reduced 10 to 25 per cent by the apparatus necessarily 
inserted at the terminals and at intermediate ^points 
along the circuit. - 


direction, while {he other is cennected fpr t ransmissi on 
in the opposite direction. At the sending end of each .v 
pipe the loudspeaker Converts the electrical energy into 
sound energy, and at the receiving end of the pipe the 
loudspeaker reconverts* the sound" energy back into, 
electrical energy. Amplifiers and other control devices 
are used to give the desired transmission efficiency and 
. con£ j e i*ve the wave form. As great a time interval 
is required for 75 ft. of such transmission through air 
as for radio transmission half way around the world. 

c 



Fig. 1. Experimental acoustic delay circuit 


Considering the first of the time problems listed 
•above—-that is, the slowing down of telephone conversa¬ 
tion it may be noted this does not interfere with one¬ 
way transmission. It does, however, slow down two-way 
conversation by the time required for the transmission 
of a question to the distant end and the time required 
for the return of the answer. Non-loaded open-wire 

and radio are all sufficiently fast so 
mat this effect does not interfere with their use for 
tejephonmg between any two places in the world. In 
tact this problem is not a preying one for the largest 
distances within the United States even with loaded 
construction of the types now standard for long circuits 

, c ? nsider in the future, however, the joining 
•together of long lengths of cable in this country and long 
lengths in Europe with possibly long lengths of inter- 
vemng submarine cable. If two persons talked over a 
drcmt of such great distances with the present types of 
loaded toff cables, each would feel that the other was 
somewhat sluggish in his replies. 

Tests have been carried out to determine what 
magnitude of delays is permissible. Several methods of 
conveniently introducing delays have been employed 

15 6 i eStS j, The method f°und the most useful is 

that illustrated by Fig. 1. 8 

Two long brass pipes looped back and forth to con- 

loudspeakers at their 
enc^. One of these pipes is connected by means of its 
loudspeakers into the circuit for transi^Sn on ^ 


Using devices of this nature, experimenters-have 
found it possible to talk fairly conveniently over circuits 
representing time intervals as great as 0.7 sec. in each 
direction. Such great delays, however, would be con¬ 
sidered undesirable for commercial use. Generally, 
delays of about one-third ; of this are considered the 
maximum which is satisfactory. 

The second problem noted above is the distortion 
produced when the different frequencies snaking up 
speech are transmitted with different velocities. These 
effects may occur in one-way circuits as well as in two- 
way circuits and are not related to echo effects. The 
appearance of these transients to the listener depends on 
whether the excess delay is at low or high frequencies. 
It is rather difficult to describe the characteristic sound 
of a circuit with low-frequency delay. , High-frequency 
delay, if extreme, sounds as though a high pitched reed, 
such as a harmonica reed, was being plucked whenever 
a sudden transition occurs in the voice sopnds. 

The appearance of such transients is shbwn con¬ 
veniently by the aid of oscillographs of spurts of alter- 
natmg current taken before and after being sent over 
circuits having various delay characteristics. If a* 
frequency / is suddenly applied to the sending end of a 
fine, and if all frequencies are transmitted over the line 
w!th the same attenuation and at the same speed, the 
wq,ve at the receiving end vrill duplicate exactly in form 
the wave at the sending end. Any departure of the line 
from these ideal characteristics causes transient effects 
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• s^„°n«r m , 1S - rppr0£iuced in Fig- 2 showiag a 
qpflrt ofl,600-cyele current as applied to, and received 

t tte upp a er e p a rt of Zt '^lylaqre-dela^ 

2WW&K at the ■^*2* 

smaff variations in the zero line of the curvt, due to 


Trahsm) rrep 


■~‘ m, sbznzg~'~ 


F 19 . 2 . Transients ^ i n medium heavily loaded 
circuit, showing delays in upper part of the range 


Seof - /oao" 


T/cA/vj//?A/rj /hLwcs sc. 


1 through / fa ” /■/. P f 

' ****** 1 


^ <000 L PF ,*/ 


'tjo-tyx 


Over fi/)t 


J foceiVtd Jr 4 h. 




/ hrtvp COrrtcl<»-{Aj 

A\ct,y§J fr»Hl £a*-r»i:for 


- &00>f/}c3 of H-fJtf Ctrcuif co.-iua/ipq 

Jr.-, M^y.rk Ay B*ff, mor + f r {J 


F ' 9 ' 3 - Transienh in- medium heevily loaded 
ceble circuit, showing effect of corrector 

S«riw„ 0 f5r interferences, should be neglected, 
c^ent thil,!] 1 , 6 Sh0WS an appUed 1.000-cycle 

SLt, . 1 ” Sh0ws lts torm as it was received, 

disclosing transients; and the third line shows it at the 
aebeption point after jt had been passed 4ro^h a 
correcting network applied in series with the circuit 
While the. delay in the reception of the signal had been 
somewhat increased as indicated by the displ acement of 
he signal further t^ the right, the transients at the 

greatly'.^ "* * dh *-. ° f the ^1 are redded v^ 

JSfa*?** l0w ^“des may be present in a - 
Ir ® ltdue J t0 *e apparatus which is inserted in it. 

The third problem listedinejudes the ejects of echoes. 
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•in telephone circuits of such lenefh a® +~ J . on T 

s&s3sr» r -»x, 

^ -sr^asfs: sss • 

-jeJSsasEsr™ 

^l° f , th ^ refleCted waves return t0 the receiver of 
the talker’s telephone and if lnud L1 f. rec f* ver ot 

mipnevfooK-nn.d-u + j. 1 . ,. na 11 louc ^ may give him an 
f t thG dlstant party ^shes to interrupt 

^severe^tT 62 ?*T the ^^WephonS 

. “ echo following the 

cirlidt tt??^*** 4 sh0TO & four-wire" 

*"* W 

lowerplrt'rflh^fi 6 ^ " d 7** ‘^“Siom^The' 

- ZZZ P 4 , the figure suggests the-paths which the 
echo current mav follow u i - “ 9 w /»cn me 

used at tho P nH 0 f \ ™ . balancing arrangements 

to iHustrate the fourth problem listed above- that is 
oerference with voice-actuated devices of-this kind' - - 
The circuit shown is similar to that of Fig 4 but with an 

.“Mr sr;r 8ed that ener ^ transmitted 
“ t u ®f :i Ctl0n . short-einmits and. thus disables the' 

Pa of the circuit going in the opposite direction In 

"Y e P hoes *«» the distant end eannTbe tra^ 
nutted back to the receiving enpl 

If the delays in such a circuit are laro-o unA 
adjustments not weR made, it is possible for one sub 

ODeraTerf 1 ” 0112 ^ 1 ' 17 SteadiIy to hold the suppressor 

tt£rr~vt * u is di ® cuit f ° r ^ 

Static lfh K 80 desires - Under similar 

cona tions, if one subsenber starts to reply almost 
simultaneously with the termination of the other’s 

Urreply by m t a he be T* diPPing at the Zoning of - 
n- • th echo sa PP r essoR More involved 

ftdwlrent 3 " 56 7^“ * ere ^ tw0 OT more “ch devices 
at different points m a circuit. 
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Station 
E 



Direct Transmission 

. 1st Listener Echo 


2nd Listener Echo 


, 3rd Talker Echo 


I Direct Trannmfa«tn»i 


■li-UTTCTJ 


(b) 


Fig. 4. Diagram of a four- 


wire circuit 
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Long radiotelephone circuits may vary so greatly 
in transmission effectiveness that if they wereVranged 
to Ije operative in both directions at a time, it would be. 
difficult to prevent their becoming unstable and setting 
► up oscillations. Voice-actuated devices sofhewhat simi¬ 
lar fo echo suppressors but more elaborate are therefore 
employed on such.circuits to stabilize them. With this 
arrangement? the circuits leading to both racfio trans¬ 
mitters are normally disabled. The speech \ya^es 
starting fronf either end, therefore, must operate devices 
to put the transmitter at that end into working cbn- 
dition and t<\ (Jisgrible the receiving circuit at that end.* 
Evidently arrangements of this kind need Wen greater 




(a) 

• 


• * 

_r 

Direct Transmission 


• 




Direct ’ 

c 



Transmission * 


Fig. 5. Four-wire circuit with echo suppressor 

• 

care in design and adjustment to prevent clipping of 
speech and to avoid making interruption by the 
listener difficult. * . 

An interesting application of time delay has been 
made in connection with radio systems so operated. 
In this the voice currents on reaching the disabling 
point are passed through an "artificial line in which a 
desired amount of delay is incorporated. Just before 
entering this line a part of the energy is taken, rectified, 
and made to operate the* switching mechanisms for 
restoring the circuit to operating conditions. This 
switching is completed by the time the voice currents 
.have passed through the artificial delay circuit and are 
ready to proceed down the line. If it were not for this 
arrangement a small part of the speech currents might 
be lost during the interval while the switching 
mechanisms were operating. 
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Electrical 

Precipitation 


A 

Although Cottrell smoke precipitators have 
found application in a variety of indus¬ 
tries, theoretical features of the process' 
«n0 fundamental laws underlying it have 
•not been subjected to very close scrutiny. 
Experiments described here were made to 
determine the effect upon "precipitation 

efficiency of many of the variables enter- 
in§ into .the process. 


By 

A. W. SIMON 


L. C. KRON 


Both of the 

Tennessee Goal Iron & 
Er - Oo-. Birmingham, Ala. 
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mo i- ,. ~ O^TRJSLL TREATERS have found 
many applications in various industries for the recovery 
or removal of smoke, dust, and fume particle W 
their containing gases; yet the fundamentals of the 

to°nnf tw™ received but scant attention. In order 
to put this process on a more quantitative basis an 

^pstimental and theoretical study was made in this 
laboratory^nwhich were investigated the effects upon 
*he precipitation efficiency or percentage removal, of 
anous fundamental variables such as the operating 
If tkf% second ^. curr « n ^ gas velocity, concentration 
'teors d ^ PerSOld ’ size of discharge electrode, and other 

The underlying theory of the process has been covered 

i^‘ S (°No. on Blectrlcftl Pr ^ 

York. Jan. 25-29 1032 * A * LE - B * winter cohventloii, New 
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but f % the Pm^oseS tff this 

teSon of SnS™? 813 q o 0t ^ fr0m “ EIectrica > Precipi- 
of A SoIlds from Smelter Gases” bv Ross T* 

Rathbun, A.I.E.E. Trans., V. 41,1922, p. 816: . 

*^iS e |S 1 a?S»a 0 S ! T P ' lsll8d i te ’' ,el ‘ th6 m the 

■W.UV. *“.-W Wa.-. ,I« is Msun.^ ttafthe* 

electron stream Is sufficient to »^f“ S lt 8ent a8a,that the velocity of the 

gradient is steepest. This stream nr eJec f^ )cie ^here the potential 

passing by contacting or attaehin,!^^ 8 th ® njlnut ® d «s* particles in 
a ne@ P “ Ueles -, ««*■■ haying 
attracted by the positive poleandhuri J'^.^etroatatlo field, are 
, force, where they give un their 218811136 16 considerable 

to it (the electrode) t>y adhesion ,9 V& ° ErS ° e ^ ec trode and cling 

" * » * • * 

• piXrr 83 i m ? y be seen to simply Of 

Sm fi^ e T- .f S through a ““directional 
^trostabc field in which a corona discharge is main- 

tamed. The dust particles first are charged bv th* 
etefrofe ^ the ” SW6Pt ° Ut ° f the between 

' wJblldTnl^! h deVel ° Pm6rf ° f tha P"*** article 
,““ , upon the assumption that the chance of a 

22?^ precipitated depends merely upon its 
edition ““H 8 an i0n ’ » d ^is led to t£ 
v = 1 - e~ w * 

fraction) removal (expired J'i* - 

x 2 i -' . ? treatment time, « a constant for a par- 

ticular precipitator treating a given fufne or dust and 
e ba&e of the hyperbolic system of logarithms 

f f immediat ^ deduction of the 

predictor tr f ersed the » m the 

precipitator and the gas velocity V, since the tW / ' 

the qBOtfent °f *8" 4 Thisl^: tothe . 

a L • ' 

v = 1— e~ v 

( 2 ) 

From eq. 1 also the effect of increasing the effective 
cross-section of a treater or its length, or the equi “l e nt 
process of connecting similar treater units in parallel 

fethe^dv'v?" w d , educe » d "“mediately. 'Since time i 

member of eTl ft appeariri 2 in th e right-hand 
f X> for a glven constant gas ^volume 
treated per minute m a given number of precipitators 
hotf these are connected has no import as rS s tS 
resulting efficiency, for the length of path is fo^ed * 
n a senes connection in the same ratio as the velocity 
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Fig. 1. Special pho¬ 
tometer for determining 
smoke concentration 
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is dedre&sed in a parallel connection. Ip other worsts, a 
given number of units can be connected all ir^ series or 
ajl in parallel without any difference in the theoretical 
efficiency. The same holds for symmetrical series-* 
parallel connections. * 

• • * 

Special* Apparatus Developed 

One of the chief difficulties in experimenting wjfch 
the action of the Cottrell treater has been the lack of a 
quantitative method of determining the instantaneous 
dust or smoke content of the gas entering or leaving the 
precipitator. • In -these experiments this? difficulty was 
solved fey means of an optical (photometer) method; 
specifically,, by measuring the light absorbed fey a 
definite Qplumn of the smoke-laden gas. For a dust of 
constant composition and physical characteristics it 
San be shoWn that the concentration is proportional 
to the logarithm of the. ratio of the incident to the 
transmitted light.* Thfe factor of proportionality de¬ 
pends upon the nature of the dust or smoke to be 
measured. 

Apparatus used for measuring the* dust concentration 
is shown schematically in Fig. 1. Light coming fr&m 
small lamp s is rendered parallel by the lens L h then 
passes through the window Wi into a long rectangular 
'box B catfying the*smoke-laden gas; from a second 
window W 2 on the other side of the box the light 
emerges, reduced in intensity by a fraction depending 
upon the concentration of the smoke; then hy means of 
a second lens L 2 *the light is concentrated on a light- 
sensitive element which sends a current through the 
meter M proportional to the intensity of light acting 
upon it. Two such metering devices were used, one 
on the inlet and the other on the outlet side of the ex¬ 
perimental precipitator. 

The experimental precipitator used is shown dia- 
grammatically in Fig. 2. It consists essentially of 
a cylinder (pipe) with an insulated wire electrode 
stretched inside along its axis. The wire is held in 
’place by heat-resisting glass insulators at either end, 
the necessary corona-forming potential being supplied 
by a lead brought into the cylinder through a bushing 
also of heat-resisting glass. The high voltage supply 
consisted of a pulsating direct current obtained from 
a half-wave vacuum-tube rectifier. 

For the material to be precipitated oil smoke was 
used, this being generated by a specially designed 


“smokifier” which allowed,.the formation of a constant 
stream of smoke e ot constant characteristics. This 
device consisted merely of a copper U-tube immersed 
in ^molten lead bath; smoke was formed by simply 
feeding, a thin stream of oil inteothe hot tube; thq re¬ 
sultant* smoke was blown, out by a stream of ,air. *. 
Strictly speaking, this device generates an oil “ mis t” 
rather than a true smoke, the oil itself not being car¬ 
bonize^ but merely vaporized and recondensed in the . 
precipitator/ 

Experiments were carried out by passing the oil 
smoke first through one of the specially designed optical 
photometers where fits initial concentration was ob¬ 
served; next the smroke was passed into the precipitator 
•to which variations in the different fadtors involved in 
the investigation were applied. From the precipitator 
the gas was pipe'd through <a second optical photometer „ 
where its final concentration was observed. 

nr 

Results 

• F 

« 

In general the experiments showed that the p/ecipi- ? 
tation efficiency increases with the treatment time, 
vohfage, current, and power, according to a curve which 
partakes of the nature of that for a condenser charge; , 
or, in other words, they are exponential relationships. 

„ - h 


Fig. 3. Theoretical pre¬ 
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Cottrell electrical precipitator used in the 
experiments of this article 
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Curves representing these relationships thus rise steeply 
at first but at a continually decreasing rate; then bend 
over and eventually approach the value of 100 per cent 
efficiency asymptotically; 'this is depicted graphically 
in Fig. 3, which is a theoretical curve of the precipita¬ 
tion efficiency plotted as a function of the treater 
length. For a given gas volume treated per minute 
or constant gas velocity, the treater length is propor¬ 
tional to the treatment time. Froni this curve it may 
be seen that in general the cleaner a gas becomes the 
harder it is to make it still cleaner. After the first 90 
per cent of the smoke particles has been removed, just 
as much additional apparatus is required to remove an* 
additional 9 per cent of the original content than was 
necessary to remove the first 90 per cent, and so on. 
From the theoretical point of view this is due to the 
fact that the cleaner the gas becomes (that is, the 
smaller the concentration of the dispersoid) the smaller 
becomes the chance of a single particle of the dispersoid 
'encountering an ion. # ' 

In addition to the general results just outlined, cer- 
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tern" other peculiarities, of. "importance we're noted 
Surprising as ft may seem, the; yalue of the operating 
voltage m so far as it ditatafc. the elecSc fidd 
apparently has but little effect upon' the cleani^ 
.foency. The function of the fie# is only J sSS 
particles, once they havje become dharged, to ^col¬ 
lecting electrode; for this purpose over a wide range the 

vohir- Ue f the ^ and conse fl uentI y of the applied 
voltage is of secondary importance. The sameholds 

for the size of the discharge electrode; the latter merely 

de termmes the operating or corona-forming voltage. 

Of fundamental importance, however, is the current 
flowing between electrodes and through the s Zkl 
laden gases within the precipitator; and for different* 
ischarge electrodes and operating voltages it was found 


^ecessary oj^y to dupli5ate the current to duplicate tfee ■ 
precipitation efficiency. The current itself is affected 
by the concentration of t&e dispersoid entering th3 pre- 

u- 1 ? C °T derably depressed ^ the Goncen-1 ■- 
tration is high, and mce versa. The resulting corona 

charac^nstic (current-voltage curve) of the preeipita- 
“f ? ad th xu d * epends up onHhe concentration of 

material Anf.priywr_ * • « 


" hl1 ® rj e present theoretical and experimental study • 
upon which this article is based, is thought to be more 
; extensive perhaps than most others that have been 
made before, it is considered to be still far from com¬ 
plete. It is hoped that the experiments described and 
the experimental methods developed will stimulate 

further research in this highly interesting field. * 

* + ^ 


lability Experiences * 
with Conowingo Hydro Plant 


By 

R. A. HENTZ 

Fellow A.I.E.B. 

J. W. JONES 

Associate A.I.E.E, 


Both of the 
Philadelphia (Pa.) 
' Electric Company 


S 


is becoming LABILITY of electric power systems 
is becoming of more general interest and concern since 

,«° lar 8 e hydroelectric stations located at con¬ 
siderable distances from their loads, and with the general 
mterconneStion of large capacity power systems. Many 
papers and articles dealing with methods of calculating 
stability have appeared; but comparatively little infor¬ 
mation has been pubjished showing the experience on 
actual systems. Such experience is of value as an indi¬ 
cation of what may occur on other systems of similar 
character and also in determining the basis for design of 
new projects. * . & 

A typical example of a generating station susceptible 
to instability under certain conditions of severe line 
faults is the 252,000-kw. Conowingo hydroelectric sta- 
faonwhich is situated 58 miles from the main system of 
the Philadelphia Electric Company and ties in with that 
^system and the 220-kv, Pennsylvania-New Jersey inter¬ 
connection by means of two 220-kv. lines. During the 
four years the pl$nt has been in service, studies of the 
stability of this system have been made, and consider- 

upon "Stability of Conowingo Hydroelectric Station of PhiladelohJa 
Electric Company System" (No? 32-28) presented at the AI etc rSSS 
convention, New York. Jan. 25-29,1932. A.I.E.E. winter 

^ - * 

February 1932 v ' * 


• During the first year of operation, four cases 
of instability developed at Conowingo ‘ 
hydroelectric station of the Philadelphia 
Electric Company when faults occurred on 
the transmission lines. Subsequent investi¬ 
gations showed that-some of the genemto* • 
i would advance 180 deg. ahead of the sys- 

! tem in less than 0.3 sec. when full load was 

dropped suddenly. Installation of higher 
speed relays and circuit breakers together 
with changes in the operating set-up, have 

corrected the situation. * " 

* 

able operating experience has been obtained including 
several cases of instability. As a result several change! 

have been made to improve system performance. Auto- 

oscillographs to record system performance during 
faults are installed permanently, and a great many 

tS«rvrff'l 0bta i ned ' No operatin g *0 de- 

tenrnne stability have been made, though several short 
cmiuit tests were conducted on the 220-kv. system to 
detenmne high speed relay and oil circuit breaker char - 

stability 3 ’ theSe b6mg “ timatel y associated with 

Extent op Ststom Involved 

■ J** 6 s , y3t , em ! n ™‘ ved (seeFi g. 1) consists of the Cono- 
wmgo hydroelectnc station with seven 36,000-kw. 
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• generators corihected b$ two fe-mile 220«rkv. lines t$ 
Plymouth Meeting substatioij, a junction for twQ lines 
' • •of tge Pennsylvania-New Jersey 220-kv. interconnec- 
• tion, and for connection with the main part of the Phila¬ 
delphia Electric system through step-dovpi trans- 
» fofmers. Three 10-mile 66-kv. aerial lines connect from 
Plymouth Meeting jfco' Westmoreland substation, from 
\ which point lines radiate to the main part of the Phila¬ 
delphia Electric system where most of the Conowingo r - 
output is used. r • 

• Pennsylvania-New Jersey interconnection’ as indi-* 
cated consists of 220-kv. ties between the Philadelphia’ 
Electric Company system at Plymouth Meeting, the 
Pennsylvania Power and Light Company system at • 
Siegfried, and theTublic Service Electric and Gas Com¬ 
pany system a t Roseland. The interconnected systems 
are all of large capacity, having respective peak loads in 
♦ r 1930 of: Philadelphia Electric Company, 699,000 kw.; 
Public Service'Electric and Gas Company, 540,500 kw.; 
and the Pennsylvania Power and Light Company, about 
350,000 kw. 

c Preliminary Stability Study 



Fig, 1. Map of Philadelphia Electric Company 
high voltage system showing also lines of the 220- 
kv. Pennsylvania-New Jersey interconnection * 


f Extensive stability calculations and studies were 
made before the 220-kv. system was built to check sta¬ 
bility in case»6f line faults. The faults were assumed to 
involve only one phase since information then available 
indicated this to be the general experience on 220-kv. 
systems. These studies were based on the ultimate 
system development which involves extension as shown 
.by the dashed lines in Fig. 1. Since the system is 
rather complicated, one of the studies was made with a 
mechanical model. 2 (For numbered references see 
bibliography.) / • 

Results of the stability studies showed that in general 
synchronism could be maintained for practically all 
expected fault conditions, although considerable swing¬ 
ing for some conditions. On account of 

this swinging condition together with uncertainty re¬ 
garding some of the factors assumed in the study, such 
afe clearing time and fault resistance, it was considered 
advisable'to incorporate in the design several special 
features for increasing stability. 

^ Measures provided with the initial design, for i»- 
creasing stability and reliability, may be divided into 
two : general classes: (1) preventive and (2) remedial. 
The first class aimed to prevent faults by means of 
heavy insulation and protection against lightning with 
45 : wires for each line, shielding for substa- 

, tion structures, and installation of lightning arresters 
04: ht the substation. 3 ’ 4 The second or remedial class in- 
steps dear faults quickly should they occur, 
stiffen the system in case of transient 
W sfchrbanQ e s. : : In this connection a special relay system 
v ; x v Resigned to clear all faults with minimum delay was 
installed. Oil circuit breakers used were designed to 
: xxV x: ; -mtoufit. fault :cufrent-in less than 0.5 second; at the 
v . ;. 5 . ot ^^Histallarion these were the festest avaflkbfe. 

f-- • --7-45/-4 
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Table i—Faults on Plymouth Meeting-Conowingo 220-Kv. Lines 
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* The gen’eratora were built 
with as. low transient reactance as possible consistent 

* r^ctan^intt' 6 “** ^ effiden «y- To obtain low 
reactance ^ these machines was rather difficult befiause 

dn^ S V W 3P ? ed (80,8 r * p * m *) but it was possible io re- 
duce the transient reactance to abq>ut 29 per cent and 

still have a fairly welhbalahced dSfen. Si! 
reaetense was kept as low as was possible with safety 
- ^ d . this resulted in a value of about 9 p^ t TW 

,ij^ 0utb ^ eetm ^ transformers were so-arranged that 
tRe synchronous condensers connected to theh^tertiarv 
9 y^ n<bn £ s would be closely coupled to the 220-kv system 

_ tainSS 6 m “ imUm benefitWth emin main- 

One 30,000-kva. condenser is provided for each nf +k* 
thr^transformers at Plymouth 

ondmsere have rather special excitation as described 
in a previous publication.* In case of a' syS dh 
turbance the exciter voltage is increased aitomtticalfv 

* tt f ° Ver 6 ’°° 0 volts Prf second, and-th^oad on 

each condenser increases from a normal value of 10 000 

kva to about 68,000 kva. in 0.6 sec. Two additS 

w2ta Ut °i ma s C u gh ^ station are 
_ n , __ . Westmoreland substation and the 60-cycle * 

thSm? frequency converters on other parte of 

S rt, de l P ^ a Electnc system are used as condensers 

later f , h r e bang provided with automatic vdtage regu-' * 
lators. Conowmgo generators have special hie* wZZi 
excitation designed to prevent a dro^rf iorfS 

derive mdU , Ced voltage when full-load lagging 

' IT?' ,B SPP led sudden) y while carrying ^ulf 

rated load at unity power factor. y g 1 

9 

!* 

Instability Experienced, with Initial Operation • 

hJJ^**** year (1928) three faults, all caused by 
. jightaing flashovers, occurred on the Plymouth Meet- 
ing-Conowmgo Imes; each fault involved two r*--! 

forteiCT Conoirinv^^ ^ aSSUmed 88 th « hasis 
these fedte anT.T 8 became uustahle for each of 

severe &£.•£^ 

lines ° f tte 

This experience during the first year, when everv 

Mm Meetin ^onowingo Hue caused 

instability, naturally was very alarming and extensive 

and d L Wa w V ® n determine the cause of the trouble, 
and^to ascertain what could be done to correct the con: 

dirion. The study was handicapped at first by a lack of 

efimte records of the time and sequence of events 

^medoubtcxK^ regarding the performance of relays* 

switching tune, and operation of the governors. In 

l^faSatidf of™ - “T ° f instabilit y oceuwed before the 
installation of synchronous condensers was complete 

Ugh SP6ed was working 

While practically, no interruption of service to cus- 
tomers resulted from these disturbances, it was realized 
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that something must Jpe done immediately to increase 
the reliability of Conowingo. station, therefore a/iumber 

• of‘temporary measures were adopted pending the out- 

• come of further study and experience. 

It .was evident that most trouble was likely to' occur 
^uriqg lightning storms; also that service to* the cus¬ 
tomer could be m^Jntainedby providing sufficient steam 
reserve. Arrangements were made therefore \gith sta¬ 
tion attendants and line patrolmen to watch for electee 
storm?, and Ip report their appearance to the system 
t l°ad dispatcher; the ^oad on Conowingo then could be 
reduced and the steam reserve built up. A practise also 
. was adapted ©f» operating the 220-kv. system split so 
that Conowingo would operate in two separate sections 
Ruling storms if four or more generators were running. 
While this meant the certain loss of half the station with 
a fault on either line, it greatly reduced the chance of 
losing the erfeire station. Usd of this storm set-up was 

* discontinued in 1931 when changes had been made in 
some of the*equipment s& that it no longer was required. 

Special Tests 

« 

r While relief was obtained by the temporary measures 
just outlined, a series of tests was made to check practi¬ 
cally all uncertain factors affecting the performance of 

* 'the system/ The mos f t comprehensive of the tests was 5, 
senes of single-phase and two-phase faults made at 
various locations on the Plymouth Meeting-Conowingo 
lines, records being obtained on all parts of tHfe system 
by observers and -special recording equipment. These 

„ tests were made with most of the synchronous equip¬ 
ment and lines in service* but without load because of 
. the danger of disturbing customers. A total of 29 oscil¬ 
lograph dements were use5 in the Jbest, connections to 
these being shifted to measure various quantities for the 
different faults. High speed moving pictures were taken 
of all faults and of the governors on several generators. 

Principal conclusions from this series of tests were as 
follows: 

1; Belay operations were correct and all faults were cleared with more th an 
sufficient margin to prevent the disconnection of any equipment other than 
the line faulted. 

* # 


2. Over-all clearin&time for faults including switching and relay operation 

wa* somewhat longer than expected, averaging a little over 0.5 sec. for the 
first switch and 1.0 sec. for jtheSecopd switch*; *' * 

f V 

3. No serioiis swinging of*one Conowingo generator -against ano ther was 
observed. 

4. Notiunting of governors occurred. r 

• f ( ° , 

5. Faults if ere apparently of low impedance and did not “blow" from one 

conductor to another. r 

6. The high speed excitation system was not performing as well as expected. 

7. Calculated short-circuit*currents were in reasonably close agreement with 

actual te^f values. « * 

r * 

Another test which was made consisted of opening 
switches on the Conowingo generators while the ma- 
• chines were carrying load. This was done to ascertain 
the speed characteristics and governor response of these 
units as well as furnish a service check of the overspeed 
and overvoltage protection, this test showed that the 
speed increased So rapidly when full load was dropped 
that some of the units advanced 180 deg. ahead of the 
system in less than 0.3 sec. This naturally explains'how 
the plant can get out of synchronism so quickly when 
ihe electrical output is reduced Seriously by the voltage 
reduction caused by a severe systeni fault. 

Special tests were made also on the synchronous con¬ 
densers under load conditions to check the operation of 
the high speed excitation system and to determine the 
best adjustments; after some changes had been made, 
performance was brought up to expectations. The test 
on the Plymouth Meeting condenser is described'm a 
previous publication. 6 Still another test was the mea¬ 
surement of zero sequence reactance of the Conowingo 
lines. This consituted one of the uncertain factors as¬ 
sumed in the calculations; the test showed that the 
measured value was in close agreement with that used 
in the calculations. 

Supplementing the information obtained in the 
special tests, complete records and reports of each sys¬ 
tem disturbance are obtained by the following means: 

1. Automatic Oscillographs 

Aa soon as obtainable, automatic oscillographs were installed permanently 
at Conowingo and at Plymouth Meeting, a six-element ^instrument at the 
former station and a ^even-element unit at the latter; most of the timp a 
second six-element oscillograph has been in use at Plymouth Meeting. A 
four-element Hall recorder is tqstal&d at Westmoreland. To obtain 
records of field experience and special information additional oscillographs 


Tabic II Faults on Plymouth Mecting-Slegfried and Plymouth Meetlng-Roseland 220-Kv Lines 



Date.. 
Time.. 
Line... 
Cause. 


...7-12.. 
.5:15 p.m. 
... Sieg... 
. .Ltng..:. 


No. phases faulted.__\... j 

MilesfronfPly. Mtg....;___’ 40 . . . , 

♦Besidual amperes, Ply......... .1,000. 

fPos; sequence kv., Plymouth....... L_ 

Clearing time. Ply. (cycles)..... 65. V. 

Load, Conowingo.... ......! 208. . . 

Load, P. E. steam gen....... 55 ] * 

Load, P. E. system............ ____ 263. 

220rkv. system set-up...... Solid. 

Oqnbwingo stability....._,;_ .....ok. ! ., 


...7-24.. 

. .8:02 a.m. 
.. .Sieg... 
. ..Ltng... 


1 ... 

15.. . 
1,440... 

65.. . 
218... 

173.. . 

395.. . 
Solid... 
• OK... 


- ....' ... 

Qonpwingo power swings after fault cleare d..... , 

: "‘Measured in faulted line, fffiquivalent line to neutral voltage; 

' 98 ': - 


.8—13... 

.. .11:37 a.m. 

.Sfeg..-..' 

.Ltng.... 

. 1 ... 

. 35.... 

.....1,070.,.. 

....... 92.... 

...... 41.... 

...... 341.;.. 

...... 349.... 

.... ..Solid... 

......OKi... 

.. None.. 
normal value 


...6-26... 
. .7:12 p.m.. 

... . Sieg_ 

-Ltng_ 


.. 1 ... 

17... 
..1,840... 
.. 92... 

... 30... 

.. 120 ... 
.. 221 ... 
.. 369... 
..Split... 
...OK.... 
...95-142., 


....7-9..., 
• 10:17 p.m. 

•.. Sieg_ 

...Ltng.... 

1 ... 

... 14... 

. .1,750... 

... 98... 

... 35... 

.25... 
... 262... 

■323... 
... Solid.... 
. ..OK,... 
...20-25.. 


... .12-10 . 

..7-14.. a.. 

...9-6 

. .4:17p.m.. ... 

6:14p.m.. .. 

.4:28 a.m. 

... Bose . 

Bose _. 

... Sieg. 

object,, 

.Ltng.. . .. 

■8.8 

li 


. 1...... 

... 1 


. . . 

... 0 

....600 + .;... 

.2,000 . 

• • • “ - 

“ * * .rf 

. .115 . 

... -■ 

- 71 . 

8 . 

.. .150 

- 0 .. 

. 172 . 

...28 

- 434 

. 150 . 

... 134 ' 

...453 .. 

. 312 . 

... 179 

... . .Solid . 

. Solid . 

.. Solid 

... ....Off_.. 

.OK. 

.Tripped 

.,.. J0ft . 

166-181 . 

—— 


f • • 


127 kv. All load and power values given in megawatts. 
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PLYMOUTH MEETING su'um , 
««S0i.0jr^., c .., " 

. PM N«h . J ■: 


<» 

t0 : 1 4 93 f°r ,IO3ram ° f SyS * em May ’ 

- breaW ^hi'ity maintained through a two-phase 
fault on Conowingo line 

* 

tL, 

moTl $ U Meetlng-Oonowlngo lines „ 0 S,ive ™ ’ P ° W n «“* ot *» P*- 
Une currents and voltages. They are vo l taee - and selected 

residual current, but arrangement •„.« ,f. rtd automatically with station 
line current, since three-phase fault made to start then? also with 

cient residual current for this purpose y oxperion cod have bad insufli- 

2< * Reports from Station Operators 

portant relays are SnScUo a^drop s2° n ^ dicators and the more im¬ 
age which rolays operate for each disttirhmm Sy f!i 0m 80 that 14 I s Possible to 
determine the phases" which are faul ted n nri J us usuall y it is possible to 

Operator's are instructed to note the tlnwofoacl/dist^h 0 " 111 IoCatlon - 
record of all Relay operations cU f turbance and to make a - 

reading ammeters in the neutral m lIT 80 ind,ca tions of maximum 
transformer windings fSZ 2!!°, voltege 

record of power, voltage, and frequenev or™ tCrS . fumi8h a continuous 

which .how the rryotou, «*p M macbbKa ta SSJ*" tart 


■ m ^ 4 ^ 

J' 3 ' 5 ' . 0«cillog«m of system disturbance July 9 
. 931 . Instability resulting from three-phase fault on 

* Co no win go line 


*» is 


3. Line Reports 

Al! available information is collected for each im¬ 
portant disturbance and these records are analyzed to 

tt.-J-a-W.t- phases involved^ 
tion of fault, fault current, switching sequence time of 
clearing, power swings, and other importent f" 
Records of all severe disturbances have been*referred to 
the major equipment manufacturers to secured 
recommendations regarding means of improvement. 

°f the ex f rien<:e with two-phase faults dur- 
mg the first year, further stability calculations were 
made, based upon this type of fault. These calcula¬ 
tions showed that with solid 220-kv. bus operation and 
load 011 the plant, a two-phase fault occurring 
’ ^ Iine could be expected to cause in- 

V+u 1 r 7 f cleared m approximately 0.5 sec.; however 
if the fault was Reared in about 0.15 sec., the system 
probably would remain in synchronism. 4 sfmilar 

Wa L made for two-phase faults on the Plymouth 
Meeting-Westmoreland , lines; this'showed that high 
speed switching was needed also on these lines 
* . * 
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— a rf S thought ^-Possible tS in- 

° f Sh ° rt Clrcuite on the 220-kv. ° s y s - 
tem. These testa were successful in showing that inS 
rupt.ng time of the order of 0.14 gee. 

Equipment Changes to Increase STABamr 

to^he^thno™ 777 Studi<& 311(1 t6ste described 
g er with normal development of the svstem ■ 

owing permanent improvements were decided upon: 
■rood ^ hleh 

to rodoce oporatliwuS^tbMi oul^ia® 8 ^ “ lay ° ‘■““lea on an Hue, 

t. tZl'77°” l " m,f0m,erW “ : ta«-taa,MlPlymouth^Mooting, 
raoreland. Iln<3 WaS add ® d betweon Plymouth. Meeting and West- 

Meeting and V wSmOTelMd SPllt lnt ° thre V aparate sectl °ns at'Plymouth 

f0 ; 8U8 - 

Operating Experiences Summarized 

General experience with Conowingo since 1 Q 2 R 

distimbances have ^ 

curred due to faults on practically all ni 

STMtehiTt “ tte ^5 year of “Portion whemfour caSs 
of instability occurred, various steps have been tew! 

mprove operation. As a result there has bSno^vo™ 
addibonal ease wherein Conowingo became unstable 
The disturbances have been classified according to the 
location of the fault on the system and are“fsc° Id 
under six general headings. discussed 

Plymouth Meeting-Conowingo line faults. Principal 
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14>le III—Faults in Philadelphia ^Electric System 220-iCv. Transformers 


...3-28 . 
11:53 a.m. 
... Con. 


‘Date... .•.•.4-11...12-22. 12-28.12-28.5-27.3-28 

Time..11:01 p.m!.. 10:33 p.m.10:43 a.m.10:47 a.m., .4:5$.$.m.11:53 a.m 

StaJjioD.. •.Oon.. f... -Ply.C<$i.• Oo»..Oon.Oon. 

Oause.. ... . .Bushing. ... .Winding.Winding.?. Energize...Winding. Winding 

• • • flashover failure failure faulty trans.f failure failure 

No. phases faulted.•...*.. i. 1....*.. i. 1. 1_ j 

tPos. sequence kv., Ply. ,.— _*-. 92. Y.—............ 90............ ee 

Clearing time, 220-kv? (cycles).—. 26... 70 . 36... 40.. 45 

Load. Oonowingo..147. fifc"..... *. .162.186.186. !258 

Load, P. E. system gqp.119..*230.198^....’. 256........ f... 68. 147 

Lpad, P. E. system..,1.....222..'.....300..419.419....232. 383 

220-kv. system set-up...Solid.Solid...Solid.'... Solid... .*.Solid.Solid 

Oonowingo load dropped... 71. 0._ 64. 0.. 33.. 36 

Oonowingo stability..«. . *.•.OK.OK. .*. . OK............OK........... .OK. .. . ... .OK 

Oonowingo power swings after fault cleared....— .. * .— ....180-250.60 -300. . . 90-270......' * ’ i.20-342 

tEquivalent line to neutral voltage; normal value 127 kv. All load and power values given in me^awatt%. , 


tPos. sequence kv., Ply. .— . 

Clearing time, 220-k# (cycles).— . 

Load, Oonowingo. 147. 

Load, P. E. system gqp.119. 

lg>ad, P. E. system.. # i..222. 

220-kv. system set-up.. Solid 

Oonowingo load dropped. 71. 

Conowin^b stability. .4. *.• .OK. 

Oonowingo power swings after fault cleared....— . 


* , r . . 

# data for each fault experienced on the Plymouth Meet- The worst disturbance and’the only one which has 
ing«Conowingolines are shown in Table I. Some of the caused instability since the first year's operation was the 
information is only approximate but for the sake of three-phase lightning flashover of 1931. The plant was 
completeness it ha^been included wherever possible. carrying 165,000 kw. and the fault was not cleared for 
Fifteen faults including* nine single-phase, five two- almost a full second because there was practically no 
phase, and one three-pha^e have been recorded on the ground current, and the only high speed relays, in 
Oonowingo lines. Instability resulted ‘from the three- service were ground relays. Since this experience, high 
phase fault and from three of thetwo-phase faults which * speed balanced protection has been added to take care 
, occurred in 1928 before the high speed circuit breakers of such conditions. Due to the relatively small ground 
were in service. . .current, the automatic oscillographs did not start until 

in 1929 no faults occurred while the station was the circuit broker had interrupted the fault. No 
carrying any great p amount of load; so there was no real definite record was obtained of the clearing time. The 
test?' of stability during the year. At the beginning of record which was obtained (Fig. 5) is of interest, how- 
1930, however, there was a rather unusual experience of ever, since it shows the power swings of the station out 
an electric storm in r winter. This caused a lightning *of synchronism with the system. The unfaulted line 
flashover of one phase on one Conowingo line while the finally tripped as shown by cessation of power swings, 
station was operating with solid 220-kv. bus and loaded The cre6t of the power swing was used to check stability 
to maximum capacity. Very heavy swinging occurred calculations by comparison with the crest of the power 
but stability was Maintained. An oscillograph record angle diagram calculated for this condition. These 
of this disturbance as obtained at Conowingo may be check to within a few per cent, which seems to indicate 


. . - check to within a few per cent, which seems to indicate 

seen in Fig. 3. Clearing time for this fault at Plymouth that the assumptions used f;r the stability calculations 
Meeting is shown by the length of the first step in the are reasonably satisfactory." 

residual current record and the clearing time at Cono- Faults on the 220-kv. Pennsylvania-New Jersey inter- 
wingo by the total length of the residual current record, connection. Faults experienced on the 220-kv. inter- 
Allowance must be made for the starting time of the connection lines running from Plymouth Meeting to 
oscillograph, which in this case was about eight cycles. Siegfried and Roseland are listed in Table II. So far as 
The record of voltage <5n the faulted line is interrupted known all eight faults were single*phase; while, most of 
some time before the fault was cleared, due to the opera- these were of relatively long duration, none seriously 
tion of an auxiliary switch on the breaker mechanism. affected stability. It should be noted, however, that the 
The record of current in one phase of the unfaulted line load on these lines is usually rather small, seldom ex- 
(No. 2 vibrator) shows the surging after the fault was ceeding 50,000 kw. The Roseland line' Was not placed 

- V* , into service until near the end of 1930, so that on this 

The new equipment for high speed clearing of faults line comparatively little experience is available. Itwas 
was in service m 3.931 and showed its value for the equipped initially with high speed circuit breakers, but 
fault of the year which was a flashover of two phases the first fault was slow in clearing because it was so near 
while Conowingo was almost fully loaded. The fault the Roseland end of the line that it was outside the zone 
pas cleared from Plinth Meeting in about eight of operation of the high speed relays. The next fault, 
c^l^ or 0.133 sec. and from Conowingo in 11 cycles as which was probably much closer to Plymouth Meeting 
i S^v b ^^ th ^• 0SC H 0 ? , t P i^ ^eC0 5 f r°m Conowingo was cleared in 8 cycles. The last disturbance on the 

lost ^ et ^ n tbe beginning of the Siegfriedline was rather unusual, being caused by faUure 
approximately 3 of the circuit breaker at Plymouth Meeting when the 
W ° CCUrred ^ the fault, linS was being opened. Some material jammed the oil 


but stability was maintained. 
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connecting one of the switch tanks to the oil sys- 
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ton, so that Before the breaker was opened most of the 

° d bad dr * mei out without t$ei*g noticed. Natarally 
flashover to'ground occurred insffle the tank. This was 
®^ 1 ™ ent to » 220-kv. bus fault at Plymouth Meeting 
.and was cleared a‘s expected hy trip-out of-all 220-kv 

Sft 1 Wrtf* sta ‘ 10n ' This w^olvbd considerable time 
ui u Ut the system was not seriously disturbed prob- 

ver^litti" C “ g ° was bu ‘ 

m-Kv. transformer faults. Several 'failures have oe- 
cuired m the 220-kv. transformers at Plymouth Meeting 
and Conowingo as shown in Table III. Most of these 
failures have occurred in the’ windings, each failure 
involving only one phase. Synchronism has been mate!' 
tamed through all of these faults, although they wfere 
not cleared very quickly and in sojjie cases the station 

was carrying full load. * s on 

'Plymouth Meeting-Westmoreland line faults . faults 
expmenced on the Plymouth Meeting-Westmoreland 
66-k*r. lmes are shown by Table IV. Since these lines 

< vf 7 1 ? 0 ?. ? f tbe Gonowin go output and have con- 
Siderabiy higher percentage of reactance than the Ply- 

mouth Meeting-Conowingo lines, the matter of line 
faults is rather senous. Fortunately very few faults oc¬ 
curred there during the first three yearn when only two 
mes were m use. The first fault caused both lines to, 

Th« dUe t0 ] he relay settinS8 bein « t0 ° low. 

1 he next fault occurred when there was but little load 

on Conowingo, and synchronism was maintained. The 
r^mammg faulty all occurred in 1931 after the third line 
had been added and after the new high speed switches" 
and relays were m service. Most of these faults were 
unusually severe involving two and three phases, and 
m one case two lines; but they were cleared quickly and 
stability was maintained in every case. 

Faults on interconnected , system. Faults occur fre¬ 
quently on the Pennsylvania Power and Light Comply 
system, particularly on tfie Wallenpaupaek-Siegfried 
h “ e - :’ Hewever, none of these faults has caused in- 
stability at Conowingo even thdugh a three-phase short 
circuit occurred at Siegfried while Conowingo was cann¬ 
ing full load. This fault lusted for about 52 cycles, re- 


ducing the ■'positive sequence voltage' at Plymouth 
Meeting to 76 kv. or about 60 per cent of normal; The 
maximum swinging of Conowingo power after the dis-- 
turbancq was from about 174 to 334 megawatt® This- 
distm-toce was far more severe than generally, experi¬ 
enced with faults on the Pennsylvania Power and*Light 

system which usually cause no power surges at Cono- 
wmgo. * 

on Philadelphia Electric main system. Faults 

» to the PblI ^ elphia Electric 66-kv. system excluding the 
> Piymouth ^Meeting-Westmoreland lines usually cause 
b ^ tle disturbance at Conowingo. A large part of 
tne b6-kv. system consists of singloConductor under¬ 
go 1111 * 1 cable so that most of the faults involve only one 
phase These faults sometimes last for .more than one 
second, but there hr seldom any trouble except burning 
of the cable and an occasional tripping of some syn¬ 
chronous motors and converters. A system of pilot * 
wire protection is being installed to reduce the clearing 
time for cable faults. •* " 8 

a two - w three-phase fault on the 
Schuylkill-Chester 66-kv. aerial line in 1928 caused loss 
A ftchronism in some of the machines at Conowingo 
as described previously. Other cases of two- or threer 
phase faults have developed on the 66-kv. system since 
the first year, but none of these has caused instability. 

Conclusions „ 

Based upon experiences with Conowingo hydro- 
electnc station and with other parts of the Philadelphia 
Electric Company system described in this article, the : 
iollowmg conclusions may be stated: 

J^sttUatton 0f ^ eh spoed rela ys and circuit breakers on the high voltara 
toe danger*ofM|£ Stp^^ eUMinateS 


T.ble IV-F.ulb on ’Plymouth M«Bn s .W«taorel«nd 66-Kv. Lines 



Date- 

Time. 

Cause. 




circuit 

3.. 

5.. 0.. 


}3 •.. 
3... 


1 or 2 
i.. 


No. phases faulted....... 

Miles from Ply. Mtg. .. ... 

tPos. sequence kv., Ply. .........1' ‘ ‘ _ _ 

♦Residual amperes. Ply.'... *•*"_ 

Oleartng time, Ply. (cycles).,.,..,. _ ooen 

Cttearing time, Westraffi. (cycles)..— ’ " ‘' _L 

Load, Conowingo..........180!! 98 

Load, P. B. steam gen?,.. 55 ’ ' 3S ’' 

Load, P. B. system... . . . .. . .....,.!. | ] [ 252 !'!!! ’ he. ’ "' '294 
66 -kv. system set-up....... g oUd g oHd ^7*' 

Oono-toeo ......:.. *££• SS5*: 

Conowingo power swings aftqr fault r ■" 

Cleared 

rr : —. . • *: ■••• • . . . • - -- •* »-—•. . . .236- 290., 166-280.; 140-322 . __ 

MeMroajg tested Dm. Hue to nmtoj TO ltw„ aMnj 


circuit 

. •. ; 1 ..,,., 3...... 3 ,. 

•• 0...... 4...... 2.. 

.117...... 02 ..-.;.. — .. 

.Open^ . 750 ;,,... 

• Open....18+.,. . 17 +.... . _ 

•’*; 16*...... —.— ......- ■. # 

..265......202..,...202.....,202.. 

;» 47,. * 186..... .186..,.. .186. . 

• •388.388... ...388.. 

Split..... Split.Split 


..7-14... 
9:03 p.m. 
. Ltng... 

.. 2 ... 

.. 3... 


••7-14.7-14 

9:14 p,m. 10:06 p. 
.Ltng..., .Ltng. 


3. 

1 ., 


.OK......OK.,>...OK. 


.. 13... 
.. 7... 

.. 202 ... 
..186... 
..388... 

. Split... 
• OK... 


. .226. 

..265. 

..473..... 

. Split. 

OK. 


.226_ 

.255_ 

.473.... 
Spilt..., 
.OK... 


3. 

1. 


7. 
13. 
168. 
150. 
322. 

. Split. 
-OK.. 
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All load and power values in 


.... 8-10 
m. 5:58 p.m. 
-Ltng. 

..... 1 
..... 1 

. 110 

... 7,620 

. 12 

- 15 

....42 
....335 

-379 

.... Split 
....OK 

None 
megawatts. 


Iftl 













5. Much credit is due the Snaaufapturers for the development of practical* 
methods of studying stability, and for the production of equipment for im- 

mwtrfmDLA’naiieflfi IT 9 


w w-■—«r « —— wmwwvaww w* V^U*^U*UM« iVi «Ul" 

provln^operatlng stability. • • 

« .. • • 

# 6. Short-circuit tests on the system and special tests on equipment such as 
that used to obtain high speed excitation fully justify the expense Incurred. 

7. IJermarfently installed automatic oscillographs are desirabl^fop: (a) In¬ 
vestigating and analyzing conditions when instability occurs; (b)*cheddng 
calculations of stability limits; dnd (c) checking relay operations. 
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' Combustion Control 


Equipment (or the automatic control of 
* combustion in modern steam plants is ii»- 
stalled as much, to achieve operating Speed 
and simplicity as it is to effect operating 
economy. Fundamentals of typical systems 
are outlined here. * 
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I HE SUCCESSFUL application of 
automatic devices to power plant combustion control 
has been very largely a development of the past ten 
years. During this period confidence in automatic 
operation was greatly strengthened by its success in 
other fields, particularly in that, of electric substations 
and hydroelectric generating stations. Moreover, be¬ 
cause of the ever increasing urge for higher efficiencies 
and lower fuel and labor costs, its development and 
application has had whole-hearted approval and assis¬ 
tance of engineers and operators. 

. j®3,riiest attempts at automatic control employed 

Combustion Control/’ (No. 31-93), presented at the 
A.I.E.E. summer convention, Asheville, N. 0„ June 22-26, 1931 . 


* r 

daftiper regulators actuated by steam-pressure. Then, 
with the development of automatic stokers and forped 
draft, regulators were applied to blower engines and 
‘ to the‘maintenance of balanced or nearly balanced 
furnace draft. This parly apparatus was very crude 
# in its mechanical features, and had the bad habit of 
being either all. “on” or all “off,” thus producing'" a 
steam pressure chart having frequent and wide fluctua¬ 
tions. The next step in the development was a depar¬ 
ture from these unreliable automatic* devices in the 
•application.of permanent instruments to indicate jdraft 
and rate of coal feed, together with better facilities 
for hand control. Where hapd control of the entire 
plant was centralized, improvement was realized in 
the uniform loading of the various boilers and in the 
much closer regulation of steam pressure. 

Development of a mode^r boiler plant necessitates 
the consideration of large Units where, in many cases, 
the auxiliary equipment may be located a hundred feet 
or more from the control point. Also, large stokers 
may be used requiring varying air pressure in their 
different sections, or gas, oil, or pulverized fuel may be 
selected and for which efficient operation requires 
closely coordinated regulation of fuel and air. The 
necessary complement of gages and meters for a single 
boiler has been very greatly increased while economic 
necessity has reduced the number of men. The unit 
cost of labor and fuel has trebled in the last thirty 
years and consequently comparatively small savings 
in these items may justify the expenditure of'material 
sums for new equipment to produce«such results. 

Another point is the fact that, because of the usually 
small amount of steam storage, fluctuations in station' 
load almost immediately are reflectedin steam demand. 
If maximum efficiency is to be maintained consistently 
these fluctuations in demand must be met by corre¬ 
sponding changes in fuel •■and air supply. When a 
multiplicity of boilers supply the same steam system, 
an y change in station load normally should be properly 
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dmded a m° n g all boilers.* If the operating forceps 

adS tP m ^ u ^ bers> M ^y skilled? and supplied with 
adequate instruments, results can Be obtained with a 

W -±i +if n ? ed manual control which compare favorably 

b ^ St T * utomatie contro1 - - However, the aut£ 
matic control is ever alert to perform its functions 

Its chief advantage lies in its ability to act simultane- 



by'draft at thb boiler outlet. Some" types of draft- 

cha^p lnS - eqUiP T^ Can ** controlI ed for smooth 
changes m small increments; others operate wfth 

large increments. Among the types of draft equipment 

Producing smooth changes are: v 

n ^ 

!• Ohinmey draft—damper control. * « A o » 

2 . ^Stoaiji driven fans—driver’control. ^ “* 

.8. D-c. motor driven fans—driver control. 

4. Wound rotor a-c. motor driven fans-drlver control. 

St Single speed a-c. motor driven fans—damper control. 

'Sszssi' s; ssss" d, * ,touK 

1. Multtepsed induction motor driven fans-drlver’control 

2. Md^petd induction mOtof driven fu^-driver and d^nper cental' 

3. Multi-speed Induction 2notor driven fans — driver and vane control. 

Large, modem boiler installations employing long 

diffpron^ 0 ™ 1 ^ 0111 ^ I e i uire a “PPiy* of air. at several 
different points at different pressures. ’ This condition 

makes necessary the provision of several windbox 

pressure controllers which may be adjusted either for 

section 1 n/th° Z\ 0rvaryine ratios for the different 
sections of the stoker as conditions may <w..h * 

Similarly, pulverized fuel installations may require 


* 

ously throughout the plant, thus permitting a reduction 
m the required number of skilled operators. 

Large, modern boiler installations commonly are 
equipped with push-button type of remote control 
ich represents probably the-most easily and quickly 

H Pe ° f manUaLV ^ated equipment 
he cost of such a systfem represents a large portion of 

the cost of a complete automatic control system, and 

it may be incorporated as a part thereof; 

# • 

♦ 

Adapting the Control to the Installation 

m 

White control systems can be adapted to most any 
type of boiler auxiliary equipment, the smoothness of 
operation often is complicated by the inherent charac- 
tenstics of the apparatus controlled. The ideal 
combination- of control and auxiliary equipment is 
©ne which by delivering to the furnace a propor¬ 
tionately changed amount of fuel and air, gives im¬ 
mediate response to a change in demand. Some types 
of equipment mherentiy are capable of approaching 
*7® ld 1 eal more closely than others and an understanding 
of such characteristics will be helpful in an understand- 

mg of what may be accomplished with automatic 
control. 

• • • . :• • * 

Air Supply . Air supply’control usually is actuated 

* \ 9 • ' 
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individual regulation of the primary, secondary, and 
tertiary air pressures. 

In most systems of control involving the supply of 

air under pressure for combustion it is necessary to 
provide an auxiliary control to prevent the occurrence 
of a furnace pressure above atmosphere. This control 
is actuated by furnace draft and usually functions 
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* r 

as an emergency or readjustment mechanism on ‘the 
forced draft fan. 

* r f 

eMan^ different types of automatic control are 
available for application to the different systems used 
for producing draft or air supply. Fore example: in 
natural draft installations the automatic 'control is 
usually applied to the stack damper; for variable speed 
motors and steam turbines the speed of the drfrer only 
is automatically controlled; in some pulverized fuel 

c 


to r .a change iff load and on the effect of large abrupt 
changes in draft r oh combustion ' conditions. The 

following types of Supply* equipment afford immediate 
response: 

r f . r rr 

1. Gas: v 

0 

2. Oil* 

r 

3. Pulverized coal—bln and feeder system. 

4. Stokers carrying a heavy fuel bed. , '• 

r o r 

The following types have a slow response (from one to 
fifteen minutes) : 



1. 

2 . 


Pulverized coal—unit system. 

Stokers carrying a lfeht fuel bed. 
r f 

f All types of fuel supply are adversely affected by large, 
abrupt changes tfn air supply; the disturbance in all 
cases being more marked "with water-cooled furnaces 
than with refractory furnaces. The effect on some of 
tfie more widely used systems is as follows: 

r Conditions 

1. Stokers -with deep fuel bed 


2. Sjflokers with light fuel bed 

3. Pulverized coal—bin and feeder 

system 

4. Ofl and gas »• 

5. Pulverized coal—unit system 


Effect c 

r 

Smoke and temporary loss la 
efficiency <* 

Blowing bare spots on grates, 
loss in efficiency and capacity 
over a considerable period 

Possible loss of Ignition 

Possible loss of i gnit ing ° 

Probable loss of Ignition 


sysbms employing a unit system, it is necessary to 

aiw d fl?eh t ! me la « the air supply equipment to 
aUow for the interval between the increase or decrease 
in the coal supply to the mill and the time when this 
.change in supply reaches the furnace. 

In 8 (ew 68863 ^ Pottle to 

measure the air supply by means of an orifice or some 

other metering device installed in the air supply line. 

However, and usually because appreciable quantities 

of air enter through openings in the furnace setting, 

it b necessary to base the air control on the flow of the 

SJ 363 of combustion rather than upon the air supply. 

The medium most often used for this control is the 

pressure drop through a bank of boiler tubes. When 

r T onably dean this method of air 
control u sufficiently accurate for all practical purposes 
When .the tube bank becomes partially covered^ 
slag, manual readjustment of the air supply controller 
js n^essary unless an additions 1 control con^S is 

itSjXen'r ° £ 001 40 8ut6 - 

a *2 '? rpes 0f ** “PPly equipment have 

**** marked “Whence on the quickness of response 
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Fuel Measurement. Where* coaS is the fuel/ 7 the 
measurement of supply eommonly is derived from the 
revolutions of the fuel feeding mechanism, each revolu¬ 
tion of which is assumed-to inject a given quantity of 
combustible material into the furnace. Unfortunately, 
however, coal is one of those natural products subject 
to wide vanation in physical and chemical character¬ 
istics which variations are reflected in the’fuel value per 
unit of volume. Consequently, correct ratio of fuel 
and mr can bem,aintained only by occasional manual 
readjustment of ^the coal feeding mechanism or by an 
automatic air adjustment mechanism actuated by a 
CO 2 meter or a steam-flow air-flow meter. 

Sequence.Interlocking of Control. In nearly all large 
modern, boiler installations it is necessary to provide 
sequence interlocking between certain of the control 

it is usually necessary that a 
the induced draft fan simultaneously 
«o^ fad and air supply, dud that the 

ahm£ edl f n ?i, me ^ m31 ? wiU “ ot overtravel beyond the 
ability of the induced draft fan to take away the 

products of combustion. In miny installations firing 
there Is a low limit of coal and air feed 
below which combustion becomes nnstable and the fire 
may blow out. 

Wherever automatic combustion control is applied, 
e^h boder unit is provided with a simple and £ady 
uneans for changing from automatic to hand control as 
may be necessary under such emergency conditions 
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^ the « «* 

Control-Power Z1 W ,V * dnal boiIef - 
operation of the contml T , ure c&n tinuity in the- 
■ medium through whYch the!w”i' ’ the SuppI - y ® the 
tctthe various regulators mntrh ^ 01 l mPUlse8 are ealT '«d 

by the provision rf two 0 " e i^ Ua u rde ^ P ° Sitively 

supply and a ready means of ZhJ P ‘ ? dent somces of 
to another. Pneumatic and hydraS^” ° D ® S - 0Urce 
were employed, but with systems originally 

operated remote control, electrieitvhTt ° f e l ectrica]I y 

many manufacturers as the medium** adopted by 
control. These electrical for automatic' 

to use either .alternating or dj^t'T *” designe<! ' 
voltage from HO to 250. d 4 Current at any 

wero S ex7etly P a,to' y Col2 ? 0Ver } 1 ^ ever built 
another as regards'theTe^uT ° f My one with 
automatic comSstion contoo/ T**®®* of an 
prising Jack 0 f standardisation. ^Natarallwh & SUr ' ' 

aa * -*s zs 

with dia” of 2e^ nCe , 6pecifica tion togethe 
here. S * VBraI typicaI syst ems will be given 

st^ a prSr^e^ U i!Z t ted Ua ^ d n by variations in 


fr0m normal conditions ^TiS? 06 a . U f. make adjustments 

lagging, damp^al, or an irregular supply of h coal i<>nS <Saused bv 

while other^ouS 1 “aintata a constant output 
and minimumstops to limit the iange of output “ Pr ° Vided wi * h maximum 

"5 -i " 


_ ntUM 

“ntrcller 


wauce# draft 

"EDUCATOR 


Fustaec dtUrr 
COKTROuSl 



STEF -1 pressure 


-MASTER UMOIMS « 
Line fAIRI^ 


■*- OTHER 
IMIICR PANELS 


INDUCED 

wSulator 



Hagan combustion control system 


* 








Conclusions 


ko OTHER 
EOfCER 

masters 


ri>lCEO SRAfT 
PECULATOR 


^Smoot combustion control system 


radiate the controls <5f fuel and draft Th* „ * , 
performance in general is as follows? " ***** 


*—i MM And 

a regulatn^orlce OTUroltogto mporK wUcil “*“»*« 


ex^ e ted U Cman tovitment fnauf' T™ may be 
control often is asked Tt. Uto ” la . tlc col »bustion 

involved than toe queston Tl' 3 

expense as high as 4 nC Sa ^ ngs 1U operating 

Rarely, however has ft K ent kave been reported. 

C o^at^^t^ Cie 

on^the “ *“«“ S0My ' 

In fact its instaliaS o7Z V bS^r^n^ 

important of these advanto«*are: Amongthe more 



The uniform loading of all boiler units. 

Instant response to changes in load 

r“:!°^“ dalPl ™ »™» at all times. 
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A «,aw VWUO „ s at au times. 

A ready meansofproviding for gafto-v,.# , 

Interlocking pf auxiliary equlpiSentf ^ * * 0pcration ^gh sequence 


•% 
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rt* ft * 

jposed Definitions 
Power System Terms 


r . Definitions of terms used in ; sta- 

* and interconnection studies have been developed 
by ^special comipittee functiqning since 1930. This 
<• subject committee was organized at that time under the 
auspices of the r subcommittee on interconnection and 
stability factors of the committee on power transmis¬ 
sion and distribution, to devblcfp some definitions of 
terms used in stability studies. Later in the same year, 
sf joint interconnection committee, with F.C. Hanker, 
as chairman, was formed with representatives from the 
committed on .power generation, protective devices, 
and power transmission“and distribution; and the work 
of the subject committee was continued under the di¬ 
rection of this subcommittee. Likewise, the scope of 
the definitions was increased to include terms used m 
interconnection as well as stability studies. The report 
. r of thls worlds submitted in five general divisions: 

f r r 

1 . Interconnection, terms 

a. Stability terms * r 

3. Active power and reactive voltampere conventions * 

4. Synchronous machine quantities 

, 5 - Response of excitation systems * 

In' the preparation of this report, the subject com- 
mittee reviewed the technical literature, particularly 
publications of.the Institute, and consulted representa¬ 
tivemembers of the committees of the Institute in order 
to obtain terms and their definitions which would be in 
accord with common usage and preferred practise in so 
far as possible. Attempt has been made to select terms 
„ which are descriptive of the subject. The general field 
covered by these definition^ is indicated in the .par* 
^phs ioUowmg. It is hoped that all interested parties 
wi bedome acquainted with these definitions and will 
express themselves freely on controversial points. 

• • 

Interconnection Terms 

+^ In A t ?V2i tnp0sium 0n intercon hections presented at 
tne A.l.iii.E. summer convention in Asheville, N. C. 

June 1931, several interconnection terms Were used for 
the various power quantities which may flow between ' 
interconnected power systems. It seems desirable at ! 
this time to propose definitions of these terms before too ! 

m !? y I OOSe / Xpr ^ SS10 ^ con * into &*** ^ In the re- i 
port, therefore, definitions of terms are presented which . 

^ 3 S°S^ ti 0 nS i° f Power System 3 

nitions H tt Oaio h • re P° r ^ Uie subject committee on defi- •( 


ar^ descriptive and cpver practically the field in its 
entirety. . The variojis^types of active power and reac- 
- tive voltampere are defined. 

► f r- - f 

> r Stability Terms 

r 

r o 

A number of papers with varying phraseology and a 
resulting confusion of terms have been presented before 
the Institute- on the problem of stability of power 
systems. The subject committee has endeavored to 
[ r recon cile the opinions of the several authors into a set of 
* t f ms and definitions which will satisfy the requirements 
of power systems and the automatic devices used to 
control them. r Aftef* consultation with several of these 
authors, definitions are recommended for the various 
stability terms. * 

Active Power and Reactive Power Voltami'ere 

Conventions 

r 

« * 

The convention of plotting active power and reactive 
voltampere quantities is somewhat arbitrary and does 
not depend upon a strict mathematical basis. The 
plottang of active power usually is taken as positive in 
e direction of power flow from a generator, but the 
plotting of reactive voltamperes has not been so obyjous. 
To date, th& r international committee of the Interna¬ 
tional Electrotechnical Commission, as well as the pres¬ 
ent subject committee have been enable to reach an 
agreement upon the convention to adopt. Meanwhile 
the subject committee presents an arbitrary choice to 
foster discussion with the understanding that this choice 
will not prejudice further action. The proposal con¬ 
sists of using the complex quantity P - jQ to represent 
the active power and lagging reactive voltamperes such 
as supplied by an overexcited synchronous generator, 
ihere has been considerable discussion as to whether 
or not P + jQ should be used because R + jX repre¬ 
sents an inductive reactance. « 

9t ' 

Synchronous Machine Quantities 

4 

Synchronous machine quantities are used in calcula¬ 
tions for short-circuit currents, relay settings, stability 
studies, and the like. Both saturated and unsaturated 
values of these quantities are used in practise depending 
upon whether currents of very high value or of normal 
value are involved. The reactances as well as the time 
constants of synchronous machines are influenced by 
saturation. Since, in general, saturation effects have not 
as yet been sufficiently investigated to determine these 
constants for varying degrees of saturation, definitions 
are presented applying to any degree of saturation, and 
methods of determination by test applying to as great 
a degree of saturation as possible*. Where alternative 
methods of test for reactances are given, care should be 
►exercised m choosing the method for a particular appli¬ 
cation since they are not equally applicable for all de¬ 
grees of saturation. A r^sum^ is given of t]tie methods of 
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conditions. cal ™Iatiods of, system operating 


Response op Excitation Systems • 
tJrn^r^SbmL^ SPeed ad “»” systems 

exd “ ty of d ™^ p t”S;T^- 

there D OTtdpfit t0 0verexcite th » main machines In 
requirements ^ pr0p « d which ™et these 

. " hile m ™y of ^ definitions proposed by the sub- 
ject committee may be considered arbitrary, they Have 

G^nerTadoott'ofiH 6 b ? of ^Ctol 

tnThaU P f these terms and definitions will lead 

of conW,n°ZS 011 r** 8 with less possibility 
questions oontroversy in legal and technical 


Engineering 
Supersedes Tradition 

The engineer, having' Ihamed lhat action is 
best based upon the fullest and most accu¬ 
rate determination of facts possible, is said 
to be the type now needed by the world. 

This is the seventh article in The Engineering 
Foundation s symposium "Has Man Bene- 
nted by Engineering Progress?” 


By ' 

C. F. HIRSHFELD 

Associate A.I.E.JS. 


Detroit (Mich.) 
Edison Company 


M, 


i " ▼■EN whose procedures have been 
based mostly on precedent and tradition have for many 
generations had theraffairs of the world in their hands 7 

bXlt SCOTer that J the yiews and methods developed 
by these men are inadequate in that they do not mea¬ 
sure up to present requirements. While this condition 
b g reaped a new group has developed which 
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tara- within recent years has altere'd greatly many* of the 

S 2 aagr*r£r g 

=hine broader sense than is frequently^vSTXU f 

* mg engineer, is'a scientifically trained business man but the 

scientific training is of a variety. “5 hta M 

ems ^of tourfTT’ N he , engin6er ’ represents a new 

tbe ,. f acts Possible at thS time and ubdsr.the erven" con 
In 'ditions. He endeavors to hold himself clear of the in- ' 
18B ® fiuence of preconceived ideas traditions A - • , 
ruies-of-thumb ’ d ns .’ Precedents, 

2 

about th»« X / r t ff“ n 8‘ to appear at just 

ts Xsh 7 i ^ 0rId r needs what they are equipped 

assuminv that X b& 3 faCt ’ 0ne might be Justified in , 
ssummg that the recent rapid and widesnrparl annaor 

f"theT™e eVel ° Pm n n !; ° f tbe engineer itldiea ‘es thathe " 
or 7 needed t0 cany 0S1 human ^velopmenf * 

SSSfiST" " * "f“~ -S™ 

lamconvipced of one thing: At the present minute 
A- 38 much in need °f individuals trained and 
, X and *° ,6ad where such f“te . : 

* that hv TJ en/thmg else. I am convinced also 
that, by trainmg and habit of mind, the engineer is 

sing le a 0 „ D t0 ™X k T X 3 i<>b thaiUs any ° ne other 
single group. By this I do not mean that I believe the 

gmeer is capable of determining unaided all of the 

comp lex variety of facts that must be uncovered if we are 

have to e cXl COn fT 8reatiy; 1 — that hejl 
have to call to has aid others skilled in special fields- but 

, , f v , e he 18 best fitted {0 assemble and direct skilled" 

“"""<*>• Ev.„ , llt „ t ,„4„ 

evolutionary. If we have now arrived Hi of • 

our development at which we recognize the desirability 
of resting action on a factual baaisf^e are nofgdng to 
jump from here to there in the twinkling of an eye g On 
the contrary, we are going to go our plodding wav ex¬ 
perimenting, arguing, discussing, and more or'w 
applying and accomplishing, until years or generations 
hence our successors will be controlling tiif“o 
humanity by this more rational method. 

the editors will bSppy to^i^comiiente 16 Ensineerlng Foundation^ 
discussions pertaining to this or other artlcl^l7;SS° nS ’ Cl ' itlc!sins * or 
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.. A Self Stabilizing • 

- .D-C. Welding Generator 


This new*machine needs no external reactor, * 
but employs a special field winding to com- , 
pensate for resistance fluctuations in the 
^welding circuit/ it is completely self-con¬ 
tained and fs self-excited. Provision is 
made for obtaining fine adjustments of cur- 
rent by'simply shifting the pushes. 


By o. 

K. L. HANSEN 

Associate A.I.E.E. 


K. L. Hansen Engg.” 
Oo., Milwaukee, Wls. 
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c r *VHD EXPANSION of arc welding in 
recent years has served in an ever increasing degree to 
focus attention upon the design and operating charac¬ 
teristics of arc welding generating equipments. Up 
e until a few years ago the d-c. arc welding circuit in¬ 
variably constituted a welding system rather than a 
welding generator. This applies’ even to the variable- 
voltage individual-operator sets as well as to the* 
constant-potential multiple-operator equipments. Gen¬ 
erally speaking, the so-called arc welding generator does 
not possess all of the characteristics required* for arc 
welding and to compensate for this, external auxiliary* 

' devices of one kind or another are resorted to. The 
generator described in this* article is designed to have 
inherently all of the characteristics required for arc 
welding without c the assistance of any external auxiliary 
apparatus whatever, and therefore is in every respect 
an arc welding generator. 

Resistance Characteristics op Arc Welding 

V Circuit , 

* 

• R is well known that the negative resistance charac¬ 
teristic of the arc m'akes it inherently unstable when 
operating from a constant potential circuit. To over¬ 
come this instability, the circuit must have a drooping 
volt-ampere characteristic; that is, the voltage must 
decrease with increasing current. ! Therefore individual- 
operator welding generators are designed to have a 
drooping volt-ampere curve. It is well known also 
hojrev^, that when welding with a mild steel electrode! 
® lther bare or lightly flux-coated, the are voltage drops 
to zero aft more or less regular intervals whenever a drop' 
of molten metal goes across the arc. 

.; dihiRg wMch the arc remains short-circuited 

is quite short, being of the order of from 0.01 to 0 02 
sec. Average time inteiwals between drops are approxi- j 

, ‘ R - ec6nt Developments In Design of Arc Welding Generators" ! 





STABILIZING 

-COMMUTATING 

WINDING 


SHORT 

-circuited 

winding 


SHUNT 

-field./ 
WINDINGS : 




9 r r 

Fig. 1. Complete stator of self-stabilized arc 
welding generator with all field windings in place 

r *• 

mately from four to five times the length of time on 
short circuit. The resistance of the metallic arc, there¬ 
fore, varies rapidly between zero and a value which will 
make the potential drop across the arc at normal weld¬ 
ing current equal to the normal arc voltage. 

Variations in arc resistance resulting .from metal 
transfer across the arc are'much wider and much more 
rapid than those caused by the arc’s inherent negative 
resistance characteristic. Because of the predominating 
character of these resistance fluctuations, the circuit to 
which an arc welding generator is delivering energy con¬ 
sists, from the standpoint of generating equipment, of a 
resistance which is periodically being short-circuited at 
a rate of from ten to twenty times per second. 

Trend in Design* 


Importance of minimizing the momentary current 
fluctuations, or transients as they frequently are called, 
is discerned clearly in the most recent modifications in ' 
the design of arc welding generating equipments. Pub¬ 
lications which have appeared lately on the subject 
indicate that considerable effort has been directed 
toward that end. For example, an some makes of 
apparatus the well known reactor which has been used 
extensively to smooth out the current fluctuations has 
been modified to utilize impulses from it to speed up the 
ux changes in the generator fields One such modifies- 

• r ' > 
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fejf, t , hese Edifications of the reactor have re- 

j. e,imi n ating the e " stabilizer 

^ general| y; however, to accomplish 

provWedwlh^r® 6 for stabili ™8 the arc be 
provided within the generator itself. On the basis of 

ontdTd th t at r an Cn T, faCt t‘ hen ' !t PtobaM bl 
whiA: * ld weldag generator is one in. 


sxsxis ssssss^^ -—— 

to quicken mSSi'S thot! ® ,,<l,M oril<iid 

resporaire to changes In the extonial resistance!* 7 the macllln e more 

wwwu * res ° ra " s *» ■* *«*- 

eliminated without 

5. Desirable arc characteristics are obtained over the whole range. 

A generator which in the author’s opinion fulfils Ahese 

requirements now will be described briefly. 


MAGNETIC 

BRIDGE 



FLUX OUE TO 
STABILIZING 
WINDING 


FLUX DUE TO / 
ARMATURE CROSS 
MAGNETIZATION 


.SHUNT COILS CONNECTED 
TO AUXILIARY BRUSHES 


SHUNT COILS 
CONNECTED TO 
MAIN BRUSHES 

UPPER POLE 
PUNCHING 


LOWER POLE 
PUNCHING OR 
POLE SHOE 


Fig. 2. Cross-section qf generator main pole with 
the two shunt windings in place 

Attainment of the first two objects enumerated has 

faUn o-wWl . possl b^ e by a novel design of the comma- 
n g ndmg, shiint windings, and main poles; and by 
. dll ?f a special winding consisting of one turn short- 
“ ed ' upon it « eIf * The armature is simSr to a 
stantod d-*t. armature, except that it is wound with a 
relatively large number of turns and has a correZnd- 
mgly large number of commutator bars. In arc weldimr 
generators this is desirable for several reasons as will be 
shown m the following discussion. • D 

With a large number of turns on the armature it is 
«coW generally that a comparatively grJchange 

the h fieWfl“ nal I ? ^Itage requires only a small change in 
w d this makes.the machine responsive to* 
external resistance variations. With a highnumberof 
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commutator bars, the volts pe? bar’is low, which be-’ 
<^mes a marked advantage in connection with the 
scheme °f excitation to be described later. 

all p n oL g ard fil° Wn ^ fidd rfng ° f the ™torwith 
t i S Wlndmgs ln P laee - may be noticed 
d woun ^ m tbs. usual way on the 

exteXrftn^ P h 06S ’ ^ cpmmutatiflg coils have been 
“ang^’ “ dc °7 Iete T “"bedded within, the main 

*£5 ^t cns^SitS“ ■' 

polemSlu Js emplo ^ d ™ commutating • 

«Jwr^ 0d ° f ^ emb I in £ ^e pole flanges’ around the 
no * w 1 mcbn £ C f ,n he observed readily from Fig 1 
assisted perhaps by reference to Fig 2 * As mav 'hJ 

noticed the pole is made up of two pSts tLtpS 

eoi” whmh haL°ht he genera i dr '- frame - Th « .stabilizing 
cun, wmcn has been wound and fnrmfcri +Z & 

Z7ZZ ;- 2 

S boltel toThe ^ ^ P °' e 81106 “ PUt “ Place 
d 1 the upper part * Thi » Part of the pole 

?u7an?the C C m H 0n “ agnetic path for the stabilizing * 

’ ZZ^ o T armatUre cross-magnetization. 

Ztt Un M°:- S by a magnetic bridS ' lSe 

functidn of this arrangement and of thfe short-circuited 

ta of thetel •“ ^ di “ n of a - q C S^ 

I \ eiectric and magnetio circuits. It may 

t b , p ” * ed “ ut here, however, that the aidal length of 

.tassatatir-tSs - 

Excitation and Current Control 

The well known reentrant volt-ampere curve nf +h* 
stomt generator is not at all suitableTr Welding - 

current Z esse ?b la i that the permanent short-circuit 
current be equal to or greater than,the welding current! 


ROTATION 



/ MMF OF STABILIZING 
J WINDING 


b* 0 P°'« of senerator. 
Note relative position, of main and auxiliary brushet 
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AMPERES 


Fig. 4. Volt-ampere 
characteristics and 
auxiliary brush volt¬ 
age for different 
brush positions 

Main and'* auxiliary 
brushes are shifted to¬ 
gether without altering 
their relative positions 




For that reason some source of excitation must be 
available even on short circuit when 'the voltage across 
the main brushes is zero. Reference to Fig. 8 will show 
how this is accomplished. 

In addition to the main brushes, the machine is 
equipped with two sets of auxiliary brushes spaced from 
50 to 60 elec. djgg. ahead of the main brushes. These 
excitation brushes have an unusually high contact re¬ 
sistance and can handle without commutation difficul¬ 
ties a much higher 1 voltage per bar than ever is reached 
in these generators (which, as already pointed out, is 
unusually low). Line A r represents the no-load field 
form, part of the negative portion of which is taken in by 
the auxiliary brushes. The voltage*aeross the auxiliary 
brushes on open circuit therefore is proportional to the 
rectangle BCDE. The question that arises now is, 
“what will be the situation under some load conditions, 
for example, on short circuit?” First assume that mag¬ 
netic saturation is negligible on short circuit so that 
fluxes are proportional to m.m.f s. Voltage in the shunt 
coil excited from the main brushes falls to zero on short 
circuit aftid the m.m.f. of this field is reduced to line F. 
In addition, a direct demagnetizing force from the arma- 
tore reduces the m.m,f. on the. field still further to fine 
H. The remaining m.m.f s. are those due to the arma¬ 
ture cross-magnetization and the stabilizing winding. 


Distribution-of fluxti* the air gap under the main 
poles is- not affected, directly by the m.mi. of the sta¬ 
bilizing winding, but r is .affected indirectly by this’ 
^m.m .£ when the pole shoe becomes saturated. Neg¬ 
lecting that for the f moment, the flux distribution is the 
resultant'of the net m.m.f. of .the field and the m.m.f.'of 
armature cross-magnetization. This is shown in Fig." 3 
as a dotted line; the.area included between this line and 
the bas£ line, and lying above the base line, represents 
positive flux,"similarly, the area below the base line 
represents negative flux. Thus upon short circuit, con- 
r siderable positive flux still exists between the auxiliary 
brushes, whereas the net positive flux between the main 
brushes has been reduced greatly. 

• When the miin and auxiliary brushes*are shifted for¬ 
ward simultaneously, two phenomena become pro¬ 
nounced: The armature demagnetization is increased, 
and the voltage on the auxiliary brushes is decreased, 
both of which tend to reduce the current. Thus a wide 
variation in current can be obtained with a relatively 
small shift of the brushes. Actuajly the brushes are 
shifted by means of a micrometer screw arrangement, 
making possible minute gradations of welding current. 

A £et of volt-ampere curves of a 300-ampere welder is 
shown in Fig. 4. For the larger current values the volt¬ 
age on the auxiliary brushes remains practically con¬ 
stant up to about normal current for that setting, rand 
then drops off somewhat at short circuit. However, 
even at short circuit the auxiliary brush voltage is high 
enough to maintain a sufficiently large value of short- 
circuit current. For lower current values, the auxiliary 
brush voltage tends to remain substantially constant 
even at short circuit. 

When the pole shoe, which as mentioned previously, 
carries the flux of both the stabilizing winding and the 
armature cross-magnetization, becomes saturated, the 
air-gap distribution and consequently the compounding 
of the auxiliary brushes are affected thereby. Satura¬ 
tion of the pole shoe can be modified, however, by intro- j 
during air gaps in the path of the stabilizing flux, as for f 
example at points G in Fig. 2. 1 
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actions between the various circuits during, transient f 


STABILIZING COMMUTATING 
WINDING 


lio 



■SHUNT FIELD EXCITED 
FROM AUXILIARY 
BRUSHES 


\y 


.SHUNT FIELD EXCITED 
FROM MAIN BRUSHES 


Fig. 5. Actual wir¬ 
ing diagram of weld¬ 
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Fig. 6. “Equiva¬ 
lent” diagram of 
generator and*weld¬ 
ing circuit (right) 
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“sho^fn the S^tor 

ib snown m Rig. 6. It* should ba understnnH fW +ui* • 

“ tUal o^tV:-i eui“^ 

Fig. . 5) the separation of the armature crosLmac 

common magrfetic eireuit, the pole^hoe, betw2n t h e m 

h ®, a ™ atu y e demagnetizing turns are shown opposed 
to the two shunt fields and it should be obeyedTat 
the flux within these turns is responsible for the voltage 

the mudha^fieJrf 8 ' • ^ magnetic cireuit ’ “circled by ’ 
tne auxiliary field winding, is thesmain pole bodv and 

fckl”nTmain b fielf * i “ terposed 6etwe '“ the auxiliary 
neid and mam field windings. In the absence of satura 

Indthetwo^ QXists betw6en the stabilizing 

and the two shunt windings, so they have been shown as 

having separate magnetic circuits. 

The two shunt coils are excited in the same direction- 

Me X; ““ 2* m r pole b ° d ^ TZ: 

cilcukZd^T -^^ the magnetic brid « e on open 

cmt and this m the direction indicated by arrow a 
On short circuit the m.m.f of the main field mndtaXis 
appears and an opposing m.m.f. of armature demag¬ 
netization appears. Now a large amount of flux pass® 
across the bridge, but in the direction of arrow t • that is 
instead of reducing the flux in the main pole body (which 
mter mks ™th the auxiliary field winding) almost 


sts l n building up'the'main' 
nux. With this method of utilizing impulses from the 
me orcuit to speed up flux*ehanges in the field, no high 

suhXtX-^ 6 f" erated in an y omcnit at any time'to 

subject thdinsulation to undue strain. 

Some Tests qn the Ne^’Machine ' 

' f a W6 ? ding generator for momen- 
1*7 fluctuation and arc recovery is as follows* 

XTntatXvI ° n u r T tanCe I5ad to ^tain normal.' 
»XXi t , 25 " ts; sbwt-circuit one-half the resistance 
.and allow'current to settle; then suSd'enly opeTthe - 
short circmt and remsert the resistance in the eireuit. 


*_|__ ^530 AMPERES _ , 

25 VOLTS f --- I. ‘ 

, AMPERES ft, ___25V0LTS 

300 * L- 300 AMPERES 

AMPERES f— \ ~ ... 

272 -^- r ~r 

AMPERES . t 

-ZggO LINE TO CURRENT AND VM TAr.r | 180 Af | PERES 

SHORT-CIRCUITED . ]— Q3 SECONDS —*J 

AT THIS POINT RESISTANCE INSERTED 

• AT THIS POINT 

Fig. 7. Replotted oscillogram of test made accord- 
•ng to U.S. Navy specifications on 300-ampere 
welding generator • 

Dotted line represents currerit drop and recovery time 
permitted J?y Navy specifications 


all of it is diverted through the bridge. The result is 

™' l Tu St ° red in the au5dliar F fieId Ganges but 
veiy little as the terminal voltage varies. Advantages 

of eliminating the necessity for changing the energy 

. w obZ^ Wh6n th6 6Xtemal I " ht “ oe 

„.^°* mak6 S *! 11 faster the «®Ponse of the machine to 
Variations in the external resistance, the short-circuited 

WIad 'J 18 ‘ s “ ad f to form a link between the stabilizing 
mid the field windings. When the current in the sta¬ 
bilizing winding mcreases rapidly, a current will flow 

in « ,?f t ' C "Sn ited windin « whi ch assists in reducing 
the field flux. When the current in the stabilizing winch 
mg is decreasing rapidly, the transient current in the 

February 1932 * 
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Fig. 8. _ Oscillogram record made "during an actual 
welding operation with the new generator 
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The current momentarily drops below’normal and the 
torn of recovery is the time required for tXcuXnt to 

“ T thl f vif Cent ° f ' ts 0riginal va,ue - 

‘ *! St -j ° f ltt e vaIue because the resistance varia- 

of ^irrent M een0Ught i Cause an y noti “able depression 

chcdTthat rnX^X?° n r ? inserting the resistance 
, tnat is, not if ths machine is worthy of beine- 

temied an arc welding generator. . United States Navy 

specifications, however, call for the same test for aX 

recovery with the exception that ail of the eJstaXe 

“ * 

A replotted oscillograph record of a test made ae¬ 
on?* 1 ^ to the latter specifications at normal load on a 
300-ampere welds- of the type just described is shown in 
:**•7- J™ 6 dotted lme indicates the drop in current 
and the time of recovery permitted by the Navy specifi- 

Xtetoe Itma ^ h® “ oticed that whereas the Nary per¬ 
mits the current to drop to 180 amperes, for this ma- 

isXoX aU n dr ° ps L t0 onl F 272 amperes. In Kg. 8 
is shown an oscillograph record made when welding with 

a bare, mild steel electrode, and with an average welding 

“ “ —« J « 







A Corona Tube * 

* r r 

* ^ 

Voltage Regulator 

r r 

** r 

• A corona tube may be used to regulate tfcie , 

output of a full-wave rectifier and therefore r * 
# *° control the excitation of a generator to r 

give constant voltage. Performance curves r 
for a five-lev^ generator whose voltage is 
controlled by such a regulator indicate 
r aavantagesTover other types. 

f r ' f r 

_ r r 

* . By « 

H. W. DODGE New Jersey Bell Tel. 
r, Nen-member * Oo„ Newark, N. J. 

' r r • • 

C. H. WILLIS Princeton University, 

Member A.I.E.E. Princeton, N. J. 
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--o'* «na simplified 

corona tube and rectifying tube 


r , . V0LTAGE REGULATOR con- 

iflsts esseni^cdly of a.constant elemerit; an element' 
which varies with the voltage and which is balanced 
against the constant element; and an arrangement for 
using this balance to control the excitation' of the 
machine whose voltage is to be regulated. ' 

• , In t ] ie faD ^ iar vibrating contact regulator the mod¬ 
ulus of elasticity of a spring is the constant element. 
Actmg against the springes the pull of a solenoid 

5“ v “ dep f n ^nt upon the voltage. The forces 
due to the solenoid and the spring act on a plunger 
which operates a contact by which resistance is put 

out of the generator field circuit, thereby 
regulating the generator voltage. 

vibrating con-' 


r * 

1. Wear and stickiiig of the contacts, 

0? ^ oPMtoS aod doBlnc or 

' C S'SSS onSSte CU<,a> ’ to '>“ <*»= 

. Rec f nt ? y f IU ™ lber of new types of regulators has 
been devised. Almost any phenomenon which varies 
with voltage may be made the basis of a voltage W 
fetor, such as the saturation of an iron core reactor 
toe resistance of a conductor heated by the voltaS or 
the intefnal resistance of a thennionic tube whose 
fiiammt _ is heated by the voltage. The regulator 
desenbed below employs the critical voltage of a“ 
tube as the basic phenomenon. 

T he corona discharge tube e mployed consists of 

A.I.EJB, summer conyentfott, Asheville. N. O.. at ** 


r two symmetrical electrodes sealed into a glass tube 

contaunng andnertgasat a suitable pressure. Du! to 

the fact that the tube contains a definite quantity of 
gas constrained to a fixed volume, the mean free path 
, and therefore toe corona Voltage are practi- 

ally independent of toe temperature. Since roniza- 

! 6Iy , quicldy at a voltage above the 
mtacal value, the breakdown-voltage isalsoindepcndent 

mni 6 r TTl ’ f ? frequencies within toe commerciaf 
range. With toe electrodes surrounded by an inert gas 

n - th ^® ne ?¥ bIe disintegration of the 
electrodes during discharge; the breakdown voltage of 
the tube is constant and tie life vpry long. 

characteristics of the corona discharge tube 
C’tJcal voltage suitable for the constant 
element in a regulator. The fact that it regulates to a 
constant peak voltage rather than a constant effective 
voltage is not a serious disadvantage, for the variation 

f , orm , wlth load is not appreciable and there 
will therefore be a constant form factor. 

In order to control the excitation of a generator 
ma 7 pse ,,^ e charge passing through the corona 
C ° rona voItage t0 bias the'grid of a 
tabe and thereb y regulate the amount of 
reetafied current which will be supplied to the generator . 

tt-_ . n ^ u ty f. e °* rectifying tube may be used. 
f . ev - the high efficiency and large amplification 
^ g^etms^ tube, such as the thyratron, make 
this type of tube very desirable. 

^5,?^^ to explmii the principle of operation, the 
smphfied circuit sliojm in lwfil.be considered fe«t, 
r ? ® a PP be d to the anode and cathode of the 

ying tube will he assumed to be in phase wilh the 

'A-; v . V"•.• Vv-' 
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tube A has ’'’ The thyratron 

^ore non^ Iy .rdrrfeK;^in h T 

generator during the half wave LeftlL Lode °1 h ® 
IS positive, as indicate .hv i-u ne u n anode voltage 

Msa^aHPsSKsa 

“» —K* »,d», m ,hm " 

rive. However the grid biaHT £ m * f**, 

fisara&fit's^r?- 

St?„™ 

the breakdown value for tte^^tub. 01 * 36 * “ abOV * 

to il&iJSris?,£r «• ■*“ 

current may be reduced Jl»e, » 1 the avera « e 
maximum value because the fffTbi^rtheb if 

s^3r"sss=fi?M 

XJie circuit as described above will varv tbp pv^ito 
tion bv definite cfnna „„ j •n . me excita - 

exdtatibn W » P d , Wl11 » ve fluctuations in the , 
“2r of are r dUCed by °P® ni “8 and closing 
a LI • f °i a Vlbra ‘mg regulator. However if 

a fate sufhfhafrL^ 6 gHd biasing condeneer °f 
denser aL loot • ^ ? e COnstant C/S of this con- ' 

half wave then rhe^vi “*?*? t0 the P eri °d of one- 
reduced w rf? th f gnd ^denser voltage may be 

start. d The timeft wmtl^T^T th ® thyratron 
the gnd condenser, and this is determined by the exceL 


f r hS ^? tag ® ab0 ^ the' critical voltage of tire corona 

reeferi„any“a^l^2 v f d r b he<thyratr ° n 
' which is deteLned by thTexcess ofthe Llf “T* 
vi^tageL the cororatub&'fn^j^fo^ 

critical value will 

g~*V“ 

catthafthe/wofld ^rZfdom^th^ ” 3ym “ etrf - ’ 

ad n dwr tiVe d a “ dnegatiVe ha]f ~ toSj * 
eltinLe anTunXtLfalL * ^ ? “fP* * 

cause the coLna tTe fo i! com P onents of current and 
negative critical values. ' e same positive and 

the In thyLS at ;i re u L d o Mw - 

field current and theirfL to r?ctlfyi the entire 
an exS ^ ° Utput was used for the field' of 

_In this case a further difficulty arose in the time 
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Fit. 3 . Corona lube voltage regulator circuit for 
full-wave rectification 
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Fig. 4. Voltage regulation w «li variation in 
generator load 
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r taken on a five-kva. three-phase motor-driven alterna¬ 
tor 'excised from' a llO-jVolt motor-driven, exciter. In 
the curves, of Fig. 4 £he effects of load variation are 
shown while Ffg. 5 shows the regulation when the 
speed*of the driving motor is varied The oscillograms 
• in Fig. 6 shows thg "transient conditions when full lorid 
was suddenly thrown on the generator. 

This type of regulator would employ the same 
* methods of compounding and line drop compensation 
t r ' noW in use. It is believed that the simplicity, com- 
, pactness, high sensitivity, and quick response of this 
' corona tube regulator offer advantages over the other 
'types. 

r ( 

» r 


p 

r 

e 


Fig. 5. -Voltage regulation and rectifier output 
. With variation in exciter speed 



i» p 

* Fig. 6. Oscillograms of (1) load current, (2), 
alternator voltage, and (i) regulator output when 
suddenfy applying full load to generator 


Photoelectric Recorder 

r * 

Has High Sensitivity 

A new recorder has been developed which 
employs for the measuring and recording 
operations separate elements coupled to¬ 
gether by a combined optical, and photo- * 
electric system. Tests show that the n^w 
instrument is as accurate, sensitive, and re¬ 
sponsive as a good indicating instrument. 0 

By • 

C. W. La Pl£KRE GeneraTElec. Co. 

Associate A.I.E.E. Schenectady. N.Y. 


lag of the exciter and alternator fields in responding to 
a change in the rectifier output. This caused oscil¬ 
lations of the generator voltage of about the period 
of the time constant of the field circuit. It was found 
possible.to suppress, these oscillations by introducing 
into the corona tube circuit a transient of about the 
same period as the oscillations. This transient), is 
introduced by a condenser with a leak as shown at 
C 6 and R s of Fig. 4, such that CsJSs, the time constant, 
is about equal to L/R, the time constant of the slowest 
field circuit. 

The constants of the regulator circuit as used are 
shown in Fig. 3. The critical voltage of a corona tube 
with given dimensions and gas pressure may be pre¬ 
dicted from the data giving the corona voltage of the gas 
to be used. The tube as used contained argon at a 
pressure of two centimeters of mercury, The elec¬ 
trodes were parallel wires 0.25 mm. in diameter and 
separated 1 cm. The critical voltage of this tube was 
approximately 350 volts peak value. 

The results shown in the curves of Figs. 4 and 5 were 


S SOON AS an instrument is de¬ 
veloped which is capable of indicating the value of any 
quantity, attempts usually follow to make its function 
partly automatic by having it record its readings. Ordi¬ 
nary direct-acting recorders are the heavier and higher- 
torque counterparts of corresponding indicating in¬ 
struments; although such recorders have Sbme highly 
desirable characteristics, such as rapid response arid the 
furnishing of a continuous record, their sensitivity can-, 
not be made to approach that of indicating instruments. 
In othfir cases it is desirable to utilize the instrument for 
controlling the indicated quantity, These additional 
requirements involve the performance of mechanical 
work but in many cases the necessity additional energy 
is not available from either the instrument or the mea- 

t j 

. . — ■ 1 . , ‘ • . 1 

Based upon “The Photoelectric Recorder” (No. 32-15) presented at the 
A.I.E.E. -winter convention, New York, Jan. 25-29,1932. 
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sured circuit. Thus in thq pa^'the application of indi¬ 
cating instruments to*recor dinged control operations 
’has not been possible beyond certain limits. . 

The photoelectric recorder described in this article’ 
combines all of the advantages of direct-acting Recorders 
with those of the most sensitive indicating instruments. 
This is accomplished, by providing a separately excited 
recording element to do the actual .work of making the 
record. A sensitive indicating instrument controls the 
position of the recording -element so that "the record ob¬ 
tained represents the readings of this basic instr um ent. 
The loss in the sensitive basic instrument is the only 
power required from the measured circuit. ' 

A combined optical and photoelectric system is util¬ 
ized to link together the'basic and recording elements of 
this new instrument. The basic element itself rotates a 
galvanometer mirror through an angle corresponding to 
its reading, and can be made even more sensitive than 
the usual indicating instruments of the pointer type. 
Furthermore, the recording element may possess as 
much torque as required and be made as heavy and 
sturdy as desired without affecting the basic element or 
measured circuit in any way. As a result, the photo¬ 
electric recorder possesses all of the desirable character¬ 
istics of direct-acting recorders, and at the same time is 
capable of a sensitivity and a rapidity of response equal 
to that of the highest sensitivity indicating instruments. 

An interior view of this new recorder is shown in Fig. 

1. The instrument is completely self-contained and re¬ 
quires only an auxiliary power source of 115 volts, 60 
cycles ;Jt is available for either portable or switchboard 
use. Internal parts of the recorder may be grouped into 
five units: (1) the basic indicating instrument or galva¬ 
nometer; (2) the optical system; (3) the recording ele- 


mSnt; (4) the chart carnage; ^nd (5) th% powdr unit.* 
The basic instrument is the only measuring device 
within the recorder. It may be similar to almost $ny 
ordinary indicating instrument or galvanometer ele¬ 
ment, but the particular basic instrument used deter¬ 
mines the sensitivity and rapidity of respo ns e of* thh 
resulting recorder. , * 

schematic diagram of the optical system may be 
^een in Fig. 2. In general this arrangement comprises a 
group of reflectors so arranged that an aqgular displace- 


Photo^icc-tric tub's.-* 

,LLqht divldlnq r -L 

raflactor * 


MLrro r %£tachad 
to shaft of 
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tube. 
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Fig. 2. Optical system 
used in the photoelec¬ 
tric' recorder; plan view 
shown at the left 



Fig. 1. Interior view o£ one type of photoelectric * 

recorder with chart carriage tilted out V 

^ «* - 
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ment between the recording and basic elements will 
cause a shift in light distribution between the photoelec¬ 
tric tubes, which in turn reacts on the recording element 
to reduce the displacement to zero. Thus the optical 
system acts to maintain the recording and basic elements 
in the same angular position at all times.' How this is 
accomplished may be determined by inspection of Fig. 
2 . The important reflectors are: Hie basic element mir¬ 
ror A, the curved reflector B, recording element mirror 
C, and finally, the dividing reflector D. „ 

The recording and basic elements usually are mounted 
on the same axis, or very nearly so, although this is not 
necessary for successful operation of the instrument. 
The lamp and condensing lens converge a beam of light 
upon the basic element mirror A from which it is re¬ 
flected to the curved mirror B. The point where the 
light strikes mirror B will depend upon the angular posi¬ 
tion or “reading” of the basic element, but regardless of 
where it strikes £ it is reflected to mirror C attached to 
the shaft of the recording element.. From C the beam 
is reflected to D at an angle depending upon the angle of 
reflection from B and also upon the position of the re¬ 
cording element. When C and A are parallel, however, 

the light will split evenly upon the dividing edge D; this 

; * * , *. 
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holds regardless oi the actual positions of A and C so 
long as they are parallel to each other. If they'are not 
• * in this parallel position, the light will strike to one side 
* of the edge of D ; more of it thus will pass into one photo¬ 
electric tube than into the other and cause the recording 
element to turn until A and C are parallel. Relations 
between the various angles of incidence and reflection 
•. are shown in the plan view shown in the lower right hand 

comer of Fig. 2; by slightly displacing the mirrors from* 
their true positions, the different paths of light carf be 
1traced readily. 

Power to operate.the recording element is controlled 
- by the photoelectric circuit (See Fig. 3)/ 0f greatest 
importance is that part of the circuit beyond the field* 
ceils of the recording element. A portion of the d-c. 
voltage r acfoss the field coils is applied to the three-ele- 
„ ment pliotron tube; the plate currefit of this tube passes 
through the .recording element armature connected in 
the filament side of the circuit to permit grounding one 
armature lead. Another portion of the voltage across 
the field coils is applied to the two vacuum type photo¬ 
electric tubes which are connected in series with their 
, common junction connected to the grid of the pliotrom 
r This circuit possesses very high "sensitivity to changes 

- in the distribution of illumination between the two tubes 
c so that the slightest unbalance of light in either direc> 
tion between the tubes will throw the grid voltage to one 
extreme; a slight unbalance in the opposite direction 
will throw the grid voltage to the opposite gxtreme. 
These extreme grid voltage swings occur, far too fast 



•» recording element 

• « • 

under normal conditions to make the circuit useful for 
purposes of recording. However, the response of the 
circuit may be made as slow as desired without sacrific¬ 
ing the high sensitivity and its obvious advantages. 
This is accomplished by inserting a capacitor and resis¬ 
tor in series between the grid and filament of the plio¬ 
tron tubfe. With these added to the circuit it is neces¬ 
sary to alter the charge upon the capacitor before the 
grid voltage can change, and the time lag of this pro¬ 
cedure may be adjusted to any degree by changing the 
value of the capacitance. Without the damping capaci¬ 
tor and resistor violent hunting would take place be¬ 
tween the recording element and the photoelectric 
circuit, whereas with the damping circuit in use, all 

lie ■ y.-v. 


* f . • 

tendency to btaht or overshoot can’be eliminated 
completely. . • 

# • The recording element rtlay be any ordinary sturdy 
unit which will produce sufficient torque from the out¬ 
put of thp pliotron *tuhes. Likewise the inking system 
and chart carriage*may be of conventional design. • 

*, Accuracy . • 

• * . ' . 

In any new instrument all possible sources of error 
should be investigated carefully. The mere mention¬ 
ing of a possible source of error, however, should not be 
interpreted in any way to mean that that particular 
spurce is an inrportdht one; in. fact all known factors 
which might affect the accuracy of the instrument are 
mentioned mainly* for the purpose of showing how ex¬ 
tremely small are their possible effect. 

Variation in the supply voltage does not affect the 
accuracy of the photoelectric recorder within rather 
tfide limits. Voltage changes are automatically com¬ 
pensated for by corresponding changes in the recording 
element current and thus produce no discernible effect 
upon'the record. Changes in vacuum tube character¬ 
istics also are automatically compensated by the circuit 
in the same manner as are voltage fluctuations. Changes 
in lamp illumination caused by variations in the supply 
voltage, deterioration of the filament or blackening of 
the bulb, ordinarily do not produce any effect upon the 
recorder during the life of the lamp. jChanges in illumi¬ 
nation also may result from the reflectors becoming 
dusty or fogged. These variations in illumination may 
cause a noticeable slowing down of the operation of the 
instrument but do not affect its accuracy in any way. 

Variations in photoelectric tube sensitivity may be 
cited as another possible squrce of error. Proper design 
of the optical system however has reduced tiie effect of 
such changes to a secondary and negligible order of 
magnitude. It has been found that errors due to this 
cause are limited at most to a few tenths of one per cent, 
and this only aftSr a considerable period of time. Re¬ 
setting the instrument on- zero at occasional intervals 
would eliminate the possibility of even this small error. 
Other possible minor sources Of error include vacuum 
tube grid currents, photo tube dark currents, and leak¬ 
age currents in the grid circuit. All of these tend to 
react in the same manner as changes iff the photoelectric 
tube sensitivity. The magnitude of all stray currents, 
however, may be reduced without difficulty to from one- 
tenth to one-twentieth of the actual control Current, so 
that the effect is entirely negligible* * 

Upon the basis of the foregoing it may be said that a 
photoelectric recorder is practically self-compensating 
for all normal changes in supply voltage, lamp illumi¬ 
nation, and vacuum tube and photoelectric tube charac¬ 
teristics. Tests made so far indicate that this recorder 
has a sustained accuracy dvdr long periods in the same 
order of magnitude as would be expected from a high 
grade indicating instrument. 
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The Kindling :pf 
•; Electric Sparkover 


Experimental evidence is presented which 
tends to prove that electrons and not protons 
or positive ions are the active carriers in the 
spark kindling mechanism and that Lichten- 
berg figures form the initial step in the 


• « 


pole is in front of the .printed page/andV indicating* 
the reverse. 

A graphical representation of the path which an elec¬ 
tron would follow on the emulsion surface of the plate 
in passing from the negative to positive electrodes undo- 
combined stress of dielectric and magnetic fields is given 
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Fig. 1. Cross-section of air-tight plate-hofder 


. • —rLECTRiC SPARKOVER and the 

kindling mechanism by which it takes place recently 
has become the subject of much discussion. Results 
of investigations already made furnish ample evidence 
that* the process is extremely complex and that the 
speed of formation is in the order of iO 8 cm. per sec. 
instead of 10 4 or 10° as previously thought. Many 
factors such as polarity, shape of electrodes, ionization, 
space charges, voltage gradients, air pressure, and 
temperature, also are known to affect the process. 
Although previous investigators have been able to 
throw some light, upon certain phases of the initial 
or kindling stage a comprehensive explanation of the 
complete process still is lacking. 

The investigation described in this article presents a 
new method of approach to the problem and the results 
furnish additional information concerning the kindling 
period, that is, the first few microseconds of the spark¬ 
over process. Apparatus 9 used in the* tests has been 
described previously (A.I.E.E. Trans., Vol.. 49, 
1930, p. 1384). It consists essentially of a specially 
designed air-tight photographic plateholder (see Fig. 1) 
which is placed in the field of a powerful electromagnet. 
Voltage impulses forming the Lichtenberg figures are 
impressed upon two electrodes the ends of which are 
held in contact with the sensitized surface of the photo¬ 
graphic plate. The apparatus is arranged so that the 
field of the electromagnet is at right angles to the plate 
the desired pressure inside being maintained by means 
of a vacuum pump connected as shown. To simplify 
the discussion and particularly any references to illus¬ 
trations, the direction of the magnetic field will be 
designated by the letters & and N, S indicating that the 
plate-holder was placed in the field so that the south 



Fig. 2. Graphical representation of electron and 
proton . paths between two electrodes under the 
Combined stress of dielectric arid magnetic fields 


* 


in Fig. 2, direction of the magnetic field being as su med 
as S. 


From ‘‘The Kindling : of Electric Sparkover Based on Lichtenberg* 
Figures,^ (No. 31-123) presented at foe A.IJ5.E. Pacific boast convention 
LaJce Tahoe, pallf., Aug. 25-8, 1931.■ / A ’ . • 

February 1932 ' f 


Consider an electron projected from the negative' 
electrode under the given conditions and pag«mg 
through the point a midway between the two electrodes/ 
The electrostatic force of repulsion from the negative 
electrode and attraction to’ the positive electrode 
combined with the reaction from the magnetic field 
at right angles to the direction of motion, will cause 
- the. electron to move along a. path similar to that 
indicated by the solid line. It is evident that under 
the combined action of the dielectric and magnetic 
fields the paths of all electrons falling into the positive 
electrode will move in paths bending in the counter¬ 
clockwise direction, with reference to the positive 
electrode.- Hence, if electrons be the active elements in 
the sparkover process the path followed by the spark 
should have a double inflection as illustrated by the 
full line m Fig. 2. Qp. the other hand, if positive ions or 
protons be the hetive elements in the sparkover mecha- 
nism the path followed by the spark likewise should 
have a double inflection;^ buf inust be curved in thereverse 
direction, as indicated -by th#|broken line in Fig. 2. 

•. • • " ' A.' "• • ! v; ** *• * •. ** • ’;*.* . • 
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Deflections of the sparkover path therefore can be 
used as £ criteria in determining whether electrons or 
prdtons are the active elements in the sparkover process. 

On the basis of the foregoing discussion consider the 
thr§e sparkovers recorded in Fig. 3. In 6 the field di¬ 
rection was S, the same as used for the diagram in Fig. 3 . 
The sparkover path has a double deflection exactly 
like that of the solid line curve in Fig. 2. In a arfd c 
the direction of the field was N, that is, reverse^ as 
compared to the direction in b; deflection of the spark¬ 
over paths in a and c also are reversed as compared to b. 
It is^evident therefore that according to the argument 
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advanced in the preceding •paragraph,’ electrons were 
in each c^se the active elements in the kindling stage. ‘ 
By reducing the air pressure within the plate-holder 
the Sending effect of the magnetic field is increased, 
and deviation of fhe •sparkover path from a straight 
line increases proportionately. A series of sparkover 
photographs accordingly were taken at air pressures 
ranging from atmospheric to 0.02 mm, Hg. The double 
inflection of the curve, in eacji case, followed the path 
that would be takenby negative charges, that is, electrons, 
as illustrated in Fig. 2 by the solid line. 

The sweep of the nebulous positive figure, when 
formed at low air pressure and under the stress of the 
magnetic field,* is revealed in.Fig. 4. The double in¬ 
flection of the sparkover path, arrested before complete 
sparkover occurred, is very marked, and is in-com¬ 
plete accord with the analysis of the electron path 
(solid line) indicated in Fig. 2. There is no evidenced a 
counter flow of positive ions or protons in either this or 
any of the other photographic records. . • 

Conclusions 

*• 

Although the number and range of experiments made 
on Lichtenberg figures on sparkovers formed under 
stress of magnetic fields are limited, the result^ ob¬ 
tained together with the many important relations 
previously determined seem to warrant the following 
observations: 

» * 

1. Lichtenberg figures represent, or are formed by. elementary electric 
sparks. On this basis the process of formation of these figures would 
represent also the kindling mechanism of the simplest form of sparks, 

. ?' Lichtenberg figures or the electric sparks producing thorii form the 
initial step in the sparkover process. . . 

S ® a ! k0 7® r devel °P s from the tips of the positive Lichtenberg figures 
and tends to follow the positive and negative streamers. 



Fig. 3. (Above) 
Lichtenberg figures 
and sparkoverpaths 
for three cases 

Air^pressOre,—15 cm. 

Field,—12>500 lilies 
"persq. cm. 

Electrode spacing,—r 
5 cm. 

Fig. 4. ( R i g h t) 
Typical Lichten¬ 
berg figures of ar¬ 
rested sparkover at 
low pressure 

Air-pressure,—1.3 cm. 

Field!—S, 5,160 Ii 
per sq. cm. 

Electrode spacing,— 
10.2 cm. 

1 megohm resistance in 
series with gap 
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Operating .tests on large turbine-generators 
indicate that following the accidental open¬ 
ing of the field switch of a loaded machine, 
service should be restored by closing this 
switch as soon as possible, without removing 

the generator from the bus. * 

• . • . • 
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. .. • SWITCHBOARD operators in generat- 

iiig stations are at times suddenly confronted with 
troubles which call for immediate action. Such a 
situation results with the unexpected opening of the field 
^ w l tch of a Ioa ded generator, and the operating rules of 
mfierent power conipanies are by no means in agreement 

as to the proper procedure in this emergency. 

, ■ f. n attempt to determine exactly what happens 
.when the field switch of a large alternator is opened and 
a short time later reclosed, a group of tests was con¬ 
ducted. The most interesting of these tests is illus¬ 
trated by Fig. 2 which is. a faithful reproduction of 
oscillograph, records. These: were taken on the cross- 
compound *60,000-kw. 60-cycle 12,000-volt unit illus- 
crated Ip Fig. 1. The high pressure generator is rated 
at 1,800 rtp.m. and has 5.8 ohms synchronous 

)1Ce ’ while the low P 1 * 688111,6 generator is rated 
at 1,200 r.p.m. and has 1.92 ohms synchronous impe¬ 
dance. The external reactors between the unit and the 
bus are 827-kva., 3,50t)-ampere, and have 3 per cent 

reactance at 12,000 volts. 

As illustrated in Fig. 2, the machine was cairyihg 
50,000 kw. at 80 .per cent power factor lagging when 
the switch^was opened. The total load lost following 
the opening of this switch was 40 per cent, Root- 
mean-square values of armature current and voltage 
, are shown, the field current and turbine speed being 
instantaneous values. 

The action of both units of the machine is’evident 
from the oscillograms. Upon opening the field Switch, 
the generator field was short-circuited by, discharge 
resistors and the field current? of each unit almost 
immediately dropped to less than half value. Then 

2l e lSP 0n ,; ,Re ® tabIlshlne ExeitStton of a Loaded Alternlator in Parallel 
(No * 31_101) Presented at the A.I.E.E. summer convention, 
AshevUle, N. CUJune 22-26,1931. • 

•••• * .. . •* 
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Fig. i. Plan of two-element 60,000-lcw. turbine- • 

generator unit No. *2 at Crawford Ave. station 

. (%. 

A . ^ 

for a period of four seconds the fields gradually became 
demagnetized, the station bus voltage"* dropped, and 
• arm atui , es gradually drew he£vy "magnetising 
currents from the system. Following this and until 
the field switch- was reclosed, transient conditions 
existed with both machines running considerably above 
synchronous speed. The speed of the high pressure " 
turbme was very erratic and violent governor action 
was observed. The low pressure turbine,^ not having* 
a speed regulating governor, ran at a more uniform 
speed: A further reason for the steadiness in the speed 
of the low pressure turbine can probably be found m 
|he lact that the reheat boiler seryed as a stabilizer 
for the rapidly pulsating steam that was passing through 
the high pressure turbine. Since the heat in the reheat 
boiler was constant it momentarily would give off 
more reheat to a qjnaller ahiount of steam at a lower 

pressure, and less reheat to a larger atoount at higher 
pressure. 

As the magnetic coupling between the field and the 
armature poles was removed on the opening of the field 
switch, the energy produced by the turbine accelerated 
the machine above synchronous speed. The field 
winding then cut lines oMorce and had induced in it a 

2f^ ent ^ hic J^ ad a frequency proportional to the slip; 
that is, the difference between the armature speed and 
nejd speed. The general Characteristics of the machine 
were those of an induction generator. The governor * 
on each machine prevented it from reaching an exces¬ 
sive speed, and the. necessary exciting current was 
drawn from the line. . 

As indicated by the oscillograms the field currents 
reversed each time a field pole passed over an armatures 
pole. The armature currents plotted as r.m.s. values 
are seen to have a maximum and a minimum value for 
Wh reversal of the field Current. Ordinarily an induc¬ 
tion generator would have constant armature current 
for a given speed. The peak values found on these 
tests may be explained by the fact that the field does 
not have a uniformly distributed winding such as would 
be found in the rotor of an induction machine. 

Wlf ther or not the shunt wound exciter would have 
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be c °m e demagnetized "if the field switch had been 
. ? Ios f d when the induced field current Was a maximum 
. “ the reverse direction was not definitely determined. 
However, in the worst case found in these tests the 
J£w^ pressure field was 550 amperes in the reverse 
direction and passing through a discharge resistance 
of 0.56 ohms so that the voltage'which would have been 
thrown across the exciter momentarily would have 
been 308 volts. This might have been enough t6 

• f 1 ema ? netlze an excit f set at 275 volts, although it is 

• thought that the time required to weaken and reverse 
the exciter magnetism would s be greater than the 

• duration of the ^induced generator field current at its 
maximum negative value. Another factor preventing* 
demagnetization of the exciter is that the field current 
of the high pressure unit would We to be negligible 
or also reversed at the same time, Since the net current 
iff the common exciter is the sum of the instantaneous 
held currents in the high and low pressure units. 

In each’dhse when the field switch was closed, the 
field current instantly started to build up in the right 
direction, the armature currents returned to their 
normal values in about 5 seconds, the station voltage 

• recovered to almost normal in the same length of time, 
and in about 20 seconds the station voltage had com- 

.pletely recovered. In each case the machine recovered 
synchronous speed in less than 2 seconds. 

As a result of these tests and of a number of question¬ 
naires sent to operating companies and manufacturers, 
fairly definite conclusions may be drawn. It is felt 
that when for any cause the field switch of a loaded 
alternator is opened unexpectedly, the usual practise 
of taking the unit off the system, re-exciting and 


resynchronizing* it, is unnecessary and that considerable 
time m restoring Jtaial operations without severe 
. disturbance to the system* is obtained by closing the 
field witch as Soon as possible. The generator need 
not be ifemoved £ftm» the bus afany time except/ in 
rather remote cases, It is recognized that different 
types* of generators behave differently when the excita¬ 
tion is cut off, and that the older units having low 
resistance field windings and # operating with 125-volt 
excitation are more erratic than later machines employ¬ 
ing 250-volt excitation. It may be safely stated, 

• however, that if the unit is carrying less than three- 
quarters load, there # is no danger in reclosing the field 
switch. If the unit is carrying more than three-quarters 
load it will be prudent to lower the governor before 
reclosing the fiel&switch. Also, if the bus vfiltage has 
dropped to 60 per cent of normal it is considered 
advisable to cut off the generator so as not to increase 
the tendency of other generators dropping out of step. 
However, such a reduction in voltage due to an open 
field is unlikely on large systems. • 

Owing to its reactance, it* is impossible for therrotor 
field J;o increase to full strength immediately; it also 
follows that due to a weaker magnetic coupling it is 
impossible for the rotor to change speed instantly, and 
there can be no shock such as occurs when a machine 
is paralleled out of phase. To insure proper polarity 
when closing the field switch, the exciter, if self- 
excited, should always be operated above the knee of 
its saturation curve. The belief that while the switch 
is open excessive current which would prove injurious 
might be induced in the field winding was not borne 
out by the observed values of current. 
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Hinged Wooden Arms 
i Used on Osage-Rivermines Line 
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Extra insulation was obtained on this im¬ 
portant link of the Union Electric Light and 
Power Company transmission system by the 
use of wood crossarms. By hinging the arms 
to the steel tower structures^arm and tower 
stresses were reduced materially; conse¬ 
quently tower weights and line, costs were 
lowered accordingly. Details of these and 
other major features of this unusual line are 
given in this article. 
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Ught and Power Company. Initial development in¬ 
cludes six 33,500-hp. generating units. # Two 132-kv. 
transmission lines were built to deliver the plant output. 
- t0 the existln ^ transmission system which in a general 
way follows the Mississippi River frhm Keokuk, Iowa, 
on the north to the lead mining district near Rivermines, 
Missouri, on the south. One of the newlines is a single¬ 
circuit wood-frame line 135.5 miles long reaching from 
Osage to the Page Avenue substation in the outskirts of 
bt. Louis; the other is the steel tower line’with hinged 
wood crossarms, which is the subject of this article. 

Important data of the Osage-Rivermines "line are 
summarized in Table I. Each of the two circuits is de¬ 
signed to handle the output of two hydroelectric genera¬ 
tors each rated 23,888 kva. at 0.9 power factor, and 60 
deg. cent. (27,500 kva. at unity power factor, and 80 
deg. cent.) through a single bank of transformers. 
J^ater, the power station may be equipped with a main 
bus, whereupon either circuit may be called upon to 
deliver, the full air-blast bank rating of 60,000 kva. 


tllNGED WOOD CROSSARMS have 
been adopted for the 119.5-mile power transmission line 
which connects from the Osage hydroelectric develop¬ 
ment to the Rivermines substation of the Union Electric 
Light and Power Company (Mo.). Wood arms were 
seated because service requirements demanded better 
performance than that usually obtained with double 
circuit lines supported by all steel structures. These 
arms were hinged to the«steel structures because of cost 
considerations: with such construction the forces ap¬ 
plied to both arms and towers when conductor wires 
break are much lower than with rigid arm towers; 
consequently the cost of such towers is from 15 to 20 
per cent lower than for rigid arm towers. Tests showed 
ttiat with these arms and 11 insulator units, the line 
insulation m equivalent to that obtained with from 17 
to 23 units on steel arms. Design of the arm involved 
the development of a suitable damp for the tension 
member, details of which are given later. 

, The Osage hydroelectric development 1 ’ 2 (for num¬ 
bered references see bibliography) is situated hear the 
geographic center of the State of Missouri and about 
140 miles west of the load center of the Union Electric 

2“ f ° r ELE0TBI0AL ™ published in pam- 



Fig. 1. Typical tower with hinged wood arms (left) 
tftd (right) tower with rigid wood arms as used at 
^angles in the line and at certain long spans 
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Energy transmitted annually willVary between 50 and 

- 250 million kw-hr. per circuit. 

To make the best use of the hydroelectric develop- 
mentj, it will be operated as a peak cut-oif plant re¬ 
parsing equivalent steam capacity in St. Louip. Such a 
procedure can be^ustified only on the basis of equal 
reliability. At a distance of 120 miles in a country with 
Missouri’s record for sleet and lightning, this is an 
exacting requirement but was accepted as the basic 
; specification for the Osage-Rivermines line. ' 

A q double-circuit steel tower line had been considered 

- as ^ing most suitable from a r cost standpoint; yet it 
was felt-that the service required fewer outages, par¬ 
ticularly those involving both circuits, than the records 
of this^type of construction would indicate as probable 
for a 120-mile line. More insulation seemed to be the 
principal nefed and it was suggested that some of the 
advantages of wood pole line construction might be 
realized by .using wood crossarms. 8 ’ 4,6 - 8 

•A preliminary study of the application of wood insu¬ 
lation to the crossarm assembly showed that it would 
involve a marked increase in cost 'as compared with 
„ steel unless some compensating measures were adopted. 
Aside from an arbitrary reduction in the factor of 
safety, which was considered with some misgivings, the 
~ only course available was to reduce the forces applied £b 
the arms and tower when conductor wires break. The 
problem of reducing the forces from broken wires has 
received quite a bit of attention from transmission engi¬ 
neers and has resulted in the development of a number 
of slip clamps as well as in the hinged crossarm. (The 
metal hinged arm is not new. 7 Its operation was dem¬ 
onstrated publicly in this country in 1927 and the 
Public Service Company of Northern Illinois has 3 miles 
of line with hinged steel arms built in 1928.) 

For the foregoing reasons, therefore, and because of 
its adaptability to the wood insulation idea, hin ged arm 
construction finally was adopted. The arms are hinged 
d,t the tower end on an axis inclined away from the 
' tower at the top by an angle of 20 deg. This inclination 
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Fig, 2. Details of hinged wopd ariin 


id. of the r axis causes the swinging movement to be re¬ 
strained by the weight of .the arm and by any vertical 
p- - loadjt may be "carrying, so that normally the arm acts 
e- in the same way although it were rigid. If a wire should 
a break, the arm .swings away from the broken sjten 
al reducing both torsional and overturning moments. * 

;h 

in Design pp Hinged Wood Arms 

ic * 0 

Construction of the arm is quite simple, consisting as 
d ^ it does of a pair of tension members and a compression 
it member pinned together at the outer end. (See Fig. 2.) 

?- Tension members are in duplicate while the compression 
.s member is built up from two similar timbers bolted to- 
e gether; this is tq minimize the effect of any shattering 
e from lightning. With either tension member or either 
e haif of the compression element put out of commission, 
e the assembly still is strong enough to carry any normal 
loads likely to occur. 

- * Untreated Douglas fir was chosen as the material for 
i the arms because it offered ^certain advantages in dura- 
i bility, strength, availability, economy, and e&se of 
• wor &i n g* Some of the more important mechanical 
properties of the grade of wood selected are approxi- 
s mately as follows: 

; Compressive strength perpendicular to grain. 5001b nerscr in 

Compressive strength parallel to grain... 3 ,600 lb! per sq.'in.' 

No extraordinary difficulties were encountered in the 
design of the compression member. The tension mem¬ 
ber, however, offered a rather serious problem because of 

’■ • 

Table I Pertinent Features of Osage-Rivermines Line 

Length. 119.5 miles (031,014 ft») $U on stool towers. . — 

Circuits. 2—132-kv., 3-phase, 60-cycle. • 

Conductors. 6—250,000-cir. mil, 19-straEd. copper. 

Ground wires. 2 7/16-in,, 7-strand, Siemens-Marttiff steel, galvanized. 

Standard tower height. To peak 91 ft. ; to bottom conductor 42 ft.-4 in. 

f t0 Z Gr ® xtensIons * or multiple leg extensions, 4 ft. and 

8 ft. Body extensions, 16 ft. Footing extensions, 2 ft. 

wire **>*«*&■ Horizontal Bbtwrbn Gib quits: 
drives, 29 ft.; conductors, top 29 ft., middle 35 ft., bottom, 29 ft. 

ductors 20 ft Vta* 311 conductors 14 between ground wires and top con- 

Lendth of span. Average 827 ft,, normal 700 ft., maximum 2,208 ft. 

ff^lw t0Wer . ,0a ^ Inil Equivalent span for vertical loading, 1,600 ft. 

Si A Pa “ f0r transverse loading 1,100 ft. Wire lqads M In. radial j 

t ^ pressure of 8 lb. per sq. tn.; any two wires broken; factor of ; 

safety against failure 1.5. : 

spon) ' Conductor: 2,4501b. atno ice, no wind, 
a : 5 ’ 50 , 0 ^;? ^ in ' lc6, 8 lb * per aq - T^lnd pressure, 0 deg. fahf, 

U ! 1, f 00 lb; at no lce ’ no wlnd ' 60 d ®8- fahr.; 4,250 lb. at 

in. ice, 81b. per sq. in. wind pressure, 0 deg. fahr. 

V7 eiiht * Tower proper, 7,600 lb.; hinged arms 2,100’lb. 
(timbers, 1,000 and metal parts, 1,100); footings 1,200 lb.; total, 10,9001b. 

rJf^. d " d arm*. Hinged on axig tilted 20 deg. from vertical ' 

educate tension members, 4x4-in. fir with forged steel clamps. Compres- 

^ blocked and bolted together, Wood 

^insulation varies from 6.3 to 10.3 ft. 

?if Ulatl0n ' J? 11 , w00d arms, ll-uglt suspension strings, 13-unit strain 
ina Suq tl^n araag * 16-unit strings. No arcing horns on initial 
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* Fi9 ‘ }'. GenCral ty P« s of ^°od strain insulator 
^ fittings tested; type H finally was selected 

See Figs. 5 and 6 for general theory and design of wedo«» 
type clamps applying to all of the above fittings 3 


the difficulty .of making an attachment to a wood mem¬ 
ber so as to develop any great portion of the load which 
the wood is capable of sustaining in tension. This is 
because wood is comparatively weak in shear parallel 

to the gram and in compression perpendicular to the 
gram. , 

With these facts in mjnd, an extensive series of tests 
was conducted to develpp a fitting suitable for the ten¬ 
sion member. Some of the more general types of fittings 
tested are shown in Fig. 3. Type H fitting finally was 

adopted, it having'been found to possess the following 
advantages: 5 

■ii 

1. Tendency of the wood to decay should be comparatively small as 
Amp raiclo*. the entire member, at 

ventilation, and as there are no bolts through the wood, S 

LInwTS °f tl + le ,^ ood s P«tting due.either to lightning strokes or to 
lg is eUtntoated largely by the clamping action of the fitting*. 

3 ‘ " r J 1 « roetal is in close contact with the wood at all times • hence the rww 
should be free from leakage Current troubles. bonce, the device 

ofsMnkSrn m JS! atta ? K m< ^ lt 18 not aff6Cted materially by a small amount 
Whl5h£ f 1 ho J T° 0d becauso the taper permits a corresponding slippage 
^ch in ton readjusts the damp. Experience has in7cate? howe V ?r 

2“* J w J“° d is put up and allowed to season in plaS the bolta 
hould be tightened after the wood has taken its initial shrinkage.’ 

6. Drop-forged hot galvanized steel damps of this type with copper bearing 

of Sj delt J eireaulPed stren f h ‘ imd * life, with a high deg^J 
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Fig. 4. Tension members of hinged wood arms „ 
showing me^ho'd of applying clamps « ** 

* /> 

Two of the fittings are clamped onto each end of a 
4x4-in. timber to make up the complete,tension member 
(the ends of the timber of course being turned down'to 
the proper shape). (Fig. 4.) In the wedge-like opera- 
non of this fitting the tensile load is translated into 
compression and shear stresses, the ratio between the* 
two being controlled by the angles of the sloping sur¬ 
faces and their coefficients of friction (see Figs. 5 and fi). 
By making the steps near the end of the st?«k success-* 
32 y s ? laller in diameter, each step tends to work on a 
different set of fibers with the result that the load is well 

distributed throughout the timber. 

I Ultimate breaking strength of the member with this 
type of fitting varies from about 35,000 lb. for a clamp 
having galvanized wedge surfaces, to about 50,000 lb. 
for a clamp having rough w$dge surfaces. This differ¬ 
ence is due to the fact that, for a giveirjmll, the corre- 
spondmg compression load on the wood varies inversely 
as th e tan^ni of the sum of the friction angle and the 

and 6) f m ° matlon of the wetlKe surfaces (see Figs. 5 

The compression member consists of two 3x6-in 
S?. 11 together with Ji-in spacers -at the mid- ‘ 
%. thlrd P 0 ^’ depending upon the length of the 

bri£e H‘mni an f Is Theendfittingswere designed to 
rS- urZ tt * j he f™ PreSSi ° n load “ Possible di- 
hni+cH-v, P ° n - the e ? ds °! the tlmbe rs rather than on th* 
bolts the primary function of which is to hold the assem- 

bly together rather than transmit load. The fitting at 

in\ddiHn end f 18 ma ? e . up from gorged steel plates which 
m addition to applying the load to the eomr>re«rcinn 

element, provide places of attachmentfor Z 
members and the suspension insulators. At the tower 
end the compression timbers are seated in « m!iif uf 
"“I “"! "«* ten. the £“*“• 

in the field, then hoisted up’the towenus a comnfef' Bth<ir 
and attached by inserting the two hinge uiL ^Th? 
operation proved to be quite simple as did \hl / ■ 
of conductors, the latter operation hein^* ^" 81 " 8 
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During the rather extensive tests carried out in 
connection with the design of these arms, certain 
important details appeared as being fundamental to 
the success of an undertaking such as this./' These are 
ustSd in the hope that they may prove helpful in any 
similar project in £he future; they are briefly: 

r 

1. Rigid purchasac-speciflcations should be set up and repeated’’inspection 

made of each piece of timber during process of manufacture. . 

r 

2. Proper attention must be given to the method of drying, whether done in 

• kilns under special specifications or by other means 

• r 

3. If any form of treatment be used, care must be taken that the treatment 
does fiot lower the electrical resistance p of the wood unnecessarily nor 

- weaken it mechaniCaEy Cue to the high temperature sometimes employed. 

4. Clamps find fittings attached to the timber must contain adequate prc£ 
vision for shrinkage across the grain and should be fitted accurately so as 
to distribute thestresses properly, 

5. Thin factions in timbers exposed to the weather should not be used be¬ 
cause of the unavoidable checking which becames more serioufi with such 
factions, and thtfgreater rate of depreciartion due to the increase in exposed 

8T68i. 

6. Careful (design <can reduce the difficulties due to splitting by lightning 
when attentions givtpn to the location of or possible reduction in the num- 
bei* of bolts through the timber,. At points where electric current is likely 
to leave the metal and pass into the wood, the stress can be distributed 
somewhat by slightly flaring the metal away from the wood, rather t.ii M 
concentrating such stress upon a single line at sharp edges. 

7. Normal continuous working stresses should be low. In designs pro¬ 
viding for heavy ice loading this will be obtained automatically when ample 
strength is provided for the ice load; also in designs which provide dupllca- 
tion of parts to guard against the loss of such members due to U ghtnw 

p. r similar low stresses will b© obtained for normal loading. r * 

r> * 

In a relative evaluation of the above items, the first 
3 -nd the last pr6bably are of greatest importance. 

In this day of almost, universal, treatment df timbers 
in permanent outdoor structures, it may be surprising 
to some that the wood arms used in this line were not 
treated in any way. Treatment with creosote oil 
admittedly lengthens the serviceable life of wood and 
probably cuts -down the amount of checking to a 
certain extent; but it had two important disadvantages 
in this application: it cuts down the lightn ing flashover 
voltage, definitely if slightly; and due to the lubricating 
qualities of the oil, it upsets the balance of design in the 
friction clamp on the tension member. Furthermore, 
“as stated previously, unless extreme care is taken’ 
there is a possibility of “reducing the mechanical 
strength of some types of wood by the temperatures 
attained in treating. 

* It having been decided for, these reasons to use,un¬ 
seated wood, the choice quite naturally fell to Douglas 
fir as mentioned previously, the highest commercial 
grade of which (dense superstructural) was selected. 
As seasoned timber of this grade is not available in any 
great quantity, for this job all of it was specially cut 
from green logs. This meant that most of the shrink¬ 
age took place after the arms were on the towers. 
This was anticipated and a general tightening of all 
bolts accordingly was scheduled for the end of the 
first . summer season. Checking was aggravated to 
some extent by exposure to the intense s umm er heat 
without a preliminary seasoning. 

The principal, risk assumed by the substitution of 
wood for steel in a crossarm is the chance of shattering 
from : lightning. The exterior of the tension members 


c' 


used in the electrical tests (described later) was quite 
badly splintered by “the, repeated fla^hovers; it is 
' probable that {he damage from real lightning would 
have be$n much wprse. An attempt has been made to 
minimize these effects, however, by proper design^ 6f 
the metal fittings and provision is also made for attach¬ 
ing arcing horns if they should prove advisable; but 
the main reliance is placed in the 'overhead ground 
wires, in the “duplication of the tension members, and 
in the two part construction of the compression element 
of the arm. 

r 

Insulation Tests on the Wood Arms 
0 1 

As a check on- the increase in insulation due to the 
wood arms, part'bf a tower was set up in the Trafford 
higfc voltage laboratory and the minimum surge to 
flash over a string of eleven 5.75xl0-in. insulator uni ts 
r on each arm was determined. The measurements with 
the equivalent insulation in number of similar insulator 
units on steel arms were: , 


.17 units 
.22-23 units 
.20 unite 


T °P .1,350 kv. (crest). 

Middle arm.1,720 kv. (crest). 

Bottom arm. 1,550 kv. (crest). 

Surges used for the tests rose to maximum value in 
1.5 microsec. and fell to half voltage in 60 micfbsec. 
Fiashovers for minimum surges had a time lag of about 
40 microsec. 

The arc from the top conductor jumped to the wood 
tension member of the middle arm, and followed this 
member to the tower; arcs from the middle and bottom 
conductors flashed up the insulator strings and to the 
tower, sometimes by way of the tension members and 



Fig. 5. Friction c|p mptheory 
for all fittings shown in Fig. 3 

w = Force exerted by resisting 
body 

a “ Angle of inclination of the 
sides of the wedge 
$ = Angle of friction 
V - Force required to push the 
wedge 

V = 2 w tan (a + *) (-j) 

Similarly, the force required to withdraw the wedge is given 

— p = 2 to tan (a — </,) (£) 

From.eq, 1 may be seen that for a given value of p, load w de- 
" creases when tan (a + $) increases. In cases where it is 
desirable to keep to' as small as possible and it is not feasible 
to increase angle a, the desired Jesuit may be obtained by 
employing an abrasive 6n the Bearing surface of the wedge, 
thus increasing angle*, v 

'fn"ppdtibn'if Vis greater than 4 . 

8 .'[jet^isWorthyof^^Con§ideratibn'wherfe 4 thcwedgeissub- 
j ected to varying loads’ and is made 6f a 1 material whose maxi- 
m urn a 11 owabl e stress depends greatly u£on the duration of 
> me stress*In applications;of this nature)/« should be greater 
...man * in order that .the wedge be only, lightly stressed except 
, during times of heavy losing. * ; , 
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sometimes by way of the compression • Members. Ap¬ 
parently enough variation existed.™ the resistance* of 

length mberS t0 ° ffS6t 0ccasiona3ly ° th § ir difference in 

To check the efficiency of tjie (Configuration "from 
a^f insulation standpoint, measurements were made 
with varying insulator string lengths, crossarmTengths, 
and with and without adjacent crossarms. Principal 
cntom which developed from these experiments was 
to the effect that quite an appreciable gain in insula¬ 
tion for the top conductor could have been realized if 
the space between the top and middle arms had been 
increased by a foot or more. 

Insulation of the line with eleven insulator units on 
wood crossarms is considerably higher than that of ths 
substation equipment at the terminals. Therefore to 
assist the lightning arresters in protecting the substa¬ 
tion apparatus from the hazard of lightning surges 
coming in from the line, the terminal stations are 
equipped with fused gaps. Owing to the difference in 
the equipment at the two ends of the line, the power 

s a ion gaps are set at 40 in. and the receiving station 
gaps at 37 m. 


Effect of Wood Arm Construction on Tower 

Design 

A 

Standard suspension towers with hinged wood arms 
do not appear greatly different from conventional 
towers (see Fig. 1) although the 20-ft. base and 4-ft. 
cage section used in this line are somewhat smaller than 
would be expected for towers 91-ft. in height. Ground 
wire supports are unusually prominent because of the 
location of the two ground wires, one being placed di¬ 
rectly over the top conductor of each circuit with a 
vertical separation of 21 ft.. With this arrangement, 
the ground, wires should be well situated to intercept 



Fig. 6. Friction clamp de¬ 
sign for all fittings of Fig. 3 

a =Angle of inclination of 
wedge - 

<fo - Friction angle, wood on fric¬ 
tion surface or clamp 
*2 = Friction angle, wood on 
wood 

St = Ultimate unit tensile strength 
of wood 

Sc = Maximum unit compressive 
strength of wood, perpen¬ 
dicular to wedge surface 
Ss = Maximum unit shear strength 
of wood parallel to the grain 

For a balanced design 

V * Tensile strength == compressive strength - shear strength, 

P ■ CCross section at froiil end of clamp) (St) 

“ <- Cos «) (surface area of wedges) tan (a + *,) = „• : 

" • r dr . ed , 0 ' ° dse of wedge Ss -f (Compressive load 
perpendicular to shear plane) tan <h 

Practical considerations as to the’size of the Wood member 
to be employed might make a balanced design undesirable - i?’’ os 

February 1932. * * 


direct hghtmng strokes at midspan ahd divert them to' 
the tower without side flashes to the conductor. 8 The 
increased moments due to this ground wire arrangement 

tTetdta t0 ^ ^ ° f th6 legS ; P *° 

A coifeparison between the tower design nsetf in 
hinged am construction and that which would have 

rigid a™ lhle ma ? be’of some 
interest. It is quite apparent that towers for use with 

hinged arms involved the setting up of load assumptions 
different m some respects from those used in conven- * 
^™ d6si 8?-. To show what these differences' 

the tQ ' vef a compari¬ 
son has been developed between the hinged arm tower 

« the Osage-Eiveminesline an^ tower 
th ngid wood armo otherwise structurally a*d elec- 

This com P arison is shown in 
table II Load assumptions used in thfs comparison 

s f e f f * n the structures up to the elastic 
limit of the material beyond which it, is assumed that 
tower failure would occur. ■> * 

Vertical and lateral loads are the same for both types 
of construction, but in the case of broken wires the 
movement of the hinged ams will change the pSt ol . 
application of some of the loads. This introduces an 
pnbalanee m these loads which is not encountered in 
ngid am design. However, the principal aifference in" 

m the magnitude and tocation of the 
longitudinal forces resultmg from broken wires. 

, ”"f d arrn towers the longitudinal load generally 

d f 3 ‘ 8n is of the indicated in 
lable II. For hinged arms the loads had to be based 
upon existing knowledge of hinged am operation which 
was not very extensive, lack of experience in this 
respect is reflected m the three more oi-Jess overlapping 
load ^sumptions (see Table II). With the accumula- 

IHvu and operating experience, however, it is 

probable that a single longitudinal load assumption will 
be developed as in the case of rigid am towers. 

„ fffactofthehinged am when wires break is to cause 
(I) a shift m the application of the longitudinal load to 
a point nearer the center of the tower, and (2) a reduc¬ 
tion in the magnitude of this load to one-half its o riginal 
value (except for the effect of impact at the end of the 
arm s swing which was assumed to build up to the origi¬ 
nal tension for an instant only). In ease 3, where the 
impact forces of a breaking wire are superposed upon 
the forces resultmg from a previously broken wire, the 
factor of safety was reduced as the result of a discussion 
as to whether or not case 3 was justified at all. These 
combmed loadings were not applied lower than the first 
panel of the tower below the bottom crossarm-because 
1 ^ WaS i J onsic * ere d that the impact stresses would not 
extend beyond this point, but would be absorbed in the 
bolted connections above. }[Case 3 was found to be con- 
trdling m that part of the jiower to which it was applied. 

Weight d^tributibn^f^^e^tpwer actually adopted 
for hinged arm service ibh {hiilihe is shown in Table I 
Total ^weight; of the tow^^ is approximately 
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2,000 it. less than the estimated wejight of an equivalent 
tower with rigid wood arms.. As a result the cost of the 
hinged atm tower is estimated to be from 15 to 20 per 
cent less than for the rigid arm tower with which it has 
been compared. However, at certain locations in the 
line, namely, at apgles and for certain lon^ spans, 
hinged ar;ms could not be used; f®r these cases rigid arms 
were required* In oMer that the insulation level might 
be maintained at these points, rigid wood arm assenv 
blies were devised, the tension and compression 'ele¬ 
ments being quite similar to those of the hinged 
assemblies. (See Figs. 1 and 8.) 



Fig.^ 7. Compression members of Ringed wood 
arms showing method of applying clamps 


* t 

e 

. 'Other Factors of Tower Design 

*• 

. disadvantage of a double-csreuit line in a “light¬ 
ning country is that construction economy tfends to 
force the use of higher towers with consequent increased 
lightning exposure. This was particularly true in the 
case of the «■ Osage-Riverinines line where the sharply 
rolling terrain continually offered opportunities for elim¬ 
inating towers by the liberal use of tower ext ensi ons. 
Even with the exercise of some restraint in this respect* 
' extensions varying in height from 4 to 16 ft. were justi¬ 
fied for 40 per cent of the towers; this was on the basis 
^fehat the saving in construction cost could not be offset 
by an intangible improvement in operation which might 
result from usin^ more towers and shorter spans, and 
which in view of the high insulation of the line would be 
expected to be quite small anyway. As a f concession to 
the electrical phase of this problem, however, the use of 
16-ft. extensions on exposed ridges was limited to those 
locations where their application would not raise the 
conductors higher than at qither of the adjacent towers 

V ' • 

Table II—Loading Comparison Between Rigid Arm and 

Hinged Arm Towers 

RIGID ARM DESIGN 

y loads * yaght of insulators and wires with $$ to- radial Ice, for 
1,500-ft. spans, multiplied by 1.5; dead load of tower, multiplied by 1.5. 

l0ad ° f 8 lb - p< * ft - ^tlug on wires with * to. 

! k’ 1 V 1 °°‘ ft - 8pans ' multiplied by 1 . 6 ; windload of 15 lb. per sq. 
f . on 1.6 lames the area of material to one face of tower, multiplied by 1 . 5 . 

1 ^^ s 1 ?n a fh l0 , adS * Y nbalanced load of any two broken wires at full 
{JJ'J5,630 lb. for conductors and 4.400 lb. for ground wires, multiplied 

HINGED ARM DESIGN 

Vertical and lateral loads. Same as for rigid arm design. 

tonditudinaltoads. Cabb 1 . Unbalanced load of any one wire broken 
at fun loadjnrt reduced to half tension by the arm swinging 90 deg into the 

l0a<Jing combined With an Set loaTof equa! 
amount (5.630 for conductors, 4,400 lb. for ground wires) multtplied by 1 . 5 . 

VobaJanced load of any two wires broken at full load but reduced 
bythe arm swinging 90 deg. into the line (2,815 lb. for con¬ 
ductors and 2,200 lb. for ground wires) multiplied by 1 . 5 . 

®' ^ub^anced load of any one wire broken at full load but reduced 
to half tension by the arm swinging 90 deg, into the line (2 815 lh fm , 

S^^h°^ 2 , 20 °>! b i' f ° r a 8r ° im<i Wlre) muitipliedby l.Slthis load rom- 

mSed to h*if ofanyone wire broken at full load but 

reduced to half tension by the arm swtogtog 90 d^. into the direction of 

4 h 4n?ib’ for a^wf P !fli 0ad 0f 6<lual amount ’ (5.630 lb. for a conductor or 
■4,400 1b. for a ground wire) multiplied bv l 25 Th« . , , 

x 77 7 ;• 


r 

Standard tower footing consisted of the familiar pyr¬ 
amidal framework resting on a -square grillage. The 
cmly interesting departure from usual practise was sug- 
gested by the unevenness of the ground at the tower site. 
Sidehill leg extensions of 4 ft. or more had been provided 
for about 12 per cent of the towers, but many, in¬ 
stances were found where a single leg extension of 2 ft 
would be convenient. This need was met by designing 
a footing which projects 2 ft. out of the ground but 
which otherwise is similar to-the standard anchor. The 
increased weight for one footing was only about 130 lb. 
and Its advantages were many: it saved laborious cut 
and fill in material that was largely rock, and it per¬ 
mitted the establishing of higher grades with consequent 
gam m span lengths. Interchangeability of the "two 
types of footings permitted the more general use of 
standard towers without the confusing inconveniences 
of substituting special leg and bracing material. More 
than half the towers in the line have one or more of these 
high footings. 

Tower Ground Resistance 

In view of the close relation between tower ground 
impedance and line performance under lightning condi¬ 
tions, the ground resistance of every tower was mea¬ 
sured and recorded as an aid to'analyzing any subse¬ 
quent lightning outages. With ground wires detached, 
measurements w&re made by means of a direct reading 
megger ground resistance Fester with a three-range 
scale (0 to 3 ohms, 0 to 30 ohms, and 0 to 300 ohms). 

Jb our readings were taken at each tower and the average 
taken as the tower ground resistance; each reading was 
taken between the tower base and two %-in. tool steel 
aimhaiy ground rods driven into the 'earth to a depth of 
3 ft. Positions of the auxiliary grounds jvere deter¬ 
mined by tests. (See Fig. 9.) At many of the towers it 
was necessary to probe over a considerable area in order 
to find a place where the rods could be driven down 3 ft.;* 
however, the arrangement of Fig. 9 was followed as 
closely as possible. 

Results of these tests are shown in Fig. 10 from which 
may be seen that the footing resistances varied from less 
than 1 ohm up to 56 ohms, the average for all towers 
being 6.9 ohms. The measurements were made in an 
extremely dry season and spoil after the towers were 
erected so that the earth had not settled around the 
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F'S- 8. Rigid wood arms as used at angles in the 
line and at certain long spans 

% 

111S probable that after a few rains the earth 
will settle more compactly around the footings and that 
the ground resistances then will be somewhat lower 
Analysis of the curves in Fig. 10 show that 629 towers 
or 83 per cent, of a total of 760 have ground resistances 
of 10 ohms or less. An examination of the 131 towers 
a ™c ^‘Stances above 10 ohms brought out the fact 
toat 46.1 per cent of these are set in sandstone, 87.S per 

U 1* '” hme * ton f. con tammg a large amount of chert, 
14.1 per cent in limestone free from chert, and 2.3 per 
cent,in sand and gravel. Approximately 5 per cent of 
the towers have resistances above 20 ohms, of which 

™'® per T 1 .* are *** sandstone, 20.6 per cent in lime¬ 
stone containing a large amount of chert, and 8.9 per 
cent m limestone free from chert. P 

No attempt is being made to lower any of the re¬ 
sistances at the present time because (1) averaee re- 
astence of toe line is low;‘(2) the high resistances are 
scattered along the line with not more than four con¬ 
secutive towers having resistances above 10 ohms; and 
(3) the cost of lowering the high resistances would be ex- 
cess^e due to the fact that the footings on these towers 
are set m solid rock. - Records of the locations of all 
flashoyers will be kept and if it is found that the flash- 
overs tend to concentrate on towers having high ground 
resistance, an attempt will be made to lower the resis- 


t0Wer? ’ ° r t0 pr0Kide some 'either form of 

• ®°“ e addltlonaI data the ground return path was 

“ tT 'T * test made primarily for measuring the 
inductive effects on neighboring communication cir- 

?°'° f 00 ‘ c!r - mil c °P? er conductor Was 
pounded 85 miles from the pbwer station, and energized 

generat0r wit , h ite ' neutral 
pounded through a 4-ohm resistor. Readings taken on 

to y test were: generator potential to peutral, 3,720 
cycles) CU1Teilt ' 81 amperes; p °wer'-48 kw. (frequency 60 - 

From these'data the'resistance of>the>ground return 
path was computed to be 26 ohms, and the 60-eyele re¬ 
actance of the circuit, 109 ohms. Bated upon this re- 
actance, the distance from the conductor togthq center 
ot the return path was computed to be 720 ft. The low 
value for the depth of the return probably" is due to the 

small current used in the test. 

Line Laid Out prom Aerial Survey * 

C r nCl r i0n - * WOrd about the Preliminary survey 
of the hue Jocatmn might not be amiss. This was un¬ 
usual m that, it was carried out entirely with the com- ' 
^anys own aenal equipment and personnel. Planes 

““ are b ® comm g available so geiterally that"* 
survey parties can be organized as readily for work in 
the air as on the ground. 

The aerial method effected an enormous saving in 
time and expense in the location of this line. A series of 

PnntS / hoto ^ aphs taken at a constant 
height was assembled to give a 400-ft. scale map-upon 

which the line was plotted. „ Sections of this assembled 
map were rephotographed for the use ofithe right-of-wav 
department and an extra set of contact prints from the 
original films was used for stereoscopic study of the 



B-Rivermines side of tower 
C 1; P,-Current and poten¬ 
tial lead of megger con¬ 
nected to tower 
C-i -Auxiliary ground lead 
to megger current coll 
“ 2 -Auxiliary ground lead 
to megger potential coil 
^ anc j ,2-Test positions for 
P 2 with C 2 located at R 
Similar readings were taken 
on the Osage side of the 
tower . 

f *' 9 - ^-“P for Fig. 10. Remits 

mg tower ground re« of tower ground 
sistance measurements reaiatance tests 
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descnbed elsewhere.® • 
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ation Constant 

of a Transmission Line 

• 

Starting with the logarithmic variation of 
voltage aqd current" along a transmission 
line, a derivation of the propagation con¬ 
stant is given in this article, depending only 
upon the application of Kirchoff’s laws and 
simple hyperbolic trigonometry. 


wbere Jo is the torrent inputao the line/e = 2.7183. and 
7 is a constant for»tfye particular line at a given fre- 

• quen J cy aad is known as thd propagation constant. This 
constant is a complex number, since there is a change in 
phase a*? well as iep magnitude of “the current as it pro¬ 
gresses from the generator end, and is usually expresled 
as 

y = a+j/3 

a being* knowh as the attenuation constant and fi as the 
phase or wavelength constant. In the case of normal 

• f a l“ on - theref °re, the current at any point d miles 
relation generator , 18 completely expressed by the 

1 = I<,e- yd « If-I-JK = 

<wl ' S ’ *- he is r ? dnced in magnitude by the 

ratoM °“ faCt ° r 6 ' aDd Shifted in phase hjt>i 

PcoPagation constant of a transmission line 
18 ^loped by means of differential equations, 
a method which does not recommend itself in an elemen- 
ary discussion of the laws of normal attenuation. A 
d ™’ at ‘° n °f «ns constant which depends only on the 
application of Kirchoff’s laws and simple hyperbolic 
trigonometry is given below. 

Every transmission line has four important linearxon- 
Stants. R, the senes resistance per loop mile; L, the 
senes inductance pa- loop mile; G, the linear capacitance 
P® loop mile; and G, the shunt leakance per loop mile, 
us for a short section of line, a mile for example, there 

" .*+*•“*— 

' 1 

. G+jwC 

2SL iff dia ^ am ^- Kg- 2 represent three unit 
togths of 1 mile each. Calling the current in the firet 
enes element h, that in the second element and that 
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in ijnnrrfia„ • 4. . a transmission line is infinite 

mlength or is terminated in a load equal to its character- 

nn* .^^dance, the voltage and current at various 
pomte along the line vary logarithmically as shown in 

tenuatiom” thTT^nt 

t = Iaer yd 



Fig. 2. Recurrent sections representing e trensmiision line 



Fifty T-viogarith- 
metievariation of 
current with nor¬ 
mal attenuation 


Hubctrical; 




- , O-- 

forces m mesh a-b-c-d, we have 

£ijfi + ^2 (h- 7 2 ) 4 + Z 2 (/i - 7* 0 ) *= o 
Dividing through by ZJ U we have 


ratie will be the same for any two adjacent sections, and"' 
if we call this ratio the above equation takes the form 


e y + <r Y -2 = 




Z ! 


- + 1 - 


J±_* , t 7o 

A + 1 -X=° 




( 1 ) 


(2) 


( 4 ) 


which when rearranged becomes 


A. _/• 

7: + X 




+ 2 


% 


(?) 


The two terms on the left of this equation are ratios of 
the currents m adjacent sections of the" line. Now if nor¬ 
mal attenuation obtains, it is evident that this current 


Extracting the square root of both sides and dividing by 
VZi/Z, 

’ ,2 - 2- (5) 

the left side of this equation is recognized as the • 
3 ® b °hc «• °f 7/2, which for small angles is approxi-' 
“e^tten 7/2; so that ,the relation in eq. 5 may . 

7 = VW+jaL) (G + juC) " . (6) 

This is the custon»aty expression for the propagation 
constant of a transmission line. 




I ransportation 
•and a Nation's Diet 


Scientific developments have improved 
natural foods and made possible their wide 
distribution. This is the eighth article in 
t ® Engineering Foundation's symposium 
Has Man Benefited by Engineering 
Progress?” ; 


By 

RALPH BUDD 


President, Burlington, 
! (Ry.) Lines 


A, 


. . , 7 >MONG the many changes which 

slave taken place m the living conditions of the average 
American^during the past two decades, none is more 
striking than the change in diet. Ordinarily railway 
transportation is not thought of as affecting so vital 
? patter m the life of a people as an essential change 
m the kind of food they eat. Nevertheless, it is true 
that improved transportation of perishable products 
has brought about, or at least contributed greatly 

It is only in recent years that better refrigeration and 
expedited movement -atrinfriMfci and vegetables 
have brought to every city and village throughout thfc 
entire couijtry every day in the y&r the j^ctsfom 

P3J3RUARY 1932 V- 


those sections of the United States which specialize in 

dte^t? d f ea f®‘ Advantages of a balanced . 
diet conta-nmg fresh foods have been brought to the 

pubhc by researc h and medical science, 
and the ability to grow these special producfeto greatest” 
perfection has been developed simultaneously with 

wh ’ ch made practi¬ 
cable their distribution over such wide areas. In this 

“ 7 lth ’ “ borti *. and in milway 
haE ““"““ted to contribute towards 
happiness and longer life for many millions of people. 

Perhaps the most remarkable example of how-these 
$££**« a well-known product ia.the glorification 
7 t®, ™ ly Iet J uee ' which always has been a plant in the 
household ^gm-den. Some few years ago the fact was 
featured that certain vitamins which it contains are 
particularly desirable. Along with this came the 
development of head lettuce, which largely has talnm 
tim place of the old-fashioned leaf lettuce: The result 
has tern that the shipment of lettuce over long dis- 
“ the Unit °d States from 12,000 cars 

S 0 *? perhaps to greatest perfects . 
tbe Pa ° lfic Co * st and “ some of the western 

mohS t feW yeare ag0 458 wouId have 

S 0 ™?*? g ® ner f u se in the eastern states because 
the pwOiaMe character of so delicate a plant. 
What has happened in this instance is typical of many 
^ ^ is not a new plant, but modem 
science and engineering have contributed to create a 
great consumptive demand which, in turn, has resulted 
“f attractiveness of the product as well as a distri¬ 
bution bringing about the growth of a great and exten¬ 
sive enterprise featuring an old-fashioned vegetable. 

oraac^,*^ 
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Of Jpapers Presented aft fl^e Wi 


infer Vjonvenftion 



i, 


. Interpretive abstracts of the ma - 

jonty of papers presented at the A.I.E.E. winter con- 
■ mention tJanuary 25-29, 1932) or articles based upon 
them, were published in the January issue of Electri-* 
C^L Engineering. Interpretive abstracts of all re¬ 
maining papers are presented herewith. Members 
vitally interested and wishing to .obtain immediately 
pamphlet copies of any available papers are requested 
to use the order form appearing on p. 148 of this issue. 
In response, to popular demand and within its space 
limitations Electrical Engineering subsequently 

maj/ publish certain of these papers, or technical articles 
based upon them. 


* 

applications must have characteristics that are not found in those 
designed ror more general usage. „ 

An oscillograph for such applications of eourse must be fully 
automatic because short circuits and faults are usually unantici¬ 
pated, it should be able to take a considerable number of records 
successively whether the faults follow eaeh other in rapid succes¬ 
sion or are days or werfks apart, and it should start recording 
Wfithin. one-half cycle of the beginning of the initiating distur¬ 
bance. The automatic oscillograph described in this paper has 
been designed to meet these requirements, being intended pri¬ 
marily for the recording of chance and unanticipated distur¬ 
bances m power systems and in electrical machinery. (A.I.E.E. 
Paper No. 32-47) ^ 


Surge-Proof 

Transformers 


By 

H. V. Putman** 


Aging and Elastic Hysteresis 
. in Instrument Springs 


By 

R- W. .Carson 1 
P- MacGahan 1 * 


A 

, ACCURACY of electrical measuring instruments 

depends as much on the quality of the control springs as on the 

th i 6 t( ?? Ue produeing events. However, judging 
from the work published on the subject, the design of high quality 
ntrol spring has^ot received its proper Share of attention, 
nstable effects found in the use of spiral instrument springs 
arise from a temperature change in the elastic modulus of the 
sprmg material, from secular change or aging in service, and from 
elastic hysteresis, all of which may under certain conditions intro¬ 
duce appreciable errors. 

. Secular change or aging in service was found to be caused by 
residual stresses m the spiral spring arising from the manufactur- 

hya low temperature heat treat¬ 
ment. .Elastic hysteresis was studied with the use of the grid 
glow micrometer A study of the effect of composition and cold 
working, residual stresses and thermal treatment, temperature 
intensity, and duration of loading on elastic hysteresis effects 

lead to an improved manufacturing process. 


, ■FEATURES in connection with recently im- 
proved^ transformer construction are of special interest: First 
without the use of shields to neutralize ground capacity, it has 
been possible to build shell type transformers in which the distri- 
bution of surge voltages is substantially uniform, and which are 
practically non^scillating even for the longest surges; second, a 

^ieii ^ npulse length of the insulation has 

been made through the elimination of creepage surfaces from. 

the entire insulation structure. • 

methods of shielding, even though equalizing the 

° n the msulation between turns and coils, still 
permit high stress concentrations in the major insulation between 
^mdmgs and ground at the ends of the coil columns or groups. 

J7 rna0r ®’ S . hielded transformers require most Careful eonsid- 
eration m design, because of the introduction of large metal 

“ , 6 P0 if 1 ntiala in close proximity to the entire high 

voltage winding. The initial distribution in the new surge-proof 

,^ 1 7°™ ers 07tL 7 ia substantially uniform within the wind- 

g, but the voltage stress is fairly Uniformly distributed through- 
21 . the , entu * msuiation structure. These results have been 
obtained simply by employing properMesign proportions and cod 

Shi6ldS b6ing US6d - PurtIler improvement in 
operation has been secured by many years of research on trans¬ 
former insulation. (A.I.E.E. Paper No. 32-29) 


An Automatic 
Oscillograph 


By 

C, M. Hathaway 6 
R. G Buell 8 


Effect of Transient Voltages 
Transformer 


on 


n—I 


By 

K. K. Palueff 8 
J. H. Hagenguth®* 


>B A RESULT of the new era of extensive inter¬ 
connection of large power systems and of the high speed operas 
tion of switches and circuit breakers, problems have arisen that 
only an oscillograph can solve; further an oscillograph for such 

1. W^Hdnghouse Elec. & Mfe. Co.. Newark, N. J ~—— 

2. ^estln^ouse Elec. & Mfg. Oo., East Pittsburgh. Pa 

«- General Electric Oompauy, Schenectady, N. Y. 


of a transfe HE mi v CT of a surge on the r high voltage terminals 
, , , P rocl uces transient voltages not only within that 

terminals* ^ lo ^ voltage winding and at its 

on X ^ twn T VO tage ’ discussed m this paper, is impressed 

on the network and appar atus connected to the secondary wind- 

< ^ n ® raI ® ,ec tric Company, PlttsfleMv Mass. v 

17. Bell Telephone-Laboratories, Inc., New York, N. Y. 

Electrical Engineering 




f:;; f T he P ? ss ; bilit ^ of the ti^mysshm of high transient volt¬ 
ages through transformer* is indicated by occasional failures 

tooSIh tomfTrST 18 °' r0taan? ap ^ tns “ nnec t ed ‘“ lto <* 

. , Tlie , transient voltage on the secondary circuit may be con¬ 
sidered as the result of superposition of|ouF,components; namely, 
ele^rostatie voltage, free oscillation in the high voltage winding 

induction atl /Ul ^ W V ° Itage windiu £- and electromagnetic 
mnn 1? AU f °, Ur eom ^ on ^ depend to a different degree 
upon surge impedances and lengths of external circuits con¬ 
nected to the transformer. A study of these surge woltages 
enables definite conclusions to*be drawn concerning the volt^es 

tb ° n ^ SeCOndary cireuits > especially those caused by 
the electromagnets component, which is of more general im¬ 
portance than the others. (A.I.E.E. Paper No. 32-49) 


T Paper> £ art 1 is eon ^ed with an eSterfsion of 
the standard decrement Burves and part II with a discussion of 

fact ^\ m6th ° d ° f ^ oulatio »- ■ Another important 
factor affecting short-circuit currents is the effect of the increase 

m exciter voltage during system faults. In part III is developed 
PapT^2M4) metlXOd ° f det6rmining this factor * (AJ.E.E. 


Decrement Curves 
* for Specific Systems 


By 

W. C. Hahn* 2 


1 


Standard 

Decrement Curves 


!* 


By 

W. C. H«j,hn 22 
C. F. Wagner 2 


m . DETEpMINATION of decrement in power 

system short-circuit currents frequently is necessary for circuit 
breakesand relay application. • For this purpose certain standard 
curves originally appearing in 1918 and revis 9 d in 
1923 have been m general use. New decrement curves now 
have been derived ter supersede the former ones, the new curves 
having been made desirable by the considerable progress 2 
?*5““ s ot Mansion ts rn synchronous machines, and to the use 

! “T ”® 11 t0r oalcuIatill e unbfflauced faults. 

The new decrement curves take into consideration the fact that 

hat^hotaZT, a !- iS mule UP 0f tvo ex P°uential terms, and 

Becausefbene °°T mt va4ios a,i4h sysiem reactance. 
Because the new curves are based upon the method of symmetri- 

!’ * ^ is applioabl e *« three-phase, line-to- 

T, 6 ’ “ d T^ r0U f d ,aults - Distinction is made between 
machines, with and without damper win ding s 

t “f.“ t0 Pr0Mntin;e these curv0B the paper includes also 
aSS *'? Ptl0I1 ' s U P°“ "'iuch they are based, the 
Paper Nof 32^531 appbca t* 0 nt and. their limitations. (A.I.E.E. 


«, GltNERAL curves showing the’ourrent decay during 

T giVe “ v ““ oompan i°n paper "Standard 
tteerement Curves. Inasmuch as arrangements of systems and 

s&,7 S t ° S ° f 8ynobr ° 0 ° us niachinery vary cinjdqrably, 1 

svstcm tf TT ° UrV - f ’ S b “ 6d upon sssumpttons Z to 

system layouts, time constants, eto., will he onlw approximate 

; ."rr Tu oonaidOTabl y in Ctaor. It is desirable therefor? 
to have available more accurate methods for obtaining deere 
ment factors It is the purpose of the present 
the methods by which are obtained-these more accurate decre¬ 
ment f aotors especially adaptable to specific 

idZ^ f t VGS m the GOmpanion P a P 0r are constructed upon the 
id<^of only one necessary calculation: that required to obtain 
• tile initial subtransient current in the short circuit. This may 
be called a one.-pomt method. It is possible, however to use 
the same curves ,m a more accurate manner by making two cal- 
milnbons based for example, upon the initial snbtea£i»t 2d- 
transient currents. Use then is made of the general decrement 

! same A rati0 of subtransient t* transient current 
ac^l eystem. A different procedure based on a threS- 
pomt method may also be used. (A.I.E.E. Paper No. 32M5) 


Cobalt 

Magnet Steel „ 


By 

P. H. Brace 1 


Calculation of Short Circuits 
on Power Systems 


By 

C. F. Wagner 2 
S. H. Wright 22 


CxJRVES presented in the companion paper “Stand¬ 
ard Decrement Curves” are sufficiently accurate for most com¬ 
mercial work, particularly circuit breaker applications. Many 
special cases arise, however, for which these curves are noifc 
applicable, ©f this character are relay applications on power 
systems involving several machines having different time con¬ 
stants and located unsymmetricaUy with respect to the fault. 
•The mdividu^ branch currents in systems of this character may 
have ‘widely different decrements and even may increase with 
.”2®; . N ®® d> therefore, exists for a method of calculation which 
!,.,. t}ieSe Uldividl i al variations into consideration. Such a 
method has been developed and has been termed the “internal 
voitage method of calpulation. It is particularly valuable in 
that it lends itself to the use of the calculating board and thus 
minimizes the labor involved. 

22. General Electric Oo., Chicago, Ill. ~~ 7 T-* 

23. Buffalo Niagara and Eastern Power Corp., Buffalo, N. Y. 

February 1932 * * 


THE ^on-cobalt series, an alloy, Fe 2 Co, having the 
highest known saturation intensity of magnetization was dis¬ 
covered. This led to the development of new and reXLble 
permanent magnet steels based on that alloy. The better of 

tZ ^7.“ “ a equai te, and ZreiretLl 

md light Permanent-magnets 
capable of maintaining high field intensities became possible 
Advantage of this has been taken in the construction of portable 

C ! mPaSS6 J igniti0n magnetos and generators tor 
ircraft, mdicatmg and watt-hour meters; magnetic survey 
apparatus; telephone receivers and traffic control, equipment 

basi ® aUo J Fe 2 Co alone is useless as a permanent magnet 
material. Its utility in this connection results from addition^of 
^sstiian eight per cent of alloying elements in fairly definite 
proportion, supplemented by appropriate heat treatment. From 
the magnetic standpoint the best composition contains the follow¬ 
ing approximate percentages: iron 54, cobalt 38, chrdmium 4 

:5s? 1 °- 95 ' *“*“"? °' 5 ' “ d mfaor el8mmto “ d 

«»ifnh* h L Pr6S * 114 ^ta 6 .? 4 tar ° doU ® s P® pound, such material 
cannot compete with the usual magnet steels on the basis of 

material cost per unit of magnetic performance and hence its use 

is eeonomicaliy justified only when savings of space or weight or 

rfW 00 ? 11 ! 0rce Can b ? ca P^ed. Compromise alloys 
lower cost and less magnetic ability have become available. 
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Cobait represents the eHef item of eost, but world resources, 
notably m Africa, Canada and the United States appear such as to 
give hop§ for improvement as a larger and more stable market 
develops. The reported consumption of high-cobalt magnet steel 
is now of the order of 75,000 lbs. per year. She manufXrers of 

•f ? Uluted States are in a position tq. supply cobalt 

magnet steel. Pamphlet copies not available. ' 

' r 
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High Capacity Rectifier Efficiency c 

By « 

A. L. Atherton 2 


* 2 

The three grffvrty cloefi.mojt often recognized ns preoisio 
timekeqpars are the Lerpy, Eieeler. and Shortt, one o, ” 

f r? d “ mOSt ?f **“' im P° r tant time laboratorit 
and astronomical observatories throughout the'world. While th 

crystal clock assembly is more costly than that of a pendulut 

£*■"£?■» mt,re %ssooiated clsdlirieal equipment, it iahe 
heved that for many purposes it is decidedly superior beoauli o 
its great -versatility. (A.I.E.E. Paper No. 32-52) % 


Improved by Seetionalizing 


. * T r r * 

. , . IDEA of the sectional type mercury arc rectifier 

is based on the obvious, but heretofore apparently unrecognized, 
fact that the best inherent possibilities are realized only in the 
smaller r sizps. Efficiency, reliability/* economy, and flexibihty 
are all far better in small units than in large. « 7 

iaapfcaUatio “ s of 1116 conventional small capacity units 
which have been available in the past are impracticable. The 
new sectionahzed rectifier although built in sections, is installed, 

and used M a whole > and the desirable 
qualities of the small rectifier thus are made available for the 

larger capacities while the disadvantages of sectionalizing are so 
reduced as to become negligible. (A.I.E.E. Paper No. 32-50) 

• r e • 

Time 

** and Measurememt 


t r. 

Direct Printing Over Long 
Non-Loaded Cables 


By 

M. H. Woodward 31 
A. F. Connery 34 


By 

E. W. Brown 24 


L „ N°TWITHSt^DING; the rapid progress that has 
b : en made in reoentyears m the application of automatic printers 
to landline operation, and the continued efforts to apply similar 
t0 th6 ° perati p u ° f lon S non-loaded submarine cables, 

u s Zl h0n t re00 i rd - r ’ 7^ reqmres manual translation, still is 
the ® xelasive !y in the operation of such circuits. While 

,2” deve l0Pe d loaded type of submarine cable possesses 

,7 av WlUeh F ermt ° f its heiag operated with a modified 
^,° f , landll ^ e mul tiplex printing system, the numerous at- 

Si appIy a factory direct printing system 

to non- 1 oade d cables have not met with complete success. * 

Jl ia ^ P^POse of this paper to outline briefly the various 
faotors which enter into this problem and to describe a new type 
of cabie printer which has been developed and placed in success- 
°? bles between London and New York and also 
^N~**«* points in 0entra l and South America and 

m ? h ° d i ? desc #^ for the elecfrical con¬ 
version of the non-uniform length .combinations of the cable 
Morse code into a modified five unit code and its application 
to printers on long non-loaded submarine telegraph cables 


ma _ v whether terrestrial <Er celestial, 

may be considered as consisting essentially of a fixed dial and a 
moving pointer. A complete observation may be regarded as a 
oom^rison of the angies described by the pofuters TtTZZ 
keepers between two signals. < 

The measurement of time is considered in this paper from the \/ ' ti ■ , 

sew?fiTf 1. sec ^ the greatest poS£5ible accuracy for use in Sector Theory of Circuits 

scientific studies, and far more accurately than needed in every¬ 
day life. Standard timekeepers are discussed and definitions of 
error, rate, and other factors are given. “ ions ° f 

standard for time measurement is the rota- 
aon of the earth upon its axis. However, various errors are 
present m this standard and difficulties are involved in its ob¬ 
servation. The difficulties in obtaining an absolutely accurate 
standard are exemplified in the fact that even Uie obTe^atories 
taking the most accurate measurements show differences amone- 
themselves. (A.I.E.E. Paper No. 32-51) fences among 


Involving Synchronous Machines 


By : : 

I. H. Summers 37 


Modern Developments 
in Precision Clocks 


By 

Alfred L. Loomis 30 
W* A. Marrison 17 


: : v ■LTRA-ffjRECIS!Ei practical ^yn^keepers of 

can be placed within two classes, depending upon whether the 
restoring force is gravity, as in pendulum clocks, orelasticitv as 
m qua^tz_ crystal oscillators. The second class is a development 
of the last decade and was made possible by the vacuum a a 

^ eIaas ? 8 provide a valuable means for the 
study pf changes in gravity and related phenomena. ’ ' 
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of the U publications have shown that calculations 

he performance of a synchronous machine inay be simplified 

^ 6 , US !i, ° ®° alar M 6 ^ 06 operators which apply separ 

rately to the component of armature current which xn^etL 
n the axis of the poles, and to the component which magnetizes 
m the axis of the interpolar space. ■ ; : ; 

? be present pamper describes a method of combining these two 
a sin ^ le v e®tor operator which applies di- 

sttW n J5! l ^ ent ' Wiethe *ew operator it becomes pos- 

the complete'equations which apply to various 
Cf^sr of ^tsrconnected Machines, under various operating 
. i jHf ’ as ^ add 3 r a s would be possible if each machine were 

a g, ^ ed ® our °e of voltage operating through a con- 
^ effect is to simplify the labor 
^ ^ 7 ? xtend 1:116 so °pe Of synchronous machine 

S &^which more than onemachineiy 

’ I . t 18 bel jeved that the theory developed will be of 
bTm+tvS 6n ^?! e ” who are ™Mng on problems such as stabilityy 
chnrfl^f* P i,. F ^to step, and other problems of this general 
chapter which mvolve detailed anaiysis of opei-ation of 
ynohronous -apparatus, under transient* conditions. An intro- 

PaperNcr 3^ tl ° l6been P^ParedbyR.H.Park. (A.I,E,^ 

<■ •. ‘ - •; •' . • • ; /* ’ •’ ’ * *. 

fv 

; eceased ‘ yr. ®* ? *i. 
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Great Lakes District 
to Meet at Milwaukee 


Cooperation of local educators, 

manufacturers’ representatives, and pub¬ 
lic utility men has enabled a technical 
program covering a variety of interests 
to* be ajyanged for the three-day meeting 
of the A.I.E.E. Great «Lakes District, No. 
5, which will be held at Milwaukee, Wis., 
March 14-16,1932. Headquarters will be 
in The New Pfister Hotel. In addition 
to the technical program, Milwaukee and 
its environs with their well known indus¬ 
tries should hold much of unusual interest 
for the visitor. 

Technical Sessions 

'Three technical sessions will be held, 
one oru each day of the meeting. The 
first scission embraces papers in the fields 
of electrophysics, research, and communi¬ 
cation. The second session* will bring 
forth papers on the development of the 
Waukegan Station and its electrical de¬ 
sign features; another paper Will.doscribe 
a 115,000-kw. turbo-alternator; two 
others will treat line wire insulation and 
factors affecting spark-over of insula tors 
and bushings. The third session will be 
devoted to problems in connection with 
railway electrification and transmission. 

A student session also will*be held and 
papers by the students witjhin the District 
will be presented. 

The many interesting inspection trips 
and entertainment features being ar¬ 
ranged will be announced later. 


Hotel Reservations 

_ Members should make their reserva¬ 
tions by writing directly to the hotel pre¬ 
ferred. Rates for jhe headquarters hotel, 
The New Pfister, as well as several other 
hotels are given in the accompanying 
table. 


Tentative Technical Program 

Monday, March 14 * ■ 

Session No. 1— Presiding: O.F. TTnrv»n g 

The Proximity Effect and Its Application to 
the Concentration of Heating Currents Edward 
Bennett, University of Wisconsin. 

*A General Method of Gaseous Tube Control, 

Carroll Stansbury, Cutler-Hammer, Inc. 

■"Electrical Instalments in the Gas Industry, 
E. X. Schmidt 1 , Cutler-Hammer, Inc. 

■"Toll Switching Plan for Wisconsin, W. O. 
Lallier, Wisconsin Telephone Co. 

■•Police Teletypewriter System, R. E. Pierce, 
American Tel. and Tel. Co. 

Tuesday, March 16 

Session No. 2— Presiding: R. F. Schucliardt 

■"Development of the Waukegan Station of the 
Public Service Company of Northern Illinois, 
J. L. Hecht, Public Service Company of North- 
' era Illinois. 

■"Electrical Design Features of Waukegan 
Station, E.'O. Williams, Public Service Com¬ 
pany of Northern Illinois. 

■"115,000-Kw, Turbo-Alternator, R. B. Wil¬ 
liamson. Allis-Ohalmers Mfg. Co. 

* Weatherproof Insulation Ijpr Line Wires, O.F. 
Harding, L. L. Carter and J, W. Olsen, Purdue 
University. 


■"Factors Affecting Spark-Over of Insulators 
and Bushings, W. h. Lloyd, General Electric Co. 

Wednesday, March 16 

* 

Session No. 3— Presiding: J. H. Foote * 

*A 60-Cycle Primary Transmission System, 
O. D- Brown and E. W. Hate, The Milwaukee 
Elec. Ry. & Lt. Co. , m 

■"The Mercury Arc Rectifier Applied to A-0. 
Railway Electrification, O. K. Marti, Allis- 
Ckalmers Mfg. Co. 

■"Mercury Arc Rectifier Versus Rotary Con¬ 
verter Automatic Railway Substations, O. M. 
Ward, The Milwaukee Elec. Ry. & Lt. Co. 

*An Improved Type of Limiting- Gap for Pro¬ 
tecting Station^ ApparatuS, A. O. Austin, ©hio 
Insulator Co. 

Variation in Diameter and Spacing of Sus¬ 
pension Insulators. J. J. Torok and O. G. Archi¬ 
bald, Westinghouse Elec. & Mfg. Co. 

Advance copies of papers for discussion 
will be sent to members as soon as avail¬ 
able, upon written request to A.I.E.E. 
headquarters, 33 West 39th'Street, New** 
York, N. Y. Please indicate by title and 
name of author the jwtper or papers re¬ 
quested. At the meeting usually five 
minutes is allowed each discussor. When 
a member signifies desire to discuss papers 
on other subjects or groups be shall be per¬ 
mitted a five-minute period for each sub¬ 
ject or ..group. Discussions are not 
reported; 'typewritten- copies should be 
left with the presiding 11 officer. 

■"These papers are under consideration for 
presentation at the Great Lakes District meet¬ 
ing, but up to the date of going to press have not 
been officially placed upon the program. 


. Hotels 

New Pfister, 200 rooms, Single 

Jefferson St. and E. Wisconsin Ave_Double. 

.Martin, 200 rooms, Single 

201 East Wisconsin Ayq ..Double. 

Medford, 310 rooms. Single 

Third and Michigan S&..Double.; 

Schroeder, 850 rooms. Single 

Fifth St, and Wisconsin Avo.... Double.. 

Wisconsin, 460 rooms. Single .. 

182 Third Sfc.. ...'..... Double.. 


Rooms 

Without Bath With Bath 


.$2.60 up. 
.$4.00 up. 


• S3.60 up... 
.$5.00up... 


Suites 

.$15.00 
. up 


...$1.50-$2.50. 

...$2.50-$3,25. 

...$1.75—$2.25. 
.. .$2.75-$3.00., 


.... $1.60—$2.00>. 

.... .$3.00-$4.Q0,. 


. .$2.50-$ 3.00...$ 4.00 
..$3,50-$ 6.00... up ' 

. .*2.50-$ 3.00 r 

..$3.50-$ 5.50 '. V.-.; 

. .$3.00-$ 7.00,. .$10.00 . 

. s ^5.00-$10.00... up 

,>$2.50-$ 6.00... $12;00 to 
. .$5.00-$10,pQ... $20.00 : 
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Date of District No, 2 Meeting.— 
Announcement is made by K. A. Hawley, 
chairman of the Baltimore Section, that 
the general committed which is arranging 
the details for the Middle Eastern (No. 2) 
District meeting in Baltimore, McL, 
October, 1932, has decided that this con- 
yention will be held October 10-14 in¬ 
clusive. The tentative program arranged 
includes registration and sessions on 
October 10 with sessions continued on 
the following days. A trip to the Safe 
Harbor hydroelectric plant on the Susque¬ 
hanna River is planned for October 13. 

Winter Convention Report.—At the time of 
going to press for this issue, the 1932 win¬ 
ter convention of the Institute was in prog¬ 
ress atithe Engineering Societies Building 
in New York City.. A full report of this 
convention will be given in subsequent 

issues of .Electrical Engineering. 










Michigan’s Largest Dam 


it . flippy s - 

, •; Xs „v A ,• * , • 

' • • - 



over a 48-mile C ° Mumers Power Company 

largest in i&Shigaa, and among the largest e^th damf -’ , This dam 13 tbe 

foundation. The dam itself is about inn ft d *J“® m tbe worW buiIt on an earth 
160,000 acre ft. The three fully automatii- ? aD thG P0Q( * cre ated has a volume of 
rated at 12,500 kva. 60 cycles DiTS fT?"" “ of fte VOTtiMl tw. each 
mounted above the main ttaist bearine t %Tf!v t6d .? am and au » 1 >“y exciters are 
the load of the generator rotes the™,' I? on tta Bettors carry 

passing through the wheel, amounting tol’tolu'of hyd 5 aulio 1 thrust ot «» water 
generators are enclosed eomnletelv »uf... 1 ° f approximately 290,000 lb. The 

"densers,loca&dbelow tim'^mmTi^^oorwMch’te^rteMiteHeveh eoo ^ n £ eon " 


A.I.E.E. Prizes 
for Tedinical Papers 

Ko f' Uth . < ? rs T wh ° are Presenting papers 
before the Institute during the calendar 
i ear 1932, and others who may wish to 
submit papers for prizes, would do well to 
bear in mind that such papers are eligible 
for consideration for Institute prizes. 
These awards are made each spring for 
the preceding calendar year, and fall into 

„two main classes, national and District 
prizes. 

* National Prizes 

The national prizes which may be 
awarded at the discretion of the com¬ 
mittee on award of Institute prizes are as 
follows: 

pract^C^thl^ * (1> Sneering 

practise . (2) theory and research, and (3) oubiir. 

relations and education P 

2 . Prize for Initial paper 

3. Prize for Branch paper 

Each national prize shall consist of a 
certificate of award issued by the Insti¬ 
tute and $100 in cash. 

The national prize for best paper in 
each of the three classes indicated may be 
awarded to the author or authors of the 
best original paper presented at any 

the State**" 04 ' ° r S “‘ i0n °* 


The national prize for initial paper may 

be awarded to the author or authors of the 
most worthy paper presented at any na¬ 
tional, District, or Section meeting of the 
Institute, provided the author or authors 
have never previously presented a paper 
which has been accepted by the technical 
program committee. 

The national prize for Branch paper 
may be awarded to the author or authors 
of the best paper based upon undergradu¬ 
ate work presented at a Branch or other 
Student meeting of the Institute, pro¬ 
dded the author or authors are Student"' 
•Branch members. 

f J U + r P ™ submitted *>r prizes (except 
for the Branch paper prize) must be 

bitten by members of the Institute. 
When Papers are written jointly, the cash 
awards shall be divided, and a certificate 
shall be issued to each author. 

All papers approved by the technical 
program committee which are presented 

?£*?*** ^ be considered by the 
committee on award for the best paper 
puzes without being formally offered for 
competition. All papers other than those 
presented to the technical program com- , 
nuttee must, in order to receive eon- 
® ™ 10n ’ be submitted in triplicate with j 
a written communication to the national i 
secretary on or before February 15 of the i 
year following the calendar year in which ] 
they were printed. This may be done t 

t a * thor or ^thors, by an officer of s 
the Institute, or by the executive com- t 


Seftti0ns ' ’ 0r - 
* 

District Prizes 
<r * 6f> 

The following District prizes may il 
awarded each year in each Geographical 
District of the Institute. 

11 Prize for best paper 

2 . Prize for Initial paper 

3. Prize for Branch paper 

Each District prize shall consist of a 
certificate of award issued by the officers 
of the Geographical District and $25 in 
cash. It may be awarded only to an 
author who, or to co-authors <jf whom at 
least one, is located within the District, 
and. for a paper presented at a meeting 
7 5®. witbin ’ 01 u uder the auspices of, the 
9 , triet - When papers are written jointly, 

a tbe . casl V awards shall be divided and a 
f certificate shall be^issued to each"author. 

i The District prize for best paper may be 

3 awarded for the best paper presented at a 
r national, District, or Section meeting. 

The District prize for initial paper may 
i be awarded for the best paper presented 
at a national, District, or Section meeting, 
provided the author or authors have nSver 
before presented a paper before a national, 
District, or Section meeting of the In¬ 
stitute. 

The District prize for Branch paper 
may be awarded for the best pap* based 
on underground work presented at a 
Branch or .other Student Meeting; of the 
Institute, the author or authors of which 

are Student Branch members. 

All papers to be considered in compe¬ 
tition for .District prizes ipust be sub¬ 
mitted in duplicate by the authors or by 
the officers of tjie Branch, Section, or 
District concerned to the District com¬ 
mittee on awards on or before January 10 
of the year following the calendar year in 
which the papers have been presented. 

All papers submitted for prizes (except 

for the District prize for Branch paper) 
must be written by members of the Insti¬ 
tute. When papers are written jointly at 
least one of the authors must be a mem¬ 
ber of the Institute. • 

Copies of a pamphlet entitled “Na¬ 
tional and District Prizes*’ may be 
secured, without charge, upon application 
to Institute headquarters. " 


Federal Radio Act Passes Senate.—On 
January 4, 1932, the U. S. Senate passed- 
Senate bill 1,037 which would amend the 
federal radio act of 1927 so as to transfer 
the existing radio division from the De¬ 
partment of Commerce to the Federal 
Radio Commission. This is a reorganize 
tion measure which will consolidate and 
simplify the federal government’s activi¬ 
ties in regulation of radio matters. 
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Montefior„e Awasd ' ’ ^ 
to be Made Soon •> 

Announcement has<»been made of the 
Seditions of the George Monte'flore 
Prize which will be awarded this year by 
the Institut Electrotechnique Montefiore 
of Liege, Belgium. The prize consists of 
the interest on 150,000 Belgian francs at 
3 per cent and is given triennially in 
international competition for the best 
original work presented on scientific 
advancement or on progress in the tech¬ 
nical application of electricity in auy 
field. Only achievements made pulTlie 
during the three years .preceding the 
award will be considered. Manuscripts 
may be submitted in English, in printed 
or typewritten form, and must be in the 
hands of the jury not later than April 
30, 1932. 

.The awarding of the prize is in the 
hands d a jury of ten electrical engineers 
composed of five frorri Belgium and five 
from other countries, acting’ under the 
president of the Institute Electrotech¬ 
nique Montefiore, Omer De Bast. The 
award is administered through the 
Association des Ingenieurs Electrieiens, 
or national electrical engineering society 
of Belgium, with headquarters at Rue 
Saint Gilles, 31, Liege, Belgium. 

t> 

Bibliography on 

Conductor Vibration 

* 

The subcommittee on steel trans¬ 
mission towers and conductors of the 
power transmission and distribution com¬ 
mittee has boen working on the'problem 
of vibrating and dancing conductors. 


bn this subject^may obtain a copy from 
the chairman of the subcommittee, R. N. 
ConweH, Public Service Electric and Gas 
Co., 80 Park Place,-Newark, N. J. 



Columbia University 
- Offers EjE. Scholarships 

Each year the governing bodies of 
Columbia University have placed at the 
disposal of the Institute a scholarship in 
electrical engineering* in the school of 
mines, engineering, and chemistry of 
Columbia University, for each class. The 
scholarship pays $350 toward the annual 
tuition fees which vary from $340 to $360 
according to ’the details of the course 
selected. Reappointment of a student to 
the scholarship for the completion of his 
course is conditional upon the mainte¬ 
nance of good standing in his work. 

Applicants must meet the regular ad¬ 
mission requirements. All letters of * 
application {Should be addressed to F. L. 
Hutchinson, National Secretary, A.I.E.E. 
33 West 39th St., New York, N. Y.; and 
should give age of candidate, place of 
birth, education, references, photograph, 
and reference to any other activities, such 
as athletics or working one’s way through 
college. The last day for filing applica¬ 
tions for the year 1932-33 will be June 
1, 1932. 

The course at the Columbia School of 
Mines, Engineering, and Chemistry is a 
three-year course on a graduate basis. 
Candidates must have had a general 
education including considerable work in 
mathematics, physics, and chemistry. 


Tfiree years bf preparatory work with 
special attention to the three preparatory 
subjects mentioned in a good college or 
scientific school should be sufficient. * A 
college graduate with a B.S. degree in 
engineering generally can qualify-to ad¬ 
vantage. The candidate is admitted on 
the basis of his pre'vfious collegiate record 
without undergoing special examination. 
Other qualifications beingfequal, members 
of Student Branches of the A.I.E.E. will 
be given preference. » 

The purpose eff this advanced course is ’ 
to produce a high type of engineer, trained 
in tlfe humanities as wall as in the funda¬ 
mentals of his profession. It is hoped ' 
that Enrolled Student^ and others quali¬ 
fied will show a keen interest- in this 
scholarship. -* «* . 


A windowle§s building,-the first of its 
kind in the United- StaCes, is ui^der 
construction Tit Fitchburg, Mass., for the 
Simonds Saw & Steel Company by the 
Austin Company of Toledo, Ohio. With 
solid wall and roof construction and with 
neither windows nor skylights this new 
industrial plant is planned t6 contain 
5 acres, of floor space and designed to 
cover practically two city blocks. Francis’* 
Keally, New York, is the architect re¬ 
sponsible for the design of this $1,500,000 
plant, and predicts greatly superior 
working conditions within the new 
structure as compared with the more 
usual design. Elaborate systems to pro¬ 
vide high, intensity lighting, regulated 
ventilation absorption of interior noise 
and elimination of exterior noise are 
expected to bo installed in the building. 
The lighting system is planned to supply 


As a method of assisting research in this 
problem, a bibliography has been pre¬ 
pared on vibration, using this term in its 
broader interpretation. 

In compiling this bibliography, all 
literature available both jn this country 
and abroad has been reviewed to give as 
complete a reference as possible on this 
subject. There are six general headings 
under which these articles have been 
grouped and which also indicate the rela¬ 
tion of associated problems. These six 
classifications are: 

1. Vibration"in electrical cables exposed to 
light winds. 

2. Jumping or dancing conductors due to 
partial glaze coatings and varying ice formations. 

4 



-Construction Progresses for World’s Fair 


3. Wind effects on structures. 

* 

4. Wire rope research. 

5. Sound and noise. 

6. Fatigue arid allied researches. 

This bibliography is now in mimeo¬ 
graphed form and contains a total of 
176 items. „Any investigators working 


1 HIS interesting study of part of the electrical group of “A Century of Progress ” 
Chicago’s 1933 World’s Fair, gives an idea of the rapid progress being made in its 
construction. When completed, this group will comprise three buildings, a radio 
building, a communications building and an electrical building. The group will 
join the mainland* site of the exposition by a bridge; In the background of this pic¬ 
ture may be seen a view of the 1933 World’s Fair site, from the Hail of Science at 
16th Street north to the Shedd Aquarium. 
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a harmonizing color scheme fo» maehin- 
and‘interior decoration is expected 
• to complete the provision of excellent 


working conditions .—Michigan Technic. 


N.E.L.A. Relay Handbook 

* RcfesuecPWith/Supplement 

The Relay Handbcjpk, originally issued 

* by the National Electric Light Associa¬ 
tion in 1926, has just appeared in its 
second edition as ""Relay Handbook and 
SuppleijjLenJ.” it was thought best, .by 
the subcommittees of the N.E.L.A. and 
the protective^ devices committee of the 
A.I.E.E. concerned with the revision of 
the original publication, to bring the 
book up to date by^the addition of supple¬ 
ments to the several sections. All mate¬ 
rial contained in the supplements is 
believed to be new and all new relay . 
schemes described have been tested in 

* sorvice unless stated to the contrary. 

With regard to “Section I—General 
Information,” it should be kept in mind 

—that while ^the supplement is devoted 
entirely to a presentation of the latest 
symbols used in«r practise for electric 
power and wiring, and shortly to be 
offered for approval as an American 
Standard, this does not carry with it the 
inference that the definitions also con¬ 
tained in , Section I of the 1926 edition 
and taken from the 1922 edition of the 
A.I.E.E. Standards have remained un¬ 
changed since thgft date. Reference t<T 
tse latest standards of the A.I.E.E. 
should be made whenever use of the 
definitions is contemplated. For com¬ 
plete information relative to this hand- 
book apply to N.E.L.A. headquarters, 
420 Lexington Avenue, New York, N. Y. 
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ightning Arresters 


tors. Surges of various magnitudes and 
steepness of front were applied from the 
3,000,000-volt surge generator. Finally, 
the full output of the surge generator was 
discharged through the arrester, the wave 
front being about three times as steep as 
the steepest lightning surge yet recorded 
in the field. The lightning arrester pre¬ 
vented flashover of the 64-in. coordinating 
relief gap in all oases. In the last test 
described above, between fifteen and * 
twenty thousand amperes passed through 
the lightning arrester. However, it is 
claimed that careful examination showed 
the arrester to be unharmed. • ! 


these men are qualified to discuss these 
subjects ably and with authority. All 
interested in the subject of metals are 
cordially invited to attend. The meeting 
is scheduled to begin at 8 p.m. 


ri : A :;test has been made which is stated 
to be the first ever performed on a full 
suse high voltage lightning arrester with 
surge energy comparable to that met in 
the field. The newly installed 3,000, 000 - 
volt 36,000-watt-second lightning gener¬ 
ator at the Sharon Works of the Westing- 
house Electric & Manufacturing Company 
was used in this test. 

A 230-kv. station type auto-valve 
arrester, such as would be used for the 
Protection of 230-kv. transformers, was 
set upkin parallel with the 64-in. relief 
gap recommended for this voltage class, 
and a string of fourteen suspension insula- 


. j 

Joint Meeting on Metals.—On Feb., 18, 
1932, Sections of the American Society 
for Testing Materials and the American 
Institute of Mining and Metallurgical 
Engineers will hold a joint meeting in the 
auditorium of the Engineering Societies 
Building, 33 West 39th Street, New York, 
N.: Y. The general theme of the meeting 
wiU be metals; Dr. F. 0. Clements will 
discuss the subject “Limits of our Knowl¬ 
edge of the Properties of Metals,”: and 
Profi H. F. Moore will address the meet¬ 
ing on “Test Results aiad Service Values 
.of Metals.” , From long'and active con¬ 
nection with the metals.field, both of 


Graduate Courses In Acoustics and 
Physics.—Beginning on February 5, 
1932, two new graduate courses will be 
given on Friday evenings at the Polytech¬ 
nic Institute of Brooklyn, New York. 
They will be given by Prof. R. B. Lindsay, 
visiting professor of theoretical physics 
from Brown University, and are entitled 
. “Acoustics” and “Statistical Theories in 
Modem Physics.” 

The course in acoustics will begin with a 
rapid review of the simpler properties of 
sound waves and will proceed through the 
development of fundamental mathemati¬ 
cal theory to the more important practical 
problems. The second course will include 
an introduction to the use of statistical 
methods in physics, .followed by a presen¬ 
tation of the new statistics of Bose- 
Einstein and Fermi-Dirac. The latter 
viewpoints will be applied to the more im¬ 
portant electrical and thermal problems. 
While the treatment will be mathemati¬ 
cal, the principal emphasis will be upon 
the physical significance : of f the results. 
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American * 
Engineering Council 


Annual Meeting 
and Election^of Officers 

* 

At the annual meeting of the Ameri¬ 
can Engineering Council in Washington, 
D. C., January 14-16, 1932, W. S. Lee 
(A’04, F’13, past-president) of Charlotte, 
N. C., was elected president for the 
coining two years. He succeeds C. X 
Gronsky of San Francisco, Calif. Gen. 
R. C. Marshall, Jr., and L. B. Stillwell 
(A’92, F’12, past-president) both of New 
York, N. Y., were respectively elected 
and reelected vice-presidents. Farley 
Osgood (A’05, F’12, past-president) of 
New York, N. Y., was named treasurer 
to succeed Dr. H. E. Howe of Washing¬ 
ton,D.C. * 

The following representatives of the 
Institute were designated to serve on the 
administrative board of the Council for 
the year 1932: C. O. Bickelhaupt, H. A. 
Kidder, R. F. Sohuchardt, C. E. Skinner, 
an<JC. E. Stephens. 


ih balancing the federal^ budget. Presi¬ 
dential sponsorship of public yorks con¬ 
solidation will, it was felt, evoke a sym¬ 
pathetic response from both parties in 
, Congress inasmuch as the ends sought are 
non-political. Many millions of dollars 
' annually will be saved if the public works 
proposal becomes law, it is held. 

The Cochran bill provides for the ap¬ 
pointment by the President of an adminis¬ 
trator of public* work^ to hold office for 
fifteen years at an annual salary of 
$15,000, and for the establishment in the 
administration of public works of a group 
of bureaus, each headed by a director, to 
administer the various public works 
services. 


Requirements op Administrator 


Administration op Public Works 

Steps also were taken at the annual 
is eating to aline the engineering profes¬ 
sion in-support of legislation to create an 
administration of public works in accor¬ 
dance yith the recommendatign of Presi¬ 
dent Hoover in his last message to 
Congress. 

The Council will work for the enact¬ 
ment by the present Congress of the bill 
introduced iff the House by Representa¬ 
tive Cochran of Missouri “to accelerate 
public construction in periods of business 
depression through the creation of an ad- 
mimstration of public works and to pro¬ 
vide for a more effective coordination and 
correlation of the public works functions 
of the government.” Numerous amend¬ 
ments to the Cochran measure will be 
urged upon Congress by the engineers. 

The Council has been advocating pub¬ 
lic works reorganization since it was 
founded in 1919 under the leadership of 
Mr. Hoove*. Favorable action by Con¬ 
gress now is believed to be probable owing 
to the disappointment of the people over 
the failure of public works activity to 
provide the measure of unemployment 
relief which had been expected. The tax¬ 
payers, it is believed, are aroused to the 
point where they will demand such a' 
realinement of public works bureaus and 
services as will respond to national needs 
in times of economic distress. 

Passage, of this legislation, it was 
asserted in the Council’s discussion, will 
be a large factor in bringing about econo-' 
ihies in the* federal administration and 
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The Council will ask Congress to re- 
quire that the administrator “shall by 
training and experience be qualified to 
• administer the affairs of the administra¬ 
tion of public works and to evaluate the 
technical principles and operations in¬ 
volved in the work thereof.” 

, °u the motion of L. B. Stillwell (A’92, 
F’12, past-president)' of New York, N. Y,. 
the Council voted opposition to the plan 
to place the national commission of firm 
arts under the jurisdiction of the admin¬ 
istration of i public works. Inclusion of 
the commission in the administration, Mr. 
Stillwell said, might deprive tint govern¬ 
ment of the patriotic service of .the 
nation’s leading architects. 

The engineers will seek an amendment 
to the Cochran bill placing the design, 
construction, maintenance, operation and 
repair of ferries, barged, hospitals, light¬ 
houses, prisons, storehouses, docks, and 
flood ebntrol works under the control of 
the administrator of public works. 

Another engineering amendment would 
enable the administrator to employ from 
time to time, outside professional or 
* technical service of competent persons; 
firms, or corporations, for the architectu¬ 
ral and engineering designing, planning 
and construction of such federal buildings 
and works as may be placed under his 
jurisdiction. "'•••• 1 . . 

Enlargement of the authority of the 
administrator of public works is asked by 
the Council in the following amendment: 


M «GreeN Bill 1 * 

The Council sanctioned the measure 
introduced by Representative Green and 
sponsored by the American Institute of 
Architects, authorizing the Secretary of 
the Treasury to employ private architects 
in the designing afid planning of public 
buildings. Engineers, however, would 
make the employment of private archi¬ 
tects optional with the Treasury instead 
of mandatory as provided in the bill. 
Gen. R. C. Marshall, Jr., of New York, • 
N. Y., head of the construction division * 
of the War Department during the World 
War, declared that the principle of the bill . 
should apply to all government agencies. 
The Fulmer bill, which*is along the ^twa 
lines as the Green bill, was opposed, 
^either measure would be necessary if 
the Cochran bill becomes la,w. 

Representatives of the American Instir 
tute of Electrical Engineers in attendance 
were: F: J. Chesterman, W„&*Lee, I. E. 
Moultrop, Farley Osgood, W. S. Rodmttn, 

R. F. Schuchardt, C. F. Scott, C. E. 
Skinner, and L. B. Stillwell. 


Patents Committee * 

Invites Public Hearings 

The patents committee of the House of 
Representatives is holding public hear¬ 
ings in Washington from January 20,1932 
to March 1, 1932. As indicated in the 
following four paragraphs taken from a 
letter under date of January 8, 1932, 
from W. -J. Sirovich, chairman of the 
committee on patents*, of the House of 
Representatives, to L. W. Wallace, execu¬ 
tive secretary of the American Engineer¬ 
ing Council, the purpose of these hearings 
is to assist the committee in planning 
legislation that will meet the approval of 
the Congress of the United States. 


"Under the direction of the President, the ad¬ 
ministrator of public Works shah have the power 
by order or regulation, to consolidate, eliminate, 
or redistribute the functions of the bureaus, 
offices, agencies, activities and services in the 
administration of public Works and to create 
new ones therein and by rules and regulations 
not inconsistent with law, shall fix the functions 
thereof and the duties and powers of their re¬ 
spective executive heads.'’ 

In adopting the public works program, 
the Council apted upon the recommenda¬ 
tions of the .public affairs, committee 
headed by R.. F. Schuchardt (A’03,;F13i 
past-president) of Chicago > Ill. *:> .. : V 


"Many bills are introduced at each session of 
Congress for the purpose of amending the patent 
laws, nevertheless they remain substantially as 
they were enacted in 1836. As c h airman of the 
committee on patents and copyrights of the 
House of Representatives of the 72nd Congress, 
I desire to learn whether the changed economic 
conditions require amendment, or change, in 
our patent statutes. To that end I propose to 
have public hearings before the committee on 
patents at Washington from January 20, 1032 
to March 1,1932. 

"You are cordially invited to attend and 
give the committee on patents the benefit of 
your opinion as to what, if any, legislation 
should be enacted. 

"Will you please give this communication as 
much publicity as possible and invite members 
of your organization, and any officers or com¬ 
mittees interested, to appear before the com¬ 
mittee and indicate what, if any, legislation 
should be enacted. 

"As far as possible I wish to meet the con¬ 
venience of those not residing in Washington, 
aid a deflate date for appearance before the 
committee may be arranged by writing me, 
indicating how much time is wanted and 
about When,” 
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College Course in Radio Offered.— 
Through its extension division in Mil¬ 
waukee, ihe University of Wisconsin is 
, giving a course in radio communication. 
This training is of a semi-professional 
j^atyrfe* with the object of training young 
men for positions exiting in a field be¬ 
tween the skilled draftsman* and* the 
foamed professional engineer. The work 
is substantially T)f collegiate grade requir¬ 
ing for entrance a high school education 
, or toe equivalent. Completion of the 
. course requires the full fime of a student 
for two semesters, or evening classes over 
, a period *of twoyeari. The course *may 
be taken by correspondence also. Satis¬ 


factory completion qualifies a student fo*r' 
the government examination for a second- 
class commercial operator’s license* 

c 

• 

Ambrose Swasey (HM’28) was honored 
on his«eighty-fifth birthday by a Juncheon 
tendered»*him by officers of the Cleveland * 
(Ohio) chamber of commerce oh Decem¬ 
ber 19, 19£1. On this occasion about a 
hundred letters of congratulation were 
presented to him*and a previhw of the 
Swasey portrait painted by Philip A. 
de Laszio was made. Among the speakers 
was Dr. C. W. Rice (A’97-F’12) who 
paid tribute to Mr. Swasey’s many 
contributions. • 
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Letters 1 q the Editor 



Discussion of 
"E.E." Articles Invited 

Institute members and subscribers 
-•hereby are invited to discuss in these col¬ 
umns any of the articles appearing in 
Electrical Engineering. Heretofore 
discussion has been solicited specifically 
only on those articles appearing in the 
Engineering Foundation’s symposium 
Has Alan Benefited by Engineering Pro¬ 
gress?^ Nevertheless, since the introduc¬ 
tion of these columns in the’September 
1931 issue, some readers already have 
sent in letters on.&ther articles, a few of 
which were published in subsequent 
issues. 

Because of the many letters received, it 
is not feasible to publish all, but an en¬ 
deavor will be made to include those 
jriiich appear to be of the most general 
interest. The- shorter letters in general 
are more popular, and hence conciseness 
is a desirable quality in all cases. Elec¬ 
trical Engineering reserves the right 
to publish letters either in full or in part. 


Warning 
to Welders 


have been straining against trying to release 
yourself from the muscular tension that “throws 
you." 

Very truly yours, 

O. J. HOLSLAG (M’19) 

, President, Electric Arc Cutting 
& Welding Co., 152 Jelllff Ave¬ 
nue, Newark, N. J.) • 

Nerve injuries 
from Electric Shock 

To the Editor: 

I should like to eater protest against the Inclu¬ 
sion In Eleotbioad Enginbebing of further 
articles of the type exemplified by “Nerve 
Injuries from Electric Shock" In the December 
1931 Issue. I do not believe the average engi¬ 
neer Is Interested In a subject so remotely con¬ 
nected with engineering. 

I suppose the medical journals will still be 
fiUed with this class of work, but I do not believe 
It belongs In quantity In our transactions. It Is 
bad enough to use rats In this work; If we ever 
use dogs it were better for us If we passed out of 
existence as a body at that time. I do not* 
believe that kind of engineering is acceptable 
On High,” and I hope It will not be popular 
here below. 

Pardon If my sincerity has carried me too far. 
Yours very truly, . 

F.*G. STRONG (A’91-F’13 and 
Life Member) 120 Hartford 
Ave., Wethersfield, Conn. 
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1.41421356237309555 . .'. 

1 0.707106781186547765 

For the first seven terms of the series the com¬ 
putation Is very simple as illustrated alftve; 
beyond this point It begins to be more laborious. 
Using the first three terms of the series only, the 
computation can be made almost mentally, 
giving the result correct to seven places of 
decimal. Numerals In italics are Inaccurate 
due to omission of terms of higher order., 
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- 1.41421357 

Even Oils Is much more accurate than the 
requirementof the original probl&m. 

Method 2—Approximating fraction; consider 
the following series of fractions; 


To the Editor: 

I hope you will feel it your duty to Issue this 
warning to welders: 

They should not light their cigarettes or 
'Cigars from the glowing tip of the electrode when 
It Is still In the electrode handle. This is a very 
clever or handy trick but some day when their 
cigarette Is damp or their shoes are damp they 
will get a shock. This can best be described as 
if a mule kicked them in the jaw and loosened all 
ttieir teeth. -Such a shock might prove fatal 
if they are working on a scaffold or In a tank or 
some such place where the release of the tension 
wquld throw them off balance. It is always 
spoken of as "a shock throws one." As a matter 
of fact, it is the cutting of the rope which you 
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Computing 
the Value of V2 


To the Editor: V 

. Having ah occasion to compute the value of 
tlw form-factor of sine wave (t/ 2 *v 2 ) to the 
fifth place of decimals, I felt Interested in 
developing some simple method of computing 
me value of V2, to a high degree of precision. 
Thefollowing two methods evolved in the course 
of the study might Interest sdme of your readers: 
Method 1—Expansion into a rapidly conyer- 
vergent series: * 

■ ioo . * 

2 ’ Ig" d -0.02) 


1 

2 

5 

1 

3 

7 

12 

o 29 

70 

17 

~4l"" 

99 

169 

J08 

985 

239 

577 

1393 

2378 

5741 

13860 

3363 

, 8119 

19601 

33461 

80782 

195025 

47321 

114243 

275807 

470832 

1136689 

2744210 

665857 

1607521 

3880899 

6625109 

1599428 

38613965 

9369319 

22619537 

54608393 

93222358 

225058681 

543339720 

131836323 

318281039 

768398401 

1311738121 

3166815962 

7645370045 

1855077841 

4478554083 

10812186007 

18457556052 

44560482149 

107578520350 

26102926097 

63018038201 

152139002499 

etc. 

etc. 

etc. 

m 


«v 


Electrical Engineering 




Tta&i fracti on of the ab<jvc series represents 
the value of V_l/2, and when Inverted reprefeemts 
the value of v 2, <each subsequent fraction b eing 
a closer approximation than the one before. 
This Is most easily verified by squaring any of 
the above fractions. Fo? example, the squares 
of the first two rows are: * ^ 


4 

9 


25 

49 


144 

289 


841 

1041 


4900 

9801 


These square fractions are all approximately 
equal to 1/2, the denominator being in each 
case equal to twice the numerator, * l. This 
rule applies to all the subsequent fractions. 

Each fraction is obtained from the previous 
fraction by the following procedure: 

1. Add the numerator and denominator of any 

fraction; this gives the numerator of the next 
fraction. „ 

2. Add this numerator of the now fractioi? to 
the numerator of the previous fraction; this 
gives the denominator of the now fraction. 

For example, starting with the fifth fraction"' 
(29/41). we get 29 +41 =70. this is the numer¬ 
ator of the next fraction; 29 +70 = 99, this 
is the denominator of this new fraction; this 
makes the sixth fraction 70/99. For practical 
uie it is not necessary to go beyond the twelfth 
fraction,' which gives the values correct to the 
eighth place of decimal, A’z., = 1.414213564 

and v 1/2 =0.707106782. 

To-obtain the fractions of higher order, it is 
not necessary to go through all the intermediate 
fractions. If m/n be the fraction of the mth 
order, the fraction of 2 mth order is, 2 mn/ 

(4 m 2 + l), if m is an even figure. For exam¬ 
ple, the sixth fraction is 70/99; therefore, the 
twqjfth fraction is 2 X 70 X 99/(4/70*) + 1 
“ 13860/19601; the twenty-fourth fraction is 
2 X 13860 X 19601/(4.13860 2 + 1) = 543339720/ 
768398401; and so on. 

The purpose of this letter is not merely to 
determine accurately the value of v2. but to 
introduce a now and interesting aspect of the 
theory of numbers. The series has many other 
interesting properties which need not be dis¬ 
cussed in this lettor. 

" Very truly yours, 

8. L. GOKHALE (M'20) 

General Engineering Lab., 

Gonoral Electric Go., Schenec¬ 
tady. N.. Y.) 


Engineering 
FounJafion 


representing tEte A.S.M.E., L. W. Chubb, 
(P’21)^ representing the A.I?E.E., and 
»E. DeGolyer and D. R. Yarnail, members 
of the Foundation board. The duties of 
this committee will be to aid the Founda¬ 
tion in' ascertaining and meeting the 
research-* needs of its Founder societies 
and in making intelligent selections 
among the numerous projects in which 
the four isocietips are-wnterested individ¬ 
ually and collectively. » 
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Honorary Membership 
Awarded Frank J. Sprague 

On December <?, 1931, the board of di¬ 
rectors elected Frank J. Sprague (A’87, 
F12, past-president) an Honorary 
Member of^ the American Institute of 
Electrical Engineers. This is the highest 
pade of membership in the Institute and 
is held by only seven other Americans and 
three representatives ttf foreign countries. 



Underwood 4c Underwood 
F. J. SPRAGUE 


Research Procedure 
Committee Appointed 

With the approval and assistance of 
the Founder Societies, The Engineering 
Foundation has appointed a research 
procedure committee composed of one 
representative from each Founder Society 
selected from or designated by its main 
research committee annually, and nomi¬ 
nated to the Foundation by its governing 
board or duly authorized officer, and 
two members of the Foundation Board. 

The members appointed for the year 
1932 are Thaddeus Merriman, represent¬ 
ing the A.S.C.E., F. M. Becket, repre¬ 
senting the I.I.M.E., W. 'H. -Fulweiler, 

February 1932 
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The petition, previously presented to the 
i board, is as follows: 

"The. undersigned Members and Fel¬ 
lows of the American Institute of Elec¬ 
trical Engineers propose for Honorary 
Membership, Dr. Frank J. Sprague, as 
the outstanding pioneer in the develop¬ 
ment of electric traction. We respect¬ 
fully request the board to give the rmino 
of Dr. Sprague early consideration for 
this honor.” 1 

The following statement was also in¬ 
cluded with the petition: 

“Dr. Sprague was not only the origina¬ 
tor of the first successful electric traction, 
but had the same distinction in regard to 
the electric elevator. His invention of 
multiple unit train control was also a work 
of great importance. ” 

Dr. Sprague has long been outstanding 
in the profession. He was bom at Mil¬ 
ford, Conn., July 25, 1857,-and in 1878 


graduated with honors from the TJ.S. 
Naval Academy. On his return in 1880 
from a tour around the world aS midship¬ 
man, he attempted to introduce electric 
light into the navy. He was ordered to 
the Crystal Palace Exposition, Hondo!?, 
England, in 1882,>fis a member of the jury 
and in charge of tofts on dynamo-electric 
machines, gas engines; and electric lights. 
Dr. Sprague resigned from the navy in 

1883 to take up electrical work, and was 
an assistant to \Mr. Edison in the early , 
development of the electric light. In"' 

1884 he founded ^the Sprague Electric 
Railway and Motor Company, and 
pioneered in the development'of ^electric 
motors and their application to industrial 
u^p. His pioneer work in electric traction 
followed and under his direction a trolley 
railway was built at Richmond, Va. in 
1887 which well can be called the fore¬ 
runner of the modern eleetric railway. 
Pioneer railway installations 'also were 
made in Italy and in* Germany. These 
were followed by many similar systems 
throughout the world. Dr. Sprague also 
was active in the introduction of electric 
high speed and house automatic elevators, , 
founding companies for the carrying on of 
this activity. In 1895 he invented the 
multiple-unit system of electric train ^ 
control which now is so extehsively used 
where two or more locomotive units are 
under common control. He has been an 
active advocate of underground rapid 
transit throughout the whole period of its 
development in New York City. 

He is now president of the Sprague De¬ 
velopment’Corporation and the Sprague 
Safety Control and Signal Corporation; 
and is consulting engineer of the Westing- 
house and General Electric companies. 

As consulting engineer for the Southern 
Pacific Company he made studies for the 
electrification of the Sierra-Nevada sec¬ 
tion of that system. 

Dr. Sprague has long been active in 
Institute affairs, having served on various* 
committees, as well as having been vice- 
president (1890-92) and president (1892- 
3). He was selected by both the’Institute 
and the Inventors Guild as a member of 
the U.S. Naval Consulting Board, aqd 
engaged during the World War in tlie de- ' 
velopment of fuses, and air and depth 
bombs. He is also a member and past- 
president of the New York Electrical 
Society, the American Institute of Con¬ 
sulting Engineers, and the Inventors 
Guild; a member of the American Society 
of Civil Engineers, the New England So- 
ciety, the New York Historical Society, Ye 
Old Settlers, the Institution of Electrical 
Engineers and Institution of Civil Engi¬ 
neers of England; an honorary member of 
the Franklin Institute and National Elec- 
trio light Association; and an associate 
member of the Society of Naval Archi¬ 
tects and Marine Engineers. He was 
awarded the Gold Medal of the Paris 
Exposition (1889) for electric railway de- 
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velopment; the Elliott Cresson Medal of 
. the Franklin Institute (1904) r for the 
• mufti-unit system; the Grand Prize for 

invention and development in electric 
at the St; Louis Exposition 
(19WI); the Edison Gold Medal of the 
Institute “for meritorious achievement in 
electrical Science, engineering and art” 
(1910); and thef Franklin Medal (1921) 
“for fundamental inventions and achieve¬ 
ments in electrical engineering.” Dr. 
•Sprague is a member of*'the University, 
Century, Bankers, and Railroad clubs 

% * ' « • • 

EveRett S. Lee (F’30) recently 
appointed by the General Electric Com¬ 
pany, Schenectady, New York, to succeed 
L. T. Robinson (F’12, deceased) aa 
engineer in change of the general engineer¬ 
ing laboratory, a position of significant 
responsibility, has served the profession 
in yarious representative capacities ever 
since his graduation from the University 
of Illinois in 1913. Immediately following 
graduation, he entered the G.E. test 
, department. Later he went to Union 
College as an instructor in electrical 
engineering; his masters degree being 
^awarded him there in 1915. During the 
war period he returned with a commission 
of first lieutenant to the University of 
IUinois as instructor in machine gunnery 
in its school of aeronautics. Upon his 
return to civilian duties, he was placed 
m charge of meters and instruments in 
^f® general engineering laboratory of the 
General Electric Company, later to be 
made assistant director,' the position 
from which he arrived at hifc present 
promotion. « * 

Mr. Lee has served the Institute dili¬ 
gently in the varying capacities of ehair- 
man of the A.I.E.E. Schenectady Section 
(1928-29); Sections committee (1929-32); 
meetings and papers committee (1927- 
,30) ; instruments and measurements com¬ 
mittee (1927^32, chairman 1927-30) • 
coordination of Institute activities com¬ 
mittee (1930-32) ; and upon the special 
committee oh Institute policies (1931—) . 

He is a member of Tau Beta Pi, Eta 
•appa Nu, and Sigma Xi fraternities 
and also of various honorary engineering . 
&nd scientific societies. 


F. W. Clements (A’08) formerly state 
electricity commissioner of Victoria, Aus¬ 
tralia, has been appointed chairman of the 
state electricity commission to succeed the 
late Sir John Monash. Mr. Clements was 
bom in Halstead, Essex, England in 1862 
being educated in the public schools in 
London and also in Germany. His tech¬ 
nical education was obtained at the City 
Guild College, London, supplemented by 
gmrng at the Great Eastern Railway 
^7orku, and the Brush Company, both of 
Whon.^etween 1881 and 1890 he was 
with |he Bru^. Company in various eapaeV 


ities, including service as r cheir r represen¬ 
tative in Hungary, and joint manager of 
their factory and contract department in* 
Vienna.* He later held positions in En¬ 
gland, and in 1899 went to Australia being 
engineer p-and manager of the 'Electric 
Lighting and Traction Company of Aus¬ 
tralia, later local managing director and 
chief engineer of, the Adelaide Electric 
Supply Company, «outh,Australia. Mr. 
Clements later held responsible positions 
with other Australian companies prior to 
becoming state electricity commissioner. 
He is a member of the Institution of Elec¬ 
trical Engineers anc^the Australian Insti¬ 
tute of Engineers. 


G. C. WArd (M’24), for the last three 
years executive vice-president of the 
Southern California Edison Company, 
Ltd., Los Angeles, Calif., recently was 
elevated to the rank of senior vice-presi¬ 
dent of this company.* Bom in White 
Plains, N. Y., January 9, 1863, Doctor 
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Ward was educated at Philips Academy,. 
Andover, Mass., and between 1882 and 
1902 was location and construction engi¬ 
neer for the following railroads: New York 

West Shore and Buffalo; Erie; New York * 
Central; Delaware and Hudson; and 
Mohawk and Malone. Between 1902 and 
1911 he was associated with H. E. Hunt¬ 
ington in the Pacific Electric and* the Los 
Angeles 1 railways. Following this he was 
president of. the Pacific Light and Power 
Corporation, until that company was 
merged with the, Southern California Edi¬ 
son Company in 1917. He then became 
vice-president in charge of construction 
and operation of the latter company, and 
continued in this position until being ad¬ 
vanced to executive vice-president three 
years ago. Under Doctor Ward’s general¬ 
ship the well known engineering develop¬ 
ments of his companies have been carried 
out, starting with the Big Creek plant and 
continuing through the completion of 
some 500,000 hp. in steam-electric gen¬ 
erating capacity at L3ng Beach. The" 
University of Southern California has 
honored hin^ with the degree of doctor of 
en^neering. and °berlin College hah con-* 


<* r\ , r ‘ 

ferred the degree of doctor of science upon 
him. * 

r 

Sidney Hosmer (F’ 12 ) vice-president 
t «L. L. Edga^ (A’12) vice-president, 
* an< l assistant superintendent, of the 
Edison Electric Illuminating Company 
of Boston, Mass., have advanced to the 
respective offices of vice-president and 
assistant general manager, and vice- 
president in charge of the operating 
bureau; I. E. Motjltrop (F’29 and vice- 
president) the company’s chief engineer, 
now has been appointed head of its 
construction bureau. All three of these 
mdn are well known as veterans in the 
utility s employ. Mr. Moultrop baa 
served also as chairman of the -Institute’s 
Boston Section, as a member of the 
Boston Society of Civil Engineers, the 
National Electric Light Association, the 
American Standards Association, and 
vice-president of the American Engineer¬ 
ing Council. He long has been a member 
of the A.S-M.E. power test and boiler code 
committees, "and was on that society’s 
Council three years as manager and two 
years as vice-president. 


M. P. Rice (M’19) manager of public¬ 
ity , General Electric Company, Schenec¬ 
tady, N. Y., retired as of December 31, 
1931, leaving behind him a record of 
over 37 years of valuable service to the 
company. It was Mr. Rice himself who 
in 1903 established the G-eneral Electric 
Review, the company’s technical maga¬ 
zine. Under his direction too, the Maqua 
Company, which produces much of the 
company’s printed matter, was started. 
In 1921 when the ,company became 
interested in radio broadcasting, he was 
made director of the activity and in this 
position not only outlined the company’s 
policy in this new field, but also estab¬ 
lished its three broadcasting stations at 
Schenectady, N. Y., Oakland, Calif., 
and Denver, Colo. 


C. J. Feohhbimbr (F’14) previously of 
the power engineering department, Westr 
mghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., has 
opened his own consulting ^engineering 
offices in the Title Guaranty Building, 
Milwaukee, Wis. Those interested in the 
development of electrical machinery will » 
recall. Mr. Fechheimer as the author of 
technical literature on this subject. At 
present he is extending his work in this' 
field by giving a cburse of lectures on 
thermal problems in electrical machinery 
under the auspices of the Milwaukee 
Extension Division of the University of 
Wisconsin, v 

H. W. BiBpER (h?*30) ojj. janUaiy^i, 
1932, left*fche central station engineering 
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department of the General ElectricDom- 
pany, Schenectady, N* Y.,"to bgcome 
• associate professor of electrical engineSr- 
ing at Ohio State University’ This is 
not Mr. Bibber s first teaching experience; 
^he was instructor in elbctrical engineering 
a£ Massachusetts Institute of Tech¬ 
nology following his return from studies 
in Ecole Superieure d’Electricite, Paris, 
and he is a member of the Society for the 
Promotion of Engineering Education. * 

* 

W. S. Lee (A’04, P’13, past-president) 
of Charlotte, N. C., was elected president 
of the American Engineering Council at 
its annual meeting in Washington, D. C. 
January 14-16, 1932. Mr. Lee, who suc¬ 
ceeds C. E. Grunslty of San Francisco, 
Calif., will hold office for two years. At , 
this same meeting L. B. Stillwell' 
(A 92, P 12, past-president) was chosen 
to continue as vice-president, and Fakley 
Osgood (A’05, P’12, past-president) of 
N„ew York, N. Y., was named treasurer. 

Roy P age (M’21) vice-president and 
general manager of the Nebraska Power 
Company, Omaha, Neb., recently was 
chosen a vice-president of the Citizens’ 
Power and Light Company of Council 
Bluffs, Iowa. Mr. Page is representative 
in professional circles in Omaha, having 
served as president of the Nebraska 
Section of the National Electric Light 
Association and also as chairman of the 
engineering section of the N.E.L.A. 

Middle West division. 

% 

J. M. Gaylord (M’13) formerly chief 
electrical engineer of the U.S.- Bureau of 
Reclamation, and more recently superin¬ 
tendent of hydro generation for the South¬ 
ern California Edison Company, Ltd., at 
Pasadena, Cqlif., now has beep, appointed 
chief electrical engineer of the Metropoli¬ 
tan Water District of Southern California. 

He has spent forty years on the Pacific 
Coast and is a widely recognized authority 
on electrical engineering in its relation to 
water power. * 

C. A. Leland, Jr.,* (M’27) vice- 
president and general manager of the 
Des Moines Electric Light Company, 
the Des Moines Gas Company and the 
Iowa Power and Light Company has 
been assigned to the charge of the Kansas 
utility properties of the North American 
Light and Power Company. He will 
retain his supervision of the Iowa hold- 


’ • its switchboard test department in 
Schenectady, subsequently going to Pitts¬ 
field in tbs transformer engifleering de¬ 
partment and returning to Schenectady 
in 1919. 

* 

P. W. Tuck (A’16) formerly^ with the 
Pacific Gas and Electric Company as 
construction foreman and more recently 
superintendent of electric and line con¬ 
struction, for the Anchorage Light and 
Power Company, now is, electrical engi¬ 
neer in charge of 'construction and 
operation for Benguet Consolidated Min¬ 
ing Company and 'chief load despatpher 
for the North Luzon Power Cofhpany, 
both in the Philippine Islands. 

•<» 

J. M. Donaldson (A’04) chief engineer 
of the North Metropolitan Electric 
Power Supply Company, Northmet 
House, Cannon Hill, England, recently 
was^ elected president of the Institution 
of Electrical Engineers of Great Britain. 
As the result of ehrlier engineering work 
in the United States and Canada, Mr. 
Donaldson’s worth as a professional man , 
is recognize^ in this country as well as 
in England. 

* • . 

C. M. Brentl'inger (M’27) formerly 
in the executive offi&s of the Western 
Union Telegraph Company, New York, 
N. Y., on December I, 1931 was ap¬ 
pointed division traffic superintendent 
for the company’s central division com¬ 
prising the states of Missouri, Karisas, 
Iowa, Nebraska, Minnesota,' and North 
and South Dakota. His headquarters ; 
will be at Omaha, Neb. 

E. W, Schilling (A’29) secretary- 
treasurer of the Iowa Section (1931-2) is 
now assistant professor of electrical 
engineering at the Michigan College of 
Mining and Technology. jls instructor 
at Iowa State College, he completed h i s 
work for his degree of master of science, 

■ which he was awarded in 1930. He now is 
working toward his doctorate. 1 

John Bankus (A’20) electrical engi¬ 
neer, Portland Electric Power Company, 
won theloeal section prize in the A.I.E.E. 
Portland Section at the annual meeting 
held Dec. 8, 1931. His paper portrayed 
a method of determining economic voltage 
and cable size for underground trans¬ 
mission. V; 


Company, Ne^w York City, n<?w has gone 
t5 the company’s office at Lester, Pa. 
with thi new title of manager of the 
marine general engineering division. • 

Otto Hartig (A’31) who ha$ been 
serving as factory engineer for the flfaglb 
Electric Manufacturing Company, Inc., 
Brooklyn, N. Y., how is occupied with 
emergency work ?or the*hospital depart¬ 
ment, New York City, as mechanical 
draftsman. 

% 

* 
a 

A. N. Geyer (A’21) for several years * 
has been associated^ with the Utah Power 
and Light Company of Salt Lake City, 
as maintenance engineer; noV ,he has 
gone to Seattle, Washington, to identity 
himself with the Woodward Governor 
Company. * * 

John Mann (A’31) designer of reaetofts 
and accessories and consultant on con¬ 
struction for the Metropolitan Device 
Corporation,, Brooklyn, N. Y-, now is 
electro-acoustical engineer in the Photo¬ 
electric Research Laboratory, Inc., New 
York, N. Y. 

Kennard Moss (Student Member) a 
recent graduate of Texas Agricultural 
and Mechanical College 1% now in the* 
employ of the Gulf Refining; Company’s 
engineering department, Port Arthur, 
Texas. His friends may reach him at 
100 Lakeshore Drive, that city. 

Harold Watkins (A’27) who has been 
in the electricity department of the 
Public W&rks Department, Freetown, 
Sierra Leqne, West Africa, now has been 
made chief electrical? engineer for the 
government of Sierra Leone, as an¬ 
nounced late in December. 

\ • • ■ 

W. J. Walker (A’ 17) who has been 
serving the General Electric Company at 
Schenectady, N. Y. in railway supply 
and renewal parts sales, transportation" 
department, now has been transferred to 
the company’s works at Erie, Pa., in 
like capacity. « 

R. W. Sorensen (F’19) professor pf 
electrical engineering at the California ' 
Institute of Technology, Pasadena, C alif ., 
has been selected to serve on the board of 
directors for the Metropolitan Water 
District of Southern California. 


ings, and will operate for the Kansas 
utilities with his headquarters in Des 
Moines. 

J. J. Smith (A’19) an electrical engineer 
of the General Electee Company, Sche¬ 
nectady, N. Y., has been appointed to 
succeed E. S. Lee as one of the assistant 
engineers of the general engineering 
laboratory. His association with the 
company dates from 1916 when he joined 
* - , 
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S, Q. Hayes (F’12) an engineer of the 
Westinghouse Electric and Manufactur¬ 
ing Company, consulting engineer for the 
City of Quito, Ecuador, in 1928, and for 
the Quito Electric Light and Power Com.7 
pany in 1931, recently returned from Ec¬ 
uador as its vice consul in Pittsburgh, Pa. 

W. E. Thau JM’21) who has been 
director of marine engineering for West- 
mghouse Electric and Idanufacturing 


C. V. Bullbn (A’23) has left the 
electrical engineering department of the 
University of Oklahoma, Norman, Okla. 
and is how in the department of electrical 
engineering of the Texas Technological 
College, Lubbock, Texas. 

§iDNinr Simpson (M’27) chief assistant 
electrical engineer for the North Western 
Railway, L^ Punjab, India, now is 
deputy locomorive superintendent (elec- 



trical) for the ^Sastdtn Bemgal Railway, 
Kanchrapara, Bengal, India. ** 

* • 

# G. B. Ptjlham (M’27) for the last six 

years chief erecting engineer for the 
Metropolitan-Vickers Electrical Com¬ 
pany, Ltd., in India, Burma, and Ceylon, 
leaves Calcutta Febrflafy 1932 to return 
to England. . * # 

# 

C. H. Cxjtter (A’28) district manager 
for the Pacific ^Electric Manufacturing 
• Corporation at Seattle, Wash., has been 
appointed business manager for “R.P.M.” 
the nfbnthly papg: of the Electric Club of 

• Seattle. 

• 

•A. F. G re hell (A’25) who for some 
time ha$ bgen associated with the T V=>n 
Telephone Laboratories, Inc., New Yorlj, 
N. Y., now has gone to Honolulu on 
further engineering service for the labo¬ 
ratories. * 

'• • t * 

3®. Yonezawa (A’25) electrical engi¬ 
neer, Imperial Government Railways, 
Marunouchi, Tokyo, Japan, has been . 
chosen as a lecturer at the Tokyo Tecljni- 

* cal University. 

C. W. Warner (A’26) electrical 
-engineer for Che Florida Corporation at 
its Tallahassee office, recently was trans¬ 
ferred to the company’s St. Petersburg, 
Fla. office. 

E. W. Starr (A’28) has removed from 
Elsmere, N. Y., to become instructor in 
electrical engineering at Cooper Union 
Institute of Technology, New York City. 

A 

M. P. Colony ($’23) assistant engineef 
of the Great Western Power Company, 
Sacramento, Calif., has joined the Pacific 
Gas and Electric Company, as es tima tor 

Kern Dodge (M’12) consulting engi¬ 
neer, Philadelphia, Pa., has been mnAa 
director of public safety of Philadelphia. 


t 

interrupted by ill health, but in 1899 he. • machinery , and underground systems, 
entered the employ of th£ Peoples Light The next year besomed the Wastitighouso 
and Power Company, remaining with its Electric and Manufacturing Company, 
successors, the United Electric Company* spending ' 18 months in' the shops at 
of New*Jersey and finally was promoted Pittsburgh, Pa., six months as switch- 
to inspector and assistant engineer. This hoard operator at r *Niagara Falls Power 
latter offipe he held also with the Public * Company, and two years in the San 
Service Corporation of New # Jersey. In Francisco office as district engineer and 
1906 he returned to his native state as 
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chief engineer of the Kentucky Electric 
Company. For tie Louisville* Gas and 
Electric Company he was first chief 
engineer, then general superintendent 
before his later elevation to the vice 


salesman. He was at one time president 
and general manager^ of. the Culiacan, 
Silialoa, Mexico Electric Company. 

•f 

William Nesiut (A’02-F’29) north- 


m . at 04. William Nesiut (A 02-F’29) north- 

presidency. Two ye^rs ago Mr. Strong , . . . 

wee placed m charge of purchases. Be- manager of Wcstmg- 

sidee his membersh t v hi the Institute; he h T e E ! 00tr f T “anufuc urmn Corn- 

Use belonged to The American Society of pa3iy pr, f J°. ” 8 , I'.’Tl , two /“ rs 

Mechanical Engineers, the American Gas .f* 0 ' dlod ., 1 Deeonll ": r J1 ' »•*'• *<* a 

Association, National Electric Light Asso- 'on^o-rf >u ” Jan " ar y 

20, 1876; m 1895 bocamo assistant elec¬ 
trician of the Central Foundry Company, 
Lewisburg, Pa. and during 1897-8 lie 
engaged in an apprentice course at the 
Westinghouse company’s main qfiico in 
East Pittsburgh. The following year he 
was placed in charge of transformer 
testing. In 1900 he became transformer 
designer for the company, and during the 
interim between that time and 1926 when 
he took his position as northeastern 
manager, he was successively sales engi¬ 
neer at the Syracuse office of the Wostfng- 
house company, sales enginoor in its 
New York office, and manager of the 
company’s engineering division in New 
York. To technical literature ho con¬ 
tributed the book “Electrical Charoctor- 
• i ... , istics of Transmission Circuits,” a work 

ciataon, Association of Edison Bluminat- used extensively as a college text-book as 
Compames, Eugmeem and Architects well as bcihg generally m of 

ard Couutejciub ’ au“ ^b’ — ^ *“ transm - issio " • m * fao or8. 



L. S. STRENG 


Its compilation covered a period of 
fifteen years and it was in its fourth 
edition After the distribution of 12,000 
copies in use. 


tl miuary 


Lewis Starr Streng (A’04-F’26) 
^rice-president in charge of operation for 
the Louisville Gas and Electric Company 
Louisville, Ky., died December 24, 1931,' 
afteran "illness of several months. He 
was bom in that city in 1876 and was 
graduated from Massachusetts Institute 
of Technology in 1898 with a bachelors 
degree m electrical engineering. That 
summer he went into the General Electric 
Company s test department at Schenec- 
tedy, .remaining there until December 
Several times .his technical work 
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Bertram Philip Wilber (A’03) as¬ 
sistant designing engineer, New York 
Edison Company, Irving Place, Now York, 
N. Y., died atjiis home in Great Neck, 
N. Y., the latter part of December 1931. 
He was born in Philadelphia on tho first 

fIT Mqwak 1 0*71 i • . 


Raymond Stanislous Masson (A’99) 
widely known western consulting elec¬ 
trical engineer and former president of 
tiie Needles (Calif.) Gas and Electric. 

Company, died at his home in Los 
Angeles, Calif., December 17, 1931 . As 
consulting engineer for the Henry E. 

Huntington properties in southern and 

s°M aa phuadoiphia »»«>» ^ 

transmission lino in CaffiorrZrT^ Jf. 1 ' Seated in tho public 

built in connection with the Borel hwi™ j°° S Philadelphia and Now York, 
sleoto ptot SL"IS? ^ 01 U “ City “ f Not 

Power Corporation, a Huntington prop- This he Mwln* * mecha »ical oourse. 
erty which later became a part of the followed by an apprenticeship in 

Southern California SnJZn ^ sho P 8 ° f «» Peunsylvania 

Masson was born in Hammmadsnort' When he became 

N. Y. in 1870, and did n^S^S interested in electricity much of his 

active business until 1929, when he was l894to ^ sel f“ impoHed - From 
forced to do so because of ill health Ha • fBo \t , Tf S spent In the. employ of 
was graduated from Le%h UffiversS t Y ° rk Edis0G Com P a ^ as drafts- 
with the class of 1892. From July 1892 design T? 6 *’ and ® hlef draftsman in the 
to June 1893 he worked for thl dem and construction of power and 
Engineering Company of NWYork ™ 8ub . s f ti + 011s ’ from 1906 to 1916 he was 
tho Buffalo engineer for L. B. 

urban mads; also on the construction of on the deSm an? °*' d ™ ffcin S office 
. assign and construction of power 

•Electrical Engineering 



plants, factories,' estimating, "inspection, 
testing, etc. A year was spent witfh tfce 
Pratt Engineering and Machine Company 
in the construction of various chemical 
plants. He also served Westinghouse, 
Church, Kerr and Company as assistant 
engineer. 


William Bryan Duncan (A’20) as¬ 
sistant professor of electrical engineering 
Stanford University, Calif., died of 
pneumonia December 18, 1931. He was 
thirty-three years of age. Born at 
Fayetteville, Ark., his general tecknreal 
education included one year at Stanford 
University prior to his employment by 
the San Joaquin Light and Power Com- ’ 


pany, Bakersfield, Calif. After several 
years of practical work with thiocompany 
he returned to Stanford and earned his 
bachelor’s degree. »Using summers and 
vacations for more work in practical 
elds, Professor Duncan continued at 
Stanford ^University, earning ^is E.E. 
degree , and • at the same time gaining 
valuable knowledge in aetual a experience 
of application. With a change of its 
teaching force, Stanford University made 
him instructor in electrical engineering 
and shortly thereafter'advanced him to 
the assistant professorship. He has beerf 
a member of the faculty since 1927. * He 
also had done considerable research in 
lightning protectipn for several large oil 
companies towards protective measures 
for Pacific Coast tank farms. 


Lodal 


Pittsburgh ft ’ * * * 

Feb. 9 -^Nbw Developments in Mercury 
Arc Rectifiers. Speaker from Westinghouse 
Elec. & Mfg. Oo. * 

March 8 Joint meeting with Association of 
Iron & steel Elec. Engrs., and Engineers* 
Society of Western Penn. ,« 

Pittsfield - 4 * 

* * y 

Feb. 16 Man-Maib Islands to Speed 
Ocean Flying, by E* R. Armstrong*. 

March Competitive meeting with Sche¬ 
nectady Section. 

March 1—Famous Women Spies and Thbib 
Methods, by Majpr Couisoh. 

Seattle 

« 

Fe^.— Communication Meeting. Speaker 
to be provided by ttib Aifl. Tel. & Tel Oo 
Joint meeting with Inst, of Radio Engrs. 

March—Annual joint meeting of .founder 
societies. • 

Spokane 

* Fob. 20; Speaker: Dean H. V. Carpenter. 
State College of Washington and vice-pros. 
A.X.I2.E. ^ 

March 26—Joint meeting with the Student 
Branches of tfce state Collage of .Washington 
and University of Idahp. Puifers by local 
members and students. • 

Vancouver 

March 7—Students'night. 


Fmiupe 

Section IW[eelingrsi 


Akron 

4:00 D,m - hispection.trip through 
the Ohio Edison Company's East Akron sub¬ 
station. At 7:46 p.m. movies: “Through Oil 
Lands." At 8:15 p.m. James H, Foote, ahw^ 
Engineers, Inc., will speak on Load Shifting 
TRANSFORMERS^ SALT SPRINGS. Meeting to 
be held in the auditorium of the Ohio Edison Oo. 

March 8—Electrical Refrigeration and 
Air Conditioning, by W. M. Timmerman, Gen 
Elec. Refrigeration Co. Movies. Meeting to 
bo held at Ohio Pwr. Oo., Canton, preceded by 

dinner at Elks Club. 

Baltimore *« 

Feb. 19— Some Features of Interest in 
Motor Driven Water Pumping Stations, by 
Leon Small, water engr., City of Baltimore. 

March 18—Subject to be announced. 
Speaker: Captain Greenlee, Director of Naval 
Experimental Station. 

Chicago 

Feb. 10 Modern Underground Cable 
Practise, by Herman Halperin, Common¬ 
wealth Edison Co. 

March 17-w-Oooiidination of Insulation, 
by F, E. Andrews, Pub. Serv. Oo. of Northern 
Illinois. 

Cleveland 

Fob. 18— Lightning—Recent Investiga¬ 
tions and Findings, by K. B. McEachron, Gen. 
Elec. Co., Schenectady, N. Y. 

March 24—Joint meeting with Case School 
of Applied Science Bi&nch. Speaker: Dr 
Dayton O. Miller. 

Dallas 

Feb. 26—Speaker: Dr. O, E. Skinner, pres; 
A.I.E.E., asst, director of engg., Westinghouse 
Elec. & Mfg. Oo. 

ft - 

v 
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21 ~ UNDBnan ftUND Construction 
0 4 BLB Developments, by John Oram, 

Detroit-Ann Arbor n 

Fob. 16— Fundamental Physical and Psy¬ 
chological Aspects op Television, by J. O 
Perr ne. Am Td & Tel. Oo. Demonstrations' 
Meeting to be held in the auditorium of the 
Michigan Bell Tel. Co. 

March 16— Vacuum Tubbs and Theib- 

eZ'TmZ'oo. ”■ “• V “» dOT ’ W-anghou.e 

Lehigh Valley 

Feb. 12— Airplane and Ship to Shore 
Communication, by Lloyd Espenschied, Am. 
Tob & 1 el. Oo. Meeting to be held in Chamber 
of Commerce Bldg., Scranton. 

March 18—Research—Industry’s Health 

’®rrs*,v- M ' K “° er ' 

Louisville 

Feb. 19— Lightning—Recent Investiga- 
Findings, by F. W. Peek, Jr., Gen. 

March 18— Men Who e£avb Made Elec¬ 
trical Engineering History. Meeting under 
the auspices of students at Univ. of Louisville 
Demonstrations. 

Lynn 

Feb. 17—Ladies’ night. 

F , e i ) * 24 —Mercury Vapor Steam Cycle, 
by Messrs. Sheldon and Ooulsen. 

March 0—Miracles in Nature, by Doctor 
Pillsbury. ^ 

Now York 

Power Group, Feb. 18— A-O. Low-Voltage 
Networks, by C. W. Pickells, New York & 
Queens Elec. Lt. & Pwr. Co.; A. Pinto, Otis 
Elevator Oo.; L. "A. Nettleton, Brooklyn Edison 
Oo, Meeting to be held at 7:3Q p.m. in the 
auditorium, Pub. Serv. Elec, and Gas Co., 80 
Park Place, Newark, N,J. Nominations for 
officers of the Power Group for the year 1932-33 • 
will be received at this meeting. '■ 


Past 
Section JWTeetin^si 


Baltimore 

Television-Jts Physical, Fundamental, 
and Psychological Principles, by J O 
err ne, Am. Tel. & Tel.. Oo. Demonstrations. 
Dinner meeting. Dec. 18." Att. 660. 

Boston 

Vertical Transportation, by A. S. Noyes, 
°°- Illustrated. Films— 
Virginia and “Buried Sunshine." Dec 8 
Att. 65. 

Cleveland 

Behind the Scenes, by Zay Jeffries, Gen."* 
Elec. Oo. W. L. Enfield outlined developments 
m lamp construction. Inspection trip through 
tlie lamp development laboratory of the Gen 
Elec. Co., moving pictures, and dinner. Dec’ 
17. Att. 173. 

Dallas 

Social meeting. Dec. 10. Att. 86. 

Denver 

Control of Commodity Prices, by M. F. 
Ooolbaugh, Colorado School of Mines. Dinner* 
Dec. 18. Att. 20. 

Precision Instruments, by A. W. Ainsworth 
Wm. Ainsworth & Sons. Dinner. Nov 20 
Att. 53. 

Erie * 

Electrons at Work and at Play, by 
Phillips Thomas, Westinghouse Elec. & Mfg. 
Co. Dec. 15. Att. 250. 

Florida 

Business meeting at which Prof. Melvin 
Price, c h a irman Florida State committee on 
engineers and employment organized by Amer. 
Ehgg. Council, spoke on the unemployment 
situation. Following this session the members 


took part In the Conference on Student Activi¬ 
ties of District No. 4, and gave attention and 

diSCUSSion to ma.nv mnara LJ. _. _ 


• -—- ujr avuuouiot 

Priies were awarded to the authors of the three 
best papers. The activities were concluded 
with a banquet at the Hotel Thomas. Dec 4 
*tt. % 4 fl* 

Aims and Activities of the Institute 
and Electrical iNDuSTir? in General, by 
Dr. O. E. Skinner, pres.*A.I.E.E., asst, director 
of engg., Westinghouse ElSc. & Mfg. Co. Jan. 
4. Att. 50. 

Port Wayne 

, A Method of ^Symmetrical Components, 
• by O. S. Allen, Gen. Elec. Co.; Heaviside’s 
Operational Calculus, by H. L. Boyer, Gen. 
Elec. Co. . Dec. 17, AtJ. 32. • 

Houston 

Arc Welding in # Buildino Construction, 
hy P. N. Vinthey, Dallas Pwr. & Lt. Co. Din¬ 
ner. Deg. i£. Att. 40. 

Indianapolis •• Lafayette 

Some Aspect# of the Control of Public 
Utilities, by Prof. L. M. Seam, Purdue Univ. 
Joint meeting with N.E.L.A. Dinner. Nov 
5. Att. 15®. # * 

IJecbnt Developments in the Electrical 
Field, by O. W. Fick, Gen. Mec. Co. Illus¬ 
trated. Dec. 18. Att. 50. 


Iowa 

Pbbbbnt and Future of the Electrical 
► Industry, by H. B. Hoflthaus, Des Moines 
Elec. Lt. Co.; Transmission for Sale, by 
O. L. Sampson, Northwestern Bell Tel. Co 
. Dinner. Dec. 16. Att. 16. 

• n 

Kansas City" 

Social gathering. Dec. 22. Att. 65. 

Iras Angeles 

The Great Australian Bush, by E. T. 
Bailey, pres. International Adventures. Illus¬ 
trated. Dinner. Dec. 8 . Att. 143 . 

Louisville 

The Engineers Place in the Sun, by Prof 
W. E. Freeman, Univ. of Kentucky and vice- 
pres. A.I.E.E. Dec.18. Att. 65. * 

Lynn *■ * 

The Story of Lightning, by K. B. McEach- 
ron, Gen. Elec. Co. Illustrated. Dec. 16. 

Att. 350. 

Milady Gobs Exploring, by Mrs. Elizabeth 
Dickey. Dec. 2. Att. 1,200. 

Madison 

* ■ Joint meeting with the Univ. of Wisconsin 
Branch at which three papers on Faraday were 
presented by students. Dec. 10. Att. 53 . 

Mempbisf 

_ ^Traoelesb Trolleys, by A. D. McWhorter, 
Memphis St. Railway Co. Dec. 8. Att. 35 . 

Mexico •- 

Annual banquet. Nov. 28. Att. 52. 

-Montana 

Illumination, by O. S. Bossier, Curtis 
Lighting Co. Refreshments. Dec. 3 . Att. 63 . 


1- Philadelphia • ' 

d 9 

" Social Satherlng. Dec. 14. Att.»250. 

3* 

Pittsburgh * 

d Recent Developments in Electrical Re- 
L search, by Philips Thomas, Westinghouse 

Elec. •& Mfg. Oo. Demonstrations. Joint 
e meeting y£th Engineers’ Soc. of Western Penn 
y Dec. 8. Att. 160. 

ir • * 

1 Portland 

The Story of Aluminum, by O. R. Boyle, 
Aluminum Oo. of Atneriea.. Moving pictures. 
Nov. 17. Att. 80. 

b Determination of Economic Voltage and 
. Gable Size for Underground Transmission, 
by John Bankus, Gen. qieo. Co.; Mechanical 
Strength of Wire Holders as Determined 
by Test, by Corbett AJcLean and M. O. Parker 
. Northwestern Elec. Co.; Latest Trend in 
Subway and Trench Lay Cable, by R. C. 
Schuknecht and T. W. Swartz, Northwestern 
Elec. Co.; A Special Application of the • 
Potentiometer, by J. L. Watson and R. ' 
Gleeson, Gen. Elec. Oo. John.Bankus awarded 
*25.00 Section prize for presentation of the best 
paper. Joint meeting with Oregon State College 
Branch. Dec. 8. Att. 74 . 

Providence ( 

Dbion and Deion Grid Oil Circuit Bhbak- 
bks, by Theodore Braaten, Westinghouse Elec. 

& Mfg. Oo. Dinner. Oct. 13 . Att. 40. 

Trolley Ooaoh^ and Electrically Oper¬ 
ated Buses, by J. O. TJiirlwall, Gen. Elec. Oo 
Dinner. Dec. 8. Att. 220. 

St. Louis 

, ^ Hs Osage HydSoblectrio Project, by 
R. R. Wisher, Union Elec. Lt. & Pwr.. Co. 

Lake of the Ozarks”. Dec. 16. Att. 290. 
San Francisco 

OalifoAjia State Water Problem, by 
Lester S. Ready, consulting engr. Dec 4 
Att. 73. 

Seattle 

Symposium on Rural Electrification, by 
t ‘ /• Gm °' Pu « 0fc Sound Pwr. & Lt. Co., and 
Smitb ' Secy. State Committee on Relation ( 
of Electricity to Agriculture. Dinner, Dec. 15 . 
Att. 60. * * * 

j 

Sharon 

Television—Its Psychologioal Effects, 
byJ. O. Perrine, Am. Tel. & Tel. Co. Dec. 22 i 

Att. 200. 1 

Spokane * 

■d of Sawdust Briquets, by. n 

^L T ^ BowUng ’ Potlafcc h Forests Inc. Dec. 16. t 

Att. 25. * A 


Vancouver ' '■ 

Design of the ModIirn Radio Re¬ 
ceiver, by, V. W. M. Fouracre, Northern Elec 
Co. Dec. 7. Att. 55 . 

' Washington 

* International (Comparison of Electrical 
- Standards, by O. W. Vinal, and The Inter¬ 
national Illuminating Oongkess of 193 I, 
by E. O. Crittenden, both of Bureau of Stand¬ 
ards. Dinner. Dec. 8 . Att. 75 . 

Worcester r 

Adventures in Science, by E. L. Manning, 
Gen. Elec. Co. Joint meeting with engineering 
societies in Worcester. Dec. 9 . Att. 1,000 


* 

• Pasl 

Brand* ]VIe <^finejs 


University of Akron 1 

The Progress of Radio, by John Qhenot, 
student; Refrigeration, by R. Gerber, student 
Dec. 9. Att. 15. 

Alabama Polytechnic Institute 
General discussion. Dec. 2 . Att. 8 . 
Machines, by Prof. A. Thomas. T. N. Pyke 
student, outlined his experiences at the Con¬ 
ference on Student Activities of District No. 4 
held at the Univ. of Florida. Dec. 10 . Att. 29.’ 

University of Arkansas 

Railway Signals, by F. S. Raedels, stuefent; 
Potentiometers, by M. N. Shofner, student; 
Use of Library and Teohnioal Joubnalb, by 
W. J. Pruett, student. Dec. 16. Att. 30 
Standardization Rules, by H. L. Scott, 
student; Standardhation Laboratory, by 

O. M. Huggler, student; Electrical Stand¬ 
ards, by P. H. Johnson, student. Jan, 6 . 
Att. 32. - 

Case Sc£opl of Applied Science 

Lectures and demonstrations on lighting 
Dec, 17. Att. 30. 

r 

Catholic University of America 
Transatlantic Gable Laying, by Prof, 
i.* J. McKavanagh, counselor. Dlustrated. 
Dec. 9. Att.,38. 


Syracuse 

T v^ I,I T r7 THB Giant New Industry, by 
J. D. Kelly, Westinghouse Elec. &*Mfg Oo 
Jan. 4. Att. 203.* K ' uo ’ 

Toledo 

Television—Its Fundamental, Physical, 
and Psychological Principles, by J o 
errine, Am. Tel. & Tel. Go. Dec. 10. Att. 800. 


New'York'. ’" 

^JDqntrol of Vehicular Traffic, by R. E. 

Ge Q- Oo., S. E. Kelley, Automatic 
Signal Engg. & Research Oorp., and J. G. Hum¬ 
mel. Grouse Hinds Go. Jan. 6 . Att. 200. 

Niagara Frontier 

. Deion Principle Applied to Large Circuit 
Breakers and Other Applications, by O. H 
Sanford, Westinghouse Elec. & Mfg. Go. Dec 
18. Att. 85. . ”* 

Oklahoma City 

_Rbobnt^7ibws on Atomic Structure, by 
Dodge, Univ. Of Oklahoma. Moving 
pictures, v.Dec, 21 . Att. 75 . 


Toronto 

VlBBATION AND FATIGUE IN ELECTRICAL 

/ 0 o i^ TT ^ OB ®’ by A - E ’ Da ^on, J, A. Ingles 
MarttrLOfl , Hydroelectric Pwr. Oomm' 
of Ontario. Dec. 11 . Ati. 100. . 

a A r PARBNT FAILm5E op Democracy, by 
A ’^, EeEury - University College. Joint meet- 
tog with Engg. Inst, of Canada. Jan. 8 . Att. 250. 

Utah 

^ Airway Lighting, by Alvin Priel, Dept, of 
Commerce. Nov. 9. Att. 38.' 

Elwood Bachman, Gen, Elec. Go., described 
electrical installation at the Film j>i 0Jn 
of the Hudson Bay Mining and Smelting 
Oo. Dinner. Dec. 14. Att. 32. 


University of Cincinnati 

Operating Experience with Low Voltage 

by L - L> Boach > Columbia 
Engg. & Mgt. Gorp. Dec. 9. Att. 40. ? 

Qemson Agricultural College 
_ A Mooring Mast on Wheels, by E. 0. 
Parker, student. M. M. Smith, student, out- 
toed current events in the electrical Industry. 

1 Dec. 10. Att. 33. * 

^ Thomas A. Edison, by O. P. Walker, student. 
Moving pictures. Jan. 7. Att. 30 . 

Colorado State Agricultural College 

Organization of Doherty Cadet System 
of Public Service Oo. pp Colorado, by 
Thomas Gray, Public Service Go. of Oolo. 
Dec. 7. Att. 17. 

Application of Electrical Heat in An¬ 
nealing, by John Kay, student. Dec. 14. 

: Att; 18. ’ ■ 

Cooper Union 

The Wilkins Expedition to Polar Re¬ 
gions, by John A.. Lundbeck, member of the 
electrical crew of the submarine “Nautilus." 
Dec. 11 . Att. 65. 

ELBCIBICAL ENGINEERING 



Cornell University’ - # ; ^ 

The Present Economic Situation, by'Dean 
• D. S. Kimball. Joint meeting with Ithaca 
Section. Dec. 11. Att. 52. ’ 

University of Detroit 

Substation Operation, ’by Francis Moran, 
student; Radio Receiving Tubes, by Louis 
McNabb, student. Films—“Audion” and 
That Little Big Fellow." Dec. 10. Att. 28. 

University of Florida 

Some Institute Problems, by Dr. O. E. 
Skinner, pres. A.I.E.E., asst, director of engg., 
Wesfcinghouse Elec. & Mfg. Co. Jan. 5. Att. 165. 

Georgia School of Technology 

Residence Lighting and Eye Conserva¬ 
tion, by H. M. Horton, Gen. Elec. Co. Illus¬ 
trated. Dec. 8. Att. 55. 

Harvard University 

History and Recent Development op the 
Kennblly-Hbavisidb Layer, by H. R. Mimno* 
Television, by J. H. Wright, student. Doc. 9.’ 
Att. 33. 


% 
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Missouri School of Mines and Metallurgy 
Prof. I. H. LdVett, counselor, and W. O. 
Woods, chairman, discussed electi^flcation of 
railways. Rex Horn, student, described the 
uses of mercury arc rectifiers in electric railways 
Dec. 9. Att. 11 . , 

Montana^State College , 

Ten papers presented by student!* Dec 3 
Att. 119. • , 

Illumination, by E. Bossier, Curtis T.i ght.w 

Go. Joint meeting with Montana Section. 
Dec. 3. Att. 34. 

Six papers presented by students. Dec io 
Att. 114. • 

University of Nebraska ' 

The Photo blbotrij Cell, by P. Jorgeson, 
student; The Potash Industry of Western 
Nebraska, by E. Knight, student. l)ec. 9. 
Att. 16. 


University of Illinois 

_ I'itm "Blasting tho Waterways of America ” 
Dec. 9. Alt. 25. 

'I’rans'youmek and Rectifier Connections, 
by Dean A. 8. Langsdonf, Washington Univ’ 
Dec. 17. Att. 160. 

Iowa State College * 

Election of officers ns follows: E. K. Rohr 
chairman; M. D. Buttolph, vice-chairman; A. F.' 
Zissler, socy.; F. G. Holdcroft, troas. Dec 10 
Att. 40. 

University of Kansas . 

Klydonoguaph, by j. D. Swofford, student. 
Dec. 10. Att. 30. 

Election of officers as follows: Wm. ICyte, 
chairman; Louis Farbor, vice-chairman;. Max 
Braunlngor, secy.; Glen Walcoly, treas. Moving 
pictures. Jan. 7. Att. 47. 

• University of Kentucky 

Short Wave Transmission, by J. O. Starks, 
student. Doc. 17. Att. 39 . ’ 

Lewis Institute 

What Gobs on in a Power House, by A. L. 
Peterson, Commonwealth Edison Co. Dec 4 
Att. 125. „ ; 

University of*Louisville 
General discussion. Dec.-lS. Att. 21. 
Marquette University 

The Electrical Profession, Develop¬ 
ment, and Organization of the A.I.E.E., by 
O. H. Krueger, chairman, Milwaukee Sec. 
Oct. 8. Att. 26. 

Massachusetts Institute of'VechnoIogy 

Opportunities of the Young Electrical 
Engineering Graduate in a Large Manu¬ 
facturing Company, by E. O. Shreve, Gen. 
Elec. Co. Dinner and smolcer followed. Dec 
16. Att. 250. 

University o$ Michigan 

Commercial Aspects of a Public Utility, 
by A, D. Mqjliay, Detroit Edison Co. Dec. 8 
Att. 62. , 

f 

School of Engineering of Milwaukee 

The History of the A.I.E.E., by Taylor 
Docker and H. R. Spike, students. Film— 
“The Single Ridge.” Dec. 10. Att. 37. 


University of Minnesota 

Inspection trip through the Pillsbury flour 
mills. Nov. 13. Att. 75. 

Life of Faraday, by Edward Loye, student. 
Dec. 8. Att. 13. 

Mississippi A. & M. College 
The Life of Thomas A. Edxbon, by O. R. 
LiUybridge, student. Illustrated. Dec, 8. 
Att, 30.. . . -» 


University of Nevada 

' Brushes AND Commutation, by E. Zelgler 
Westinghouse Elec. & Mfg. Co. Nov, 18. Att. 22.’ 

Newark College of Engineering 
Electrical Engineering Experiences in 
Brazil, by W. V. VanDyck, International Gen. 
Elec. Co. Dec. 16. Att. 35. 

Life of Thomas A. Edison, by Prof. J O 
Peet, counselor. Jan. 4. Att. 14 . 

University of New Hampshire 
Motion pictures. Nov. 28. Att. 31. 

_ The Cold ^Cathode ®nb-Hundrbd and 
Ten Volt Gaseous Ildumina, by O. O. Dolloff. 
student. Dec. 5. Att. 30. 

University of New Mexico 

Smoker. Film—"Dynamic America.” Dec. 
9. "At/t. 35. 

V. Brown, student, described his experiences 
while employed by the Wesfcingfiouse Elec & 
Mfg. Co. Dec. 16 . Att. 9. , 

College of the City of New York 
Informal dance. Nov. 19. Att. 48. 

The Life of Faraday and His Contribu¬ 
tions to Science, by I. E. Lawlor, student; 
Faraday and Henry, by J. Raggazsdni, student. 
Dec. 17. Att. 35. 

New York University 

Noise in Machinery, by H. O. Fleming, 
student; The Use of Photoelectric Cells 
in Photometry, by E. H. Osterland, student. 
Nov. 17. Att. 14. 

Intbrueban Railway Transportation, by 
J. P. Monroe, student; Electron Tubes, by 
L. E. Dinnar, student. Dec. 1. Att. 15. 

* North Carolina State College 

Banquet. Nov. 23. Att. 48. ' 

_ Home Lighting, by J, O. McKinney, student; 
Prof. R. $, Fouraker, counselor, and G. E, 
Ritchie, chairman, gave reports of the activities 
at the Conference on Student Activities of 
District No. 4, held at the University of Florida. 
Dec. 8. Att. 28. 

University of North Dakota 

Relative to Relativity, by Prof O W 
Byers. Dec. 9. Att. 26. ’ *• 

Northeastern University 

Cables, TheIr Construction and Use, by 
E. W. Davis, Simplex Wire & Cable Go. Re¬ 
freshments. Doc. 4. Att, 42. 

Ohio University .'••••• 

Film—"Burled Sunshine." Jan. 6. Att. 30. 


Oklahoma A. & M. College 

Talks by several students. Nov, 23, Att. 25. 
The Development, Theory, and Applica¬ 
tion of Watt-Hour Meters, by Harold 
Brown, student. Dec. 7. Att. 80. 

Oregon State College 
Joint meeting with the Portland Section, 
(See report under "Past Section Meetings.’’) 
*Dec. 8. Att. 82. . . y.- - 
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Pejmsylvania S^ate College * ’ * 

Railway Signaling Devices and Their 
Applicati3n, by Mr. Rice; The Sonotonb and 
Its Fundamental Construction, Ity Mr. Holt 
Dec. 9. Att. 46. • 

Pratt Institute 

Film “The Story of an Electric Meter.* 
Dec. 21. Att. 24. * * 

Rensselaer Polytechnic Institute 

A-C. Networks, by d. K. Blake* Gen. Elec. 
Go. Dec. 8. Att. 100. • 

Rhode Island State College 

Film "The Electrifc Shlp^’ Dec. 3. Att. 30 
Action of the “Nodbn Valve" Rectifier,' . 
by M. J. Carr, student; The Common "Tungar" • 
Rectifier, by Joseph Strauss and George 
Freedman, students. €>ec. 40. Att* 18. * 
Inspection trips through the Industrial Trust • 
Building and the Narragansett Elec. Lt. Co., 
followed by a lecture on Television, by J O 
Perrlne, Am. Te!. & Tel. Co. Dec. 15. Att. is.’ 

Mercury Arc Rectifiers, by A F/eSchmidt. 
student. Dec. 17. Att. 10. 

Rice Institute * 

Discussion. Jan. 6. Att. 11 . • 

Rose Polytechnic Institute 
Thomas A. Edison, by Wnyho Plimraer. 
student. Dec.»9. Att. 38 . • 

University of Santa Clara 

A - Edlson ” Joint meeting 
with A.S.M.E. Dec. 10. Att. 89. 

University of South Carolina • 

Election of officers as follows: A. R. Urquhart, 
chairman; H. G. Smith, vice-chairman: E. O 
Salley, secy .-treas. Dec. 10. Att. 31 . 

South Dakota State School of-Mines * 
General discussion. Dec. 3. Att. 30. 

University of Southern California 

Ship to Shore Communication, by Paul 

Johnson, Pacific Tel. & Tel. Oo. Dec. 2 . Att. 26 . 

Applications of Thyratron Tubrb, by 
Berdett Ives, Gen. Elec. Oo. Dec. 9. Att. 23 . 

Southern Methodist University 
. Difb Wo&kb of Thomas A. Edison, by 
A. Fellrath, student. Illustrated. Joint meet- 
Jpg with A.S.M.E, Branch. Oct. 9. Att. 32. 
Stanford University ' ( 

1, Hfspection trip through Pacific Gas & Elec 
Go. Station A. Oct. 24. Att. 22. 

Photo-Telegraphy Equipment, by W. Noel 
Eldred, student. Dec. 3. Att. 21 . 

• inspection trip through an exchange of 
Pacific Tel, Sc Tel. Co., San Francisco. Dec 4 
Att. 23, 

Stevens Institute of Technology 

Talk by Ool. O. O. Gunther on the Reserve 
Officers Training Corps, Dec. 11. .Att. 38 
tt H^Wfon trip through the U.S.S. Akron and 
U.S.S. Los Angeles. Nov. 27. Att. 30. 

University of Tennessee • 

The Life of Thomas A. Edison, by O. J. 

Bryn, student. Illustrated. Nov. 25. Att. 65 . 

Texas A. A M. College 

_ General discussion of Branch activities 
Dec. 7. Att. 20 . 

Business meeting. Jan. 7. Att. 26. 

Texas Technological College 

Talks by Prof. L. S. Grandy and Dean Wm. 

•J. Miller on the activities of the A.I.E.E. Film— 

“Magic of Communications." Nov. 23. Att. 27. 

University of Texas 

H. P. Woods, student, described a new pro¬ 
posed method of solving constants of the 
Fourier series by means of electromechanical 
m e c hanisms , Oct. 22. Att. 12 . 

University of Utah 

9 unlight Lamps, by W, Ottenstein, student; 
Mercury Arc Lamps, by E. I. Christensen 
student. Dec. 3,, Att, 27 . 
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,n Yo ? ,rfay ^ PlunOs, GenfElec. do. Dec. 
10. Att. 65. ^ 

University of Vermont f 

Nw A 23° Il Att R 18 RBWCB ’ ^ Mr ' L ° San ' student - 
Film— “The Single Eidge.” Dec. 7. Att. 33 . 

^Virginia Military Institute 

Electrical REFRioiaATion, ,by R. J 
Meybin, student; “Deforest—The MajC Who 
Made Radio Broadcasting Possible,” by 
J. Roberts, studfint; An Automatic Diesel 
Electric Plant, by H. J. Pence, student; The 

5^ TE " EPHONE c- by T * J Moore, student. 

„ ■i-'ec. O. Att. 55. n 

* 0 ,Y ABO ’ S Nbw Wireless "Antenna, by R. P. 
Sledge, student; Sound Pictures, by O E 
Schodhover, student; $hb Niagara Power 
Development, by S. J. Stone, student; A 
Power Platnt That Plies, by G. B. Hightower, 
student; The Restoration of the Beauty of 
Niagara, by 8. J. Mergenhagen, student. 
Dec. 22. r Aljt. 54. r 

The Communication System of the Wal¬ 
dorf-Astoria. by W. L. Kelly, student; Ti?b 
Effects.of Electric Shock, by C. S. Betts, 


student; Neon Electric Signs, by O. A. Payne,- 
student; The Work of thbCArmy Air Corps,’ 
by W. P. DbSaussure. student. Jan" 4 . Att. 57. 

Virginia Polytechnic Institute ' r 

Reports of the Conference on Student Activi¬ 
ties of District No. 4, held at the Univ. of Florida 

Dec 6 lT^Att Wh ° afetended th£& me eting. 

State College of Washington - ° 

Films “industrious Diamonds," "The Tele¬ 
phone,” and “Voice Highways.” Dec. 4. Att. 37. 

Washington University r f 

Operation of the St. Louis Municipal 
Police RAmo Broadcasting System, by Louis 
oiech, student. Dec. 11 . Att. 17. 

Unfcrer^ity of Wyoming 
Film “The Single Ridge.” Nov. 20. Att 21 
w ^“^Development of the Microphone', by 
F. Wickenkamp, student; ‘Electrical Aids to 
Blind Flying, by T. R. Hance, student. Dec 
1. Att. 6. < 

Yale University 

Acoustics, by S. K. Wolfe. "Dec. 8 . Att. 44. 


Employment ISToies. 

Engineclog Societies Employment Service 


EI^GG. E-XEO., 33, married. Elec anil in 
utilf^v' m mgmfc- • des j8 n and constr. witfi leading 

sSs-paSSsiB 

oMndust. andpwr 
Ifeofo, Location> N.Y.'metropolitan district! 

r 

GRAD. Married. 15 yr. with cWi.rifl. 

motor’ nJmtM 1 *? 1 ** 011, ? ener ation, substations 
motor applications ano controls HffhHnn* -a-,* 

as applied to utilities, coal mining, cemSmilS' 
furnaces, automotive Industrie^ ExDeri- 
once covers estimates, design, layouts conch* 

stLsasr-oW*-® 

coS? is ssafuasrif at? 

^tlf 0nsfc I ucti ? n of utilities and industrSRlIj 

itiS- E «w id t^ dus - background in exec, capac- 
elec ‘ ^d mech. engg., steel industry 
eugg-, mining industries;con£fiS 

P TbiisMnlfii^-’ . fiel d; technicaVeditor in 

Su^JrUg field, versed in economics and mgmt 
a able to connflwi.i’ionAnnon«ni a _«r %«* 


pui 


or.L 




in elect. 
Familiar 
including 


Men * 

Available 

Construction 

E.E., 33, 10 yr. practical 
construction work on new buncu 

all brandies of elect, contracting t_ 

estimating, field engg. and purchasing Has m™. 
complete charge of electrical worir in various 
large building projecta-in New York Oity. A-85Q, 

.. ®.E., 34, married, te chnica l educa- 

d^fres position with utility. Exceptional 
^■biRty to underground transmission and^distrl- 
burion systems. One yr. central station con- 
^•ruction experience. Location, immaterial 

Available on short notice. D- 278 . immaT;enal v 

Design and Development 

ms s- 

.aa» s$s 

fix* sJSmT 1 iSr 

. F.E.. M.E. DESIGN ENOTl 

sierr TTi’nph 1 * 10 fx? 6 * 1 ® 10 ® development and di- 
apparatus; special machinl 
knowledge manufacturing; 5 

rasffi Sugg™?*'tT3rtld?SsS£f 

8BS3SPS?«s?Ber*: 

PL ANT ENGR. 15 yr. exp in draft- 
ing, design, and construction; dec and Wh 
including complete miU and pm 
generating equipment. Englfeh scEwlhig 6 ^ 

technical training. American dtSSn&nSuT- 
itoce. Sq ^ 9747 f ratInS and “atatwancB expfill 

j*§!aag-&as2Si,ta® a Si&i 

aww^ssss# 

STBHhT^T?'?^ 11 ” P.9 R MER CORNELL IN- 
rnkir„ OT 9. :R J ;c i machine design for 4 vt AiitL 
palmers designers and chX® n iiS 

.l46;r :• ' * 


teansformer design experience. Desires position 
with utility engg. or mfg. concern. D- 2(?9 

Draftsmen 

Available at once. Location, any^hSe. Wo 9 .' 

J5SBS5E 

K« c °S-S on to 6l “- “ d - 

Executives 

HYDRO-ELEO. ENGR., 31 
maMed. 2 yr. exp. marine elec, installation 8 7 
nwr 6X ni, d£ ^ g U’ construction of steam and hydro 
transm la ^^ S ri 2V^ ip0 , 1 ) and bidoor substations, 
plaut^'nffli.n S s 1 fcr - dues, wiring dlag., Indus, 
pants, office bids., estimating, preparation of 


arT/Tonir* • m economics and mgmt 

hmm^dla t^°°? erat S Personnel. Available 
immediately. Location immaterial. B- 4905 . 

y*"- ex P- with utilities and 
design, and valuation 
or pwr, plants, substations and transm linn.q 

SSnMSglnd 11 ^ 11 utmty I1 or engg - Arm whera 

PNGG- EXECUTIVE. 33, E.E. and ME 
strm*Hm-fH S^erience in mgmt., design, teon- 
struction, production, accounting, and sales 

mfr 7 1111(1 utility desires position 
raoSw w^r« WO n rk « “gr- or other executive 

J judlcial disposition 

show up SrVufteI 04297 . a “ Wi-1F * M "^ 

flr^Hnoh^^ 161 ’ w i fch 3 ense- and construction 
nrms, including system planning design ran. 

vi3m? 0 ^ cost ss^mating and construction super- 
of Poy f f plantsf substation S K- 
sthdiM ^uilities for utilities and industrials. 
Studies of operating economics. B-4553. 

Five yr, with 
Five yr. 
mer on 

mnusuiai worn Familiar with 
layout, elec, equipment, and wiring for 
central stations and industrial plants. B-6274. 

POwe?'aS? ex P 0ri °nce principally in 

oflOTing Smi ^v engg - desires position 
SS.2 r e i“-^ experience. Eastern 


E.E. ftrnH P. T» T oa _ 




N. 


57 Post St. 

San Francisco 
D. Cook, Manager 


205 West Wacker Drive 
Chicago 

L. E. Griffith, Manager 


’ 31 West 30th St. 
New York 

W. V. Brown, Manager 


hAAINTAINED by the national socie- 
, 1 ties °f civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring foil information concern¬ 
ing the services of this bureau. 

.Men Available.— Brief announcements 
will be published without charge ; repeated 
only upon specific request? and after one 
month’s interval. Names and records 
remain oh file for three months; renewable 
upon request. Send announcements direct 
to Employment Seridce, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 


Opportunities. —A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of S3 per quarter or $10 per 
annum, payable in advance. 

Voluntary Contributions. —Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within’30 days after placed 
ment on the basis of 1.5 per cent of the 
first year’s salary. t 1 

*j!> nSW * rS 1:0 Announcements.—• 
Address the key number indicated in 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 

»■ 


. Electrical Engineering 



E, E,, 30, 8 yr. broad utility experience desirfes 
new association. Executive abilitv imKmnno 
*“ d seriously seeking opnortiVty wSere diS^s 
can be expected in exchange'for effort E 
.ground of practical and administrative detain* 
power distribution plants. Keenly interested in 
1 9 a * lon ' coordinated commercial 
technical problems. Middlewest preferred not 
essential. 0-9059. mwieirea, not 

<* EXECUTIVE ENGR.* 54. widower sen ’ 
mgr., small utility. Asst, mgr., dist. mgr of 
larger organization. Over 20 yr. executive ex¬ 
perience in operation of small town utilities 
Also qualified as valuation and ra te Oturn ATtf.ll' 


ferred but interested in any localitv wham t.Vn>m 
^opportunity. Availabfe ^n s y hort noS^ 6 




Financial 



Twelve .r*-* it^uiuuux’, 

a }Smt. corp.; 8 months intensive anlrso 

:b»»v™S? 2i"KS 1 T l S?^S k 

toancial and fact finding investigations by out- 

ssl® a# 

* 

Instruction > 

UNIV. OP WASHINGTON GRAD F F 
2 yr with Beti Tel. Lab., 5 yr tkching eiec aSd 

• wnrTr‘w?^?'i 5111(1 2 P’’ tesfc mg and experimental 
work with bus and truck manufacturer Db. 

fa^rft 8 J ,os ^ ^ 0, i with automobile or truck inanu- 
on°n. l?!7SB0.' l “ U ‘ m0tlV '' “ BB - A ™ U - 

tZhw? w , t(j aching; also interested in drafting 

imS 0n b-22 , r <ier,al - ^ allable Son St 

A t 3 !? 1 ™ G i* AD -' member Tau Bbta PI, Assoc. 
A, 1.1 j.It,., degiocs B.S., will teach mathematics 
power plant design, or structural design. B- 5551 .’ 

Maintenance and Operation 

cnnlir.VcH^i marr { ut . 1 ' I 2 yr. experience in the 
construction, maintenance and operation of 

power house auxiliaries, high voltage switching 
equipment. Substations, switch^mM erection 
and wiring, control wiring and relay annlications 
Location, immaterial. Available at once. 0-273! 

. .J®*®’ Grad. 33 years, wide experience in oncra- 
tion and. maintenance of both steam and hvdro 

powHT plants anr! rmntHki'Inn A 1.-—_111 



—w* iuuuauiicL 

preferred. B-4007. 

knowLl'2 0 m of t =Sn Utives F we ^ as a thorough 
EMLH»6? S f 1Ung and of merchandising. 

Testing » % p 

1^30 E.E., Droxel Inst., 24% single l v vt< 
on P di«t ei iP e ,- n maldng complete akrtricll^teste 
n, » fclon ’ po , wer and rectifier transformers 
®?d 1 ? eterin g equipment. Also G.E. test floor 
bfdivo+vuPi 6 ^ Desires Position with utility or 
«£ US 4 trial ““cem Available at once. Loca¬ 
tion, immaterial, 0 - 9913 . uoea- 

.T uni or Engineers 

. U131 GRAD. E.E.,«of 5 yr. co-op. school 23 
single. Experience includes machine shon’ 
^telephone central office trouble shooting ami 
' nnl?i« mu ^S Ipa ] flro alarm system ID’esS 
bottom 11 °r utility. Willing to stert It 

factor™.' oSSa?®"* preferred: elsewhere satis- 

sinlna 1 •?<*** GRAD., Midwestern college, 24, 
single. One yr. student engr. on G E test 

ioSce 0nC 0-94«™ 1Shed ; Avadable on 2 wlc! 

E.E., 1929, single, 23. Fifteen months 

hm Stl tuui lt o^ r i,? n test - Some test, draft¬ 
ing, and switchboard construction experience 
before graduation. Interested in position Idth 
concern doing consulting or construction work 

< r^ 1 T f a Available at once. Local 
tion anywhere in U.S. £-8028. 

1931 GRAD. E.E., single, 22, American 
Desires position in the elect, industry with an 
opportunity for advancement. Chicago resi- 

ImmfSly" I ?MK»9?' Available 

equipment, also knowledge of photoelectric 

•*> 


Kerably i\dio or one of its affiliated branch^. 
uHi^tf/ eu ?r h? protective relay systems with 
Yoom" a i 8 copt u P,with radio industry since 

fflgn. S D a -290 SGCOndary - LoCatlon - ™“ 

JUNIOR ENGR., 26, single Desire* eon 

^ cture industry or* 
mm. G.E^test course, utility dis- 
tributipn test experience. Test, design y con¬ 
struction, maintenance 2nd engg work in radio 

ggSg? Plantp S^teSi! 

E.E. GRAD., Midwest univ., 23, single. 
Three months experience with largo utility 3 
months with elect, contacting and construction 
?°mpany. Desires .utility work, especially in- 
plW 3 ' transmission, distribu- 

ftateXTSSl. ^elopmaat. Wt£S. 

tiss tt'3 hoa 53s,“Srai cl t 

SS£ as230 WCO1 W °' k ' A, . iUl! ‘“» “ *'■»« 

ft 

E. E. GRAD., 22, single. Exhpi’fJlnpArt It* 
pcvwer transformer repairing, overhead and 
underground systems *3? 


• f 



1U 

sksmst; SKr^«as5s-*K- 

aScB"o?B 410 LoC “”°’ !lni * rhero -. AvaSabte 

. -U' U•, Pratt 1931. Experience in vaciittrn 
tubes, resistors, technical and general office' 
work. Desires employment in radio, television 


waSon -sras? oVtodSiasiobS 88 eLS 

.^nassSioS.-g^i 0 '® 18 ^ 

from 3 Monlfna' fc^boIl'eRa^^aeckfco^w 
in T u Ulity work. IxcellSit achllS 
nt^^ o ^ < w° 0a li imma J lerial> f °reign western or 

SSdtoteSy. gPeriencedesiyabie. Ivailabloim- 


, —— »»» uxv 

•a* accoimting. juxcouonc references. Vi 
cept position anywhere in U.S. 0-7796. 

„ , 2 9* carried. Wnstinghouse and West- 

eonH^riiwiintnilning. Five yr. maintenance and 
construction, 2 yr. power plant construction and 

mS’’ ^?i?fu? d layoilt - Desires position with 

mf^nV?u Sg ‘ ii. U « y v.? r ry - c ,? ncorn - Location, im- 
matericU, Available on short notice. D-257. 

w U S TI ? IJS L^ ND MAINTENANCE 
nUP i ., E.E. Grad., 37, married. Thirteen vr 
experience in the utility field, partichlarlv in 
• ?k>?f-^V Sfc r lcMon 1 a, , ld maintenance of distrib™ 

a«S c “K ration “ d ^=“25 

Research 

1931E.H. GRAD,, 23, single. Desires nosi- 
nW Jfi!',, 1 , a^y mfg., utility, concern, or in^any 
l Position in design and 
i»Uto application and use of vacuum 
^jtbos. Willing to start at the* bottom. Loca- 
ion, immaterial. Available immediately. D- 221 . 

. M.r.l . GRAD. E.E., 35, married. Six vr 
im < u US J ir . and , Coaching experience in e.e. Sev- 
enuJ years private research and development 
work on own initiative. Good ability, integrity, 
P? rsona bty, Desires position for life worlt. 
C-2826 >n prefcrred ’ Middlewest or South. 

<!% 

32. married, 12 yr. experience 

ninnt > °on^ ri< ;«n i Ug0 °\ ( p' infrs -’ desiras develop- 
^th small company. Experience 
mostly with vacuum or gas discharge devices 
, good theoretical knowledge of high S frequeney 
currents (Harvard graduate); physical chemfe. 
try. particularly thermodynamics, theoretical 
mechanics, and probability theory. B-8390. 

Sales 

m S 0] wjt^£S C I AT i MGR., 49, married. Grad, 
nf bbif ? P' P 1 ? 0 ; pwr - companies in charge 
sale . °f industrial ^ power and equipment. 
Handled domestic sales. 1 * Trained salesmen. 
D^o re fults. Previous 8 yr. handled men high 
+2Sr 0I w^ droel ^ tric construction and opera- 
ttom Will consider any location. D-250-3112- 
O-2-San Francisco. 

E. E., Cornell Un v. 1925, G.E. test course and 
4 yr- sales engr. with Gen. Elec. Co. Desires 
position with industrial concern, consulting 
engg. firm or utility. Southern location pre- 
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Recommended 
for Transfer 

', n ? be hoard of examiners, at Its meetings on the 

To Grade of Fellow (Jan. 20, 1932) 

Foote, Japies H,,supervising elec, engr ,Oom- 
MiST & Southern, Corp.?^^Saclbon, 

Kloeffler, Royco G„prof, of elec. engg. and head 
of dept,,Kansas State Ool M Manhattaii. 

To Grade of Member (Dec. 22, 1931) 

Cornelius, Clinton 0„supt.,overhead systems 

K&>?(Kmo 88 °“ y ■ Pwr - * L “- °»- 

““■& 8 VT 8 

Hollister, Vernon L. consulting engr. .prof. elec. 
Nebraska, Lincoln. 

Hotojpp, Alfred H.,Jr.,dlvn. engr.,Wired Radio, 
lnc. .Ampere, N.J, 

Kalantsr, H. Hamaz, elec, oner.,New York, N.Y. 

L ° U ^ew r York N'^ n8r ' ,Ja ' n & Moreland * 
Maxwell, John F.,hoad of distribution divn. E.E. 

.ErUson FIec. Ilium, Oo.,Boston, Mass. 
Mcqarty, Roy A. 1 mgr.,pwr. engg. dept.,West- 
Ingbouse Elec. & Mfg.Oo..ETPittsburgh,Pa. 
MowdawaUa, Framroze N.,exec. engr.,Hydro 
w J S1 Fw 3 5 epti " 1 C fe epauk8 Madras, India 
New n^’-S- d ^ rd T.,patent examiner, U.S. Pat. 
Off.,Washington, D.O. 

Peek, Joseph W„elec. engr.,Cleveland Elec. 
Ilium. Oo.,Cleveland, O. 


w °%fe!ofc t b“^ A, ”“ r,Ci,n Elee - 

To Grade of Member (Jan. 20, 1932) 

D0r0 DeSr^|aSS. H ■ , 80168 engr " Gen - Elec - Co - 

EWa OorSSwYork i0f engr - The Teleregister' 
Gra ^MiOTay G.,sales engr.,Gen. Elec.Oo..Den- 

Hall ?f, aa * as sfc -T.? ngr - N - Y - ^ Queens 

Wo . Ele S,'.Lt- & Pwr. Oo.,Flxishlng. N.Y. 

Ne5H™,OoTn gr " Tlie Ooimectlcut G«>.. 

&A^Fa aaeb0US0 Me *' 
design ’ Mldlaad 

Lindberg, Wm. A.,engr. of circuit design and ser- 
Commonwealth Edison 

a* Oo-iOhicago, ni. 

°ties E Offi3iiati?OMo Sr - ,ClePt - ° f pub ’ uMU - 


pplications 
for Election 


Applications have been received by the sec¬ 
retary from the following candidates for election 
te membership in the Institute. Unless other- 
^ se . fodicated, the applicant has applied for 
Associate. If the applicant has 
admission to a grade higher 
Associate, the grade follows Immediately 
FiT member objecting to the 
any * of *bese candidates Would so 
Inform the secreteu^r before February 29,1932. 

Abrahamson,O.O.,Square D Oo.,Phlla.,Pa. 
Adams,R.O..Dayton Pwr,& Lt.Oo .Ohte 
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J.Bcll Tel.Co.,Newark • 

AJ&.n, F. SBell Tel.Lalk ,N. YCity 
A]liascm,A.R,.qol.City of Detroit,Mich. e* 

O^/OaUf! Mmtary Acad ^py. Oulver 

AndMR!B. l Bgi Tel.Labs.,N.Y.Oity 

• AA^S’ri’CT^C 08 ? ^ ate Teachers Col.,Oalif. 

H-.Eberle Tanning Oo., Westfield Pa 
AsmaJmjJ.W..Union Gas & Flec.Co.,Cincinnati, 

* Asi «us,W.F. ,57 E. 101st Place,Chicago,Ill. 
®ahr,PjA,,Gen I Elec.G^, Schenectady N .Y 

Ba ton 'Mass° rtWaVa &#Televlslon Corp.,Bos- 
Ge ,S’l Serv.Oo. .Marion 

BenardPia U nflS 3 5 ep f’ F H am P 01386011 -Tex. 
«S.afe?5D?|. d Investlg aciones Geofisi- 

* B^f^^ , l;4-¥ 0 * 3 *Sy ra * !use - N -Y. 

BlUow,W.K.,P u b.Serv.Co.of Colorado,Denver 
Blahna.C.,United Air Cleaner Coro Chicago Ill 
Vr • E . D. N^.2, Sandy .Utah e °’ 

• Boyles, A .*W. ,Gen ’MSlecSOo., Schenectady N Y 
Bratmsdorff,A.H. .Kaelberer Elec.Co. .iSattoon, 

Br0T sa^ B y'lUans^* 101141 Tek) vMon ■ Inc • - Kan- 

w “t" i?, 011 e S e -Bozeman, Montana 

M5*?% J -£ ten 1 Elec.Co.,Erie,Pa. a 

.“ssa^ p^. 

Cabrera,, I.,P.°. Box lee.Angola.Ind. 

' N Y C«ty emb * er),yO0rheea Gmeli11 & Walker, 
riS? F^Q-No.11 /Westport, Conn 

°^waSkee,Wi^"' P ' Utler '^ Ia ? lnier ’ Inc - Mu - 
Ohen, S. .Mass.Inst.of Tech. .Cambridge Mass 
n® el1 Tel.Ca.Atoon/Shio 

^ T)opt. of Commerce,Detroit, • 

Clay ver William Ainsworth & Sons.Den- 

t'tS’ W ¥ otor Co. .Dearborn,Mich. 

° PifteMi'^P^® 1101186 Eleo & Mf «-Co..East 

Comer, J.S.,Gibbs & Hill,Inc.,N.Y.Oity 
Coughlan,J. B ^249 E.6th St.,Tracy,Calif 
^° X 'Tenn < ^ e!1 ^ Elec. X-Ray Oorp.,Memphis, 

Crawford,V.T.,Phila.Elec.Oo..Pa. 

Darrow,D O., State College.Corvallis,Ore 
Davidson,M.,Mountain States Tel.& Tel Co 
Helena,Montana 4 ^°- 

Davies.J.E.,Pub.Serv.Oo.of Colo.,Idaho Springs 
Dec ^M^.Wisconsin Pwr.& Lt.Oo .Fond <fu 

Deflna, F.P.,Hazleton,Pa. 

DeTragUa^G J iaoi Bleecker St..Utica, N Y 
twJSii.D.-O kiahoma Gas & Elec.Co.,Enid 

iJM Tii£„^r G “ ■»*** pwt.oo.. 

DoubleX). R.,U .S.Bur.of Reel., Denver, Colo 
Do wis.W.J., Hudson Coal Co., Scran ton,Pa 
DOW ^ ,S p?tVlnrMo Stm.Boiler Insp.& lift. 


KZKfc'furenr rjiec.uo.,MInn. 
Fenwick,,! .o. .Duncan Elec.Mfg.Oo.,Lafayette. 

Pieter, G .J.,Univ. of Kansas,Lawrence 

m ^&^ Bh0VBQMeC - & Mfg - 0o - Eaat 
Flake,J.H., 2218 Union. St.,Berkeley, Calif 
. Foote,A.G.,Gen’l Elec.Co..Cleveland,Ohio 

I ^ M ton^Dak‘ ,;N ’ W ' PubUC Servlce °°-Yank- 


Order Form for Pamphlet Copies of A I E E PaDerU 
„ o „, wtl0h '■°P ,es ?* ' v,xx - Papers 


Fulkerson. W.H. .Jersey villejll. 

GaU>r£uttJR.E.,Mis Chalmers Mfg.Oo.,W%st 

r Garrahan.^J. .Moore School of* Elec.Engg„ 

MuSitg N Y & QU60nS EleC< ^ Pwr.Co.. 
GOO oSif• S - :i1 ' 05 ’ N ° HoUlston Ave!,Pasadena.* 

i G0S FahtB.cYcan rn 0anada * P*r.Co.,Stave 

Gra wuMi4s;: shouse Eiec - & 

Graves,O.J.,49 ParkpBlvd..Lancaster N Y 
Gray,G.E.,Sears Roebuck <Ss Co.,Offlcago ill 

e °Conl;’ 191 * Washto «ton St.TNew g °BriW. 

Gree “ch,i.I 821 S * Uth Maln St -East Green- 
Gr f^Sda,'c&^ amer ? rosThea ter Corp.,An- 

Had £fSS,fr e Elec - & 

§ a £ a o.E-J.,Bell Tel.Co.of Penna. Phila P-i 

Hall, G.B.^eH Tel. Labs., New York,N Y* 

H ffi;Pa. S0Uth Penn ‘ Power CoTwaynes- 
Hasenkamp’j.F.,Lawson Elec.Co.,Chattanooga,# 

f* 5 'HaSilM.0M a 0»?'“ itl °! h ° US6 Cl> " M-. ’ 

HendrixsonJj.H.,Central Ave.,01ilno Calif 
Hilmer,M.,R.D.No.l,Pei*asie Pa, ‘ 

Hobbs,O.F.,N°rthwo o d,No.Dale. 

Suffolk Rd.,Columbus Ohio 
Hoisin gton, L. R. 706 Polk St.,San Francisco Cal 

iSkt ,ana BeU Tei oo..southB’2S; 

Hunter jjp..United Elec.Lt. & PrOoTv nih, 
ton,Ma£! ty of ^ oston .T^t°£,epI-gS 
Jefferson.W.O. .City of Gainesville Fla 
JOnkJ ^- C " 0allf - State E *E*Comm.,San Fran- < 
.Ternigan, O.H. ,TJni v.of Florida, Gainesville 1 

J ha ragS«i O * ,C0mm0I1Wealth EdI son Oo.,ohl- ( 
Y “ e A v ®*.Apt.606, Seattle, 5 

j0 ” C M 1 £f' 3J '' Sturt8ra “ t °°*.Hyde Park, j 

Jury ,J.E.,ind.Prod.Sales Coro Pine T»wniw« ^ 
Keener,C.E.,Drexel Inst.,PMa.'.pi Lawn - Mo - . 
Kelly,R.Ik,445 Reed Ave.,Monessen Pa t 

Kenned^F.K. ,616 Main St-.Pecl^ePk 1 

Kettler.cJj., Genii Elec. Co. .Schenectady NY I 
^ n Y: W - N - Gen ' 1 Meh - Co^SchwJectedy, I 
KnabeiT.A-.Pilkinton.Va. | 

fen'oKio ampl0n °° ated Paper Oo.,Hamll- B 
^^•A en ; i ® 1 “-Co,.Phlla i ,Pa. ' § 


^^SSi r 6w'<^' ,Unl0n Gaa & Elec '-Co.,01ncIn- 
Lamkey^ .R.,Gen’l Elec.Co., Schenectadv N v 

LaP Sffi£N J Y Y ‘ & QueensBIec .Lt.& Pr.Oo., 
Laudenslager.’R.L.',Brooklyn (N.Y.) Edison Oo.T 


- te^.^ u TroSSfc cl aiS; 

• Led ^voofpa. Peiln ' WatCr Power Co.,Holt-' 
Lembei^.F.B..Brooklyn Edison Co.,Brooklyn, 

#Lewis,G.R..Brooklyn 1 Edison Co. Brooklvn M v 

a • Lethei^f^w' 'Sr 11 EIec .-Co., Schenectadv,NrY;' 
a. Eethert.C.W..Minneapolis General Electric <?o„ 

r ® Kfte?JF ,i r^« Te i* Tel.Co., Allentown,Pa. 

.. T SeVBScaH? eeleS G ^ & E1 ^-Corp„ 

&!£ i 2 t E A iSt ,? fc vSprhigfleld.Ohio 

MaS! y,S,A " Genl ^-Co-West Lynn, 
i, Ludwig, H.F.,The Mon tana Pwr. Co. .Great Fads, 
Macaulay,W.R.,Hartford Elec.Lt.Oo.,Hartford, 
M acLaugMin,R.B.,Brooklyn Edison Co.,Inc., 

• ^ an Y ! 5k H NY rllted ' ElGC - Ltl & Pwr - Co.,New 
Mattheiss’w.H.,Bell Tel.Labs.,N.Y City 

- ^ G OaUf! 1,R '°'” 1° 4 18 Johftnna Ave.Jtoscoe. 

• M^NeikR.S.^Gen’l Elec.Co..Bridgeport Conn 

’ . Meece,F.H..Carolina Pr.& Lt.Co r ,Fayetteville, 

MUde’F a Park.N.J. 

lptiSiSlffi 0,,S0 “«•* Mfe Oo.,Eaat 

Millfi^’n'VP* J xr’v n i v,< ?C ° alif - .Berkeley, Calif. 
Fif S Mnk N Y Y & QueenS Elec ' Lt * Pr.Oo., 
jv’agnerElec.Coi > p.,St.Louis Mo 
N k’Jfwis WlSCOnSln Telephone Oe.,Ml]&iu- 

™t«t“bS!rI ho,, “ Mm ' 4 MrB0 °- 

NiCl Mlss.’ A ' P " 63 Grove St - North Attleboro, 
0, Comor,JT..Brooklyn Edison Oo..Brooldyn, 

° 3 SfffiSIra Bl,OUM 

° L< Mas G E ' ,NeW England Pwr.Asso..Lowell, 
Orner.R.J.,823 Park Ave.,Wilmette Ill 

jSy^i&N 7 “ ,L - DicIdnS0n kigh Sch0 «l. 

Parsons,O.G,Iowa State Col.,Am^:iowa r 
Parsons,M.F.,United Fruit Co.,N Y Oitv 

P»^° 1 ^ B -I? 1 f c - Test - Labs tN.Y.6ity 

P ™-^ on Cas & Eiec.Oo.,dtacinnati, 

Eneiueor. Stillwater,Okla. 
to SS&^ Y - & 01166118 E ^-Lt,&Pr.Co.. 

Powell, F.o.^prexei Inst. .Phila.,Pa 
Prracher.G^k Ridgelan(i, S.O. 
gadclIffe,J.H.,Montana Power Oo..Great Fallu 
Rand,I,L,il62 East 111th St., Cleveland Ohio 
ReAf^-JndlanaS 0 

pfi• st -.Indiana,Pa. 

R GMo G * ,TJnl0n Gafi * Elefc-Co.,Cincinnati, 

§^|y*C.A.,Uniy.of South Carolina,Columbia 

Rudrow,R.G.,N.Y. Shipbuilding Oo.,Oamden, 
Ruth,W.A..159 Orange Ave.,Irvington N J 

Sailer,R.L.,Unlv.of Detroit,Mich. ’ ' ' 


Number 


Author 


ore abstracted in this lssjxe 


□ 32-29 H. V. Putman. ---- --—-_. 

n p.M. Hathaway and R. b.' Buell.Surge-Proof Transformers -- 

5 2S"??' ii Summers........ .An Automatic Oscillograph 

□ 32 .I 0 A • L-A&ton^ j< H - kagenga <> il '- • •:::::::::: :ffi r of ^Synchronous Machines 

§11 * 

H ^•J 3 v Ei:alln aud 0. F. Waener .Modern Developments in Precision Clocks 

S 235K P; F, Wagner and S. H. wfieht " .*..Standard Decrement Curves 

n 38M3 C. Hahn....... . gnc .Calculation of Short Circuit on Power Svste™ 

□ “7 ’ M. H. Woodward and A. F.'bormery.nw?p 6, i t + ? ur ^ es fo ^ s Pe cidc Systems Sy 0 

Papers presented prior to September 1931 an ri ^.. ' . Fruiting Over Lpng Non-Loaded Submarine Telegraph Cables 

Number Author P °“ whlch artlcI “ ^ thli lssue are based 

g llJI .Ooatrol T “ ,,, --—- 

□ 31-112 H. W. Dodge and 0. H. Willis '...Excitation of a Loaded Alternator in Pa.rn.llal nrltv. 


Address Order Department A.I.E.E. 
33 West 39th Street, New York. N. Y. 


'• ' .A OoronT^le ySSe Re^iatof 0 ' 1 Altemator ^ ParaUeI with Others 

Name. . .... 

Street Address.. 

aty -— ....State.....;1,.. 
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SCh ^j‘ B " Pub S ^ rv Elec & ^ as <5o.,Newark, 
•Schmaelrie,P.G.,Ben Tel.Oo.of Penn..Ardu*sore? 
Schneider,E.D..G 011 -I Elec. Co., Schenectady. 


Scho weULF ^Union Elec.LI* & Pwr.Oo., Webster 

SShtiCht^C.G.,Union Gas & Elec.Oo.,Cincinnati, ^ 

Seal.P .M. .Worcester Poly. Inst..Mass. 
Seanmn,J.W.,Gen'i Elec.Oo.,Phila.,Pa 
Sedwick^LP.^Member).Piib.Serv.Oo.'of No.Ili. 

em i , i'fiiS'.Y. QUC0DS Elec - I t t - & Pwr.Co., 
Shahinian,M.H. .Univ.of Fla.,Gainesville Fla 
Sharp, J.R.,2509Lee St.,Columbia,S.O. 

ShearerJt.L.,Albs Chalmers Mfg.Oo.,West Allis, 

iSK:Ka,a t c ,^ h s*-°i»voiaua.o. 

Soskin,S.B.,3500 Douglas Blvd.. Chicago Til 
SpadettljU.^J.J.Ciyii Serv.,War Dept.,Was|- 

/? osIa •Aubufndale.Mass. 
<3an ® St., Sandusky .Ohio 
3q l cago'm ,ffl0rrUn ° nWea th Edison Co.,Chi- 
Stander.t'.P..18833 Lancashire Ed., Detroit. 

Stickney,6.,Edison Co.,Detroit Mich 
T«rhl, a «h r G '<i 9 w^M J:ui u t ' or Ave. .Columbus,Ohio 

rb EaSt L 4im&a° USe Mec - & Mfg °°- 

Thomas,P?H.,Vermont Highway Dept.,Montpe- 
Tyler.E’M.',BeHTel.Labs.,N.Y.Oitv 

X£|$S!f ’»» r» ’ 'ijbjvens Inst.of Tech. .Hoboken, N. J. 

wa!?^’w'l l ‘w 0l ^ nd In c.,Pensacola,Pla. 

Wang,H.S., Western Elec.Oo., Chicago.IIl. 

wSu e w’^ 0 V U ^ , 2 f c) vr,s ’ Ma ^ ison . wls - 
WflU N Y” Jr “ 2102 Schoneclia dy Ave.,Brooklyn, 

Weiss.E.L.,1221 North 6th St.,Harrisburg Pa 
Wetosnappel.B. J.H.,Illinois Beil TohCo .Berwyn, 

wu7# ,Ii X, B 4? s ^ 1 n Transit Oomm.,Boston,Mass. 
Whitney jO.E..C incinnati & Suburban Bell Tel. 
Oo.,Oincinnati,Ohio 

‘in n iXi of • Gainesvillo.Pla. 

& Motor Repair, 

_ Inc.,Akron,Ohio 1 1 

Wise.J. 230 South Colo Sb.,Lima.Ohio 
Y outrg.D. R. .Murdo, So. Dale. 
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New Books 

In tfcc Societies Library 


A 


'MONG the new books received at 
the Engineering Societies Library, New 
York, during December are the following 
which have been selected because of 
then possible interest to the electrical 
^engineer. Unless otherwise specified, 
books listed have been presented gratis 
by the publishers. The Institute assumes 
no responsibility for statements made 
in the following outlines, information for 
which is taken from, the preface or text 
of the book in question. 


TrWv 0 ?, 1 ^, 0 ^ industrial ELEO- 

i" 1 Old Y. By M. Kushlan. N. Y., McGraw- 
HillBlc. Co 1«M 535 p., 7x5 In., 1^*£- 

A nnnJumVmiAnl _•»_ A 7. M 


VJU.. IH7J 035 p., 7X5 In., lea., $4.- 

i ca rBfB roncii> book for those engaged 
instruction, maintenance, testing, 
inspection and contracting. It covers wiring 
f?r power, telephones, and signals in 

buildings of all kinds and/or outdoor installa¬ 
tions. Estimating is discusSed. msuaua- 


engineering societies 

UBRARy 


29 West 39th Street, Ney York, N. Y 

kiAINTAINED as a public reference 
; library of engineering and the allied 
sciences, this libr aryls a cooperative activ¬ 
ity of the national societies of civil, elec¬ 
trical, mechanical, and mining engineers 


Resources of the library are avaifable 
also to those unable to visitlt in person. 
Usts of references, copies or translation 
or articles, and similar assistance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 


A collection of modem technical books 
is available to any member'residing in. 
North America at a rental rate of live 
cents per day per volume, plus trans- 
portation charges. 

• ^any otiler services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 


TINtfq M ti° H n NE T a A OOUBANTS OON- 
iijxijs. By IL LangJois-Berthelot, with a 
preface by M. Paul Janet. Paris, GautMer-' 
• 7 c wf s 91°’, 1931. 289 p., 10x7 ip., paper. 
75 * r.-An elementary treatise on continuous! 


Foreign 

iKvM I v T u ^7-, of 9 an l b r J , , ? eo - En s land 

Atmtwto^h,^.,Victoria Jubilee Todh.Inst..Suk- 

9 r, ??^ E L-l §^?^ iai Telephone Oo..Ohina 
Imle,J. P.,Std..OU Oo. .Oaripito,Venezuela 
Nadir, A. E., State Rys., Istanbul.Turkey 
5 Foreign 


: w - *• oiwjijLtjiiuttry uryuidSO on con&mtioiift 

S?IrioH^ acl,ll iP s dlscussin p the principles, cljar- 
acteristics, and uses of dynamos and motors 
from a modern point of view, • well fitted to 

t0 “ dOT ,or 0,8 Sr. 


BER |°N NEE MANAGEMENT. By W. D. 

COti l< _ n,. 11 Olnf.liim* »» f\ rl o T> 


a~rr “V,*’“V *wjniXMuni.« i. Jtsy VV. D. 

Scott, R, O. Clothier and S. B. Mathewson 
2nd ed. N. Y., McGraw-Hiil Bk.Co Tlsi‘ 
cloth,_$4.—;—A comprehensive 


AM 


nnf-itnk- iC" —- 11 uumprenensive 

the Principles of personnel manage- 
iu 0y are understood and applied today, 
both to the management of Individuals and of 
groups; summarizes experience of many em¬ 
ployers; useful both os a text and for reference. 


N By D - O. Woodbury, 

£?a Me i d & °?> 193 !• 280 p., 8x6 in., 

HnirkrZ'? 0 ''* —7 a pepnjor account of the evolu- 
teo? f and^ff ‘^ lon by * elegra P h * telephone. 


resses 


W 


ante* 


B 7 H. P. Yowls, 


r j ' Hr vowies 

ia--,™-.’ voTTles. London, Chapman & Hall 
Ltd., 1931. 354 p., 0x6 in., cloth, 15a—The 
a ‘™ ®'.»?e authors is to present a systematic, 
connected survey of modern progress in power 
engmeerlnfi:. dismlavpH in 


Ar^S? E o IBL J CARNEGIE, the Life of 
° araeBl ® (1835-1919). By J. K. 
Wlnlder. N, Y., Vanguard Press, 1931. 307 p„ 
wco in,, cloth, $3.50.——Carnegie’s spectsictil&r 

*£ Ol ?r? OV0 iK 4 to weal^is tofi in int^ 

esting, journalistic fashion in tSs biography. 


-:—vta muuwm uruKre_ 

«iio} n0 ? rb "iF{ .displayed in proper perspective 

^£®* a JIM SbfeV 


A list of members whoso nihil has been re- 
^5P ed . b y tee Postal authorities is given below, 
the address as it now appears on the Insti- 

39(Sflt“N^ YSrk.N t Y." Ct0t “°' ** 33 


Lruw&Lu uiiu ana suiuttDie xor 
^wal reader. This object has boen accom¬ 
plished with unusual success. 


Berry^Wayne J.,c/o GenI Elec.Oo., Schenectady, 

SMloft&,%iS. < M8 , N? TttTstSK'^” 8 ' 

* G Lmid^n , Eng 0b L ‘ ,6<t PrIor y R d.,Hampstead, 

^Tfficas ^ IJloyd • 1801 N. Lamar St.,Dallas, 

M Sr 0 aHi ch A G -?-',^ cVle Caterers, Ltd.,Sydney, 
N.S.W.,Australia. 

Sydney W.,Yeatton Woolrich Rd., 
Abbey Wood. London, S.E.2, England. 

Mountain, O.E.,Burma Elec. Supply Oo„ Man¬ 
dalay, Burma, India. » ' 

Hari-Oharan, 151 Ganesh Mohal, Benares 
oxty. India, 

Steuipue, Frodorick, 8126 E. Vernor Highway, 
Detroit, Mich, 

T Merico am ’ Apartado No - 41 < Pueblo, 

Thakkur, K.B., Box 654, Whiting, Ind. 

Thomas, Earl Mead, Int’l Gen. Elec. Oo.,Sche- 

_noctady, N.Y.* , 

Titland, Trygve T.,1019 Stanton Ave.,Eliza- 
heth, <N*J, 


POLYPHASE INDUCTION MOTORS. By 

b y K. O. Simpson 
qSn Yti 3 ”' w/i London & Glasgow. Blaclde & 
iu 218 Py 9x6 b 1 - cloth, 15s.—— 
fho theory, design aud use of the polyphase 
Induction motor and its simpler variants are 

factor correction and speed control. • 


INDUSTRIAL HYGIENE for Engineers and 
Alen^N'v®* McCord, jisslstfdby F. P. 

33B n 'inVflin*M '.¥ ar P er & Bro , tIlers ' 1931. 
nbn iHo dete, 95 .——A handbook on all 

preservation of life in industry, in 
of disease and accident 
dJseussed Pr°ria the points of view 
of the physician and the executive * 


PO^S.« S ^ L D aT°? 8 ?«T 

—This book, prepared 
for distribution to employees of industrial con- 
cerns, is an instructive, non-technical handbook 
™Jhe, care of the boa y in health anddSease. 
Diet, living habits, personal hygiene, disease 
prevention, first aid in illness, home nuwdng and 

SctSi£mS nts are djacussod Asa. '- 


TAUSCH E 1, A ^ ICNALER-STROMAUS- 
t ausoh.p By K. Dohm. Munster i. Westf 
HeUos-Verlag, J931. 69 p., 10x6 in.“paper, 3.75 
- Internarional electrical power networks 
in Europe and America give rise 
eccupufic and political questions, 
are discussed in this pamphlet. The evo- 
and ^present condition of IntematlonSl 
111 S^zerland, Austria, Scan- 
dinavla, Gannany and Canada are discussed, 
and the policies adopted, are studied. 


- CURRENT BRIDGE 
METHODS. By B. Hague. 2 ed., Lond. & 

=K. 

ers and those engaged in original research or 
accurate testing. ~Fidd is restricted to fre¬ 
quencies not exceeding those usedLin telephonic 
research, New_edition, revised. Numerous 
references to original sources. 


PmvN&° b TELEGEAPHY AND TELE¬ 
PHONY. By R, L. Duncan and O E Drew 
!®d, revised and enlarged, N. Y., J. WReyli 
®en®- L^d., Chapman & Hall, Ltd. 1931 
wivn d -J2iAi5 x ? plote, $7.50.-——A effinprehen- 

^tended for use as a text-book by 
students and as a practical handbook by oper- 
fl^ 5 e 3 . autIl 9 F s have aimed to cover me 
gb^ befd’ from the principles involved to the 
E^o^ t ^ C0mpl 95 application of them, in a 
simple, non-mathematie l ws.y* 


r R'^^[SS•9 ES ^§• i By Jt> Turner. Cambridge 
5^nman T ^ i J® r 6 §pf; 

S 58®& i SSB , S- 

tejegra p hy ana telephony which will be readable 
bOMPetoit electrical engineer who has not 
studied hlgh-ftequency phenomena The work 
will be .useful to seflous stude^ who have 


FebrijAr^ 1932 


149 


“ .• 

B^ANOING OF MACHINERY. BVO N 
Fletcher. Lond., Emmott & Co 1931 172 n * 

9x6 in., cloth, 10s 6d.— ^Balancing 'of 
• ^f^SSpblnery is discussed from tfe potot of 
view of the production engineer. The book sum 

tbn r n 9f / tbe ^ actors tbat aRBCt balance, describes 
Ko?« b f tter ^uown apparatus for detecting un- 
balance, and the methods and cfl.iei|ia.t,ir> TI 9 jn. 

practical? C ° rrectlng - Treatment to ^tirffy 





Selected Items From • 
Current Literature 

‘C* - 

^ELECTED refgrSnces to current 

feS? Cal * ei i.^ eeri Ag articles from 
Engmeermg Index Service’s review of 

in^+ha 1 teo^eal periodicals are given 
? n , t]he ,following columns. All articles 
indexed are otf file in the Engineering 
Societies Library, NewTork, which wiU 
Photoprints of any article at a 
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Construction Volume In 1931.—In 
reviewing construction activities m the 
final quarter of 1931* as well as in the 
year itself, the F. W. Dodge Corporation 
finds that the 1931 total for all types of 
construction irf the tfyrty-seven states 
' east of the Rockies amounted to $3,092,- 
849,500 in actual contracts awarded in 
that area. The* year’s final quarter pro¬ 
duced a.contract total of $530,141,700 
for all classes of construction in these 
thirty-seven states. Of this total for the 
last thffee fhonths of the year, 34 per Sent 
represents construction of public works 
«.nd utilities, which amounted to $180,- 
178,200. This compares with 32 per cent 
of the whole in* the final quarter of 1930. 


possess ^narked advantages over ordinary * 
contact materials. The specific applica¬ 
tions are. as follows: Alloy known as 
3W3 is recommended for oil circuit 
breakera as well as interrupter contacts 
for,resistance seam welders Operating in 
air. Another, known as 20S, is suitable- 
for arcing tips of .very high current 
dehsity. Still another, Gil, is used for 
arcing tips of low current density and 
hlso for make and brgak contacts where 
current density is high and non-welding 
necessary. G13 is used for make and* 
break cofitacts where current density is 
high and welding of contacts is not 
encountered. 


New Southern Agent • For Coming 
Glass.-— The Corning Glass Works, Cora- 
ing, N. Y., has announced the appoint-* 
, ^®nt of the W. L. Rose Equipment 
Company, in St. Louis, Mo., as agents 
for the sale of PYREX power insulators 
„ m the southern part of Illinois and 
eastern pa^C of Missouri, and 
and the western part of Tennessee. 

<r 

New Speed Recorder.—An operation 
and speed recorder has been developed 
by the Amthor Testing Instrument Com¬ 
pany, Inc., 309 Johnson Street, Brooklyn, 

. Y., which automatically produces a 
detailed record of the speeds and operar- 
tion of any rotating machine.during the 
entire day. It^shows all starting and 
stopping periods, the revolutions per 
minute, fluctuations, etc.,' recorded di¬ 
rectly .from the action of the machine 
itself. A few of the more common appli¬ 
cations are on turbines for recording 
r operating speeds and the correctness of 
th> over-speed or safety trip, and on 
engines and motors. 

_ New Pole-Top Switches,— The Delta- 
Star Electric Company, Chicago, an¬ 
nounces a new fine of two and three-pole, 
gang, operated pole-top switches for 
distribution line voltages up to 34.5 kv. 
The tilting insulator carries a hinged loop 
and as the switch opens this loop travels 
along, keeping the stranded conductor 
from dropping down, eliminating the 
usual hinged links. The insulator pins, 
levers and fittings are of malleable iron, 
the channel base of steel. All parts, 
bolts and puts at line potential are of 
non-ferrous metal. Solderless clamp oon- 
nector terminals are prbvided for 
connection to the fine conductors 


Allen-Bradley Exhibition of Motor 
Control.— The most extensive exhibit of 
motor control equipment ever brought 
together in Chicago by a single manu¬ 
facturer will take place during the four 
weeks beginning February 1st, when the 
Allen-Bradley Company, of Milwaukee, 
will display units Representing their entire 
fine of motor controllers and accessories. 
Th .0 fifth, floor of the Engineering Build- 
ing, at 205*West Waeker Drive, has been 
reserved*for this display, which will oon- 
msJ; of several hundred pieces of Allen- 
Bradley control equipment, ranging from 
their smallest photoelectric relay and 
push-button stations to their largest high- 
tension automatic starters. The complete 
fine covers controllers for practically all 
industries and includes' standard duty, 
water-tight, dust-tight, and explosion- 
proof equipment. The control circuits 
of the control devices on display will be 
connected to power feeders so the visitor 
can observe the operation of the equip¬ 
ment. The exhibit will be in charge of 
Eugene F. LeNoir, assisted by several 
members of the Allen-Bradley engineering 
staff, who, during the four weeks of the 
exhibit, will give frequent talks before 
groups of engineers and students. 
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^New Contact Alloys.— Pitting of elec¬ 
trical contacts is said to be practically 
Winated with the new contact alloys 
devdo^edhy P. R. Mallory & Company, 
Indianapolis, Indiana. These " 

152 


Transformers.— Bulletin 148, 24 pp. 
Describes transformers for instrument 
and metering service. Allis-Chalmers 
Manufacturing Co., Milwaukee, Wis. 

Splice Boxes.— Bulletin, 8 pp. De¬ 
scribes a new and comprehensive line of 
splice boices Vfhich have been developed 
because of the increased popularity arid 


possibilities of jthis type of cable joint. 
JL? W Electric Specialty Company, 
7780 Dante Avenue, Chicago, Ill. 

Gearmotors.— Bulletin 20536, 4 pp. 
^Describes Westifighouse “gearmotors,” 
consisting of speed reducers combined 
with induction motors into single, self- 
contained units. Twenty reduction ratios 
of 1.12:1 to 10:1 are available for each 
motor speed and horsepower. Westing- 
house Electric & Mfg. Co., East Pitts¬ 
burgh, Penna. 

Motors. Bulletin H-l, 14 pp. De¬ 
scribes Star ball-bearing motors designed 
specifically for hoist duty, with and with¬ 
out built-in brakes. Star Electric Motor 
Company, Newark, N. J. 

r, 

Illumination.— Bulletin 375-J, 52 pp. 
Comprises the Holophane “Datalog ” 
This issue contains new developments on 
lighting equipment for 1932 and includes 
an engineering section and recommended 
standards of foot-candles illumination. 
Holophanp Company, Inc., 342 Madison 
Avenue, Nefw York. 

Ground Tester.—Bulletin 1300, de¬ 
scribes a new small, light weight, direct- 
reading instrument for measuring ground 
resistance. This instrument is mounted 
in a east aluminum case and weighs 7% 
pounds. James G. Biddle Company, 
1211 Arch Street, Philadelphia, Penna. 

Floodlighting.—Bulletin GEA-1505, 4 
pp., Floodlighting for outdoor construc¬ 
tion; Bulletin GEA-1506,' 4 pp., Flood¬ 
lighting monuments and memorials; Bul¬ 
letin GEA-1507, 4 pp., Floodlighting for 
homes and estates; Bulletin GEA-1509, 

4 pp., Illumination of parks. General 
Electric Company, Schenectady, N. Y. 

Mechanical Stokers.—Catalog, 40 pp. 

A condensed "catalog of mechanical 
stokers manufactured by fourteen differ¬ 
ent producers of such equipment. In¬ 
cluded are brief but complete descriptions 
of the most prominent types of stokers. 

The descriptive matter is confined strictly 
to engineering data, permitting ready 
comparison of the various types. Stoker 
Manufacturers Association, Foot of 
Walker Street, Detroit, Mich. 

Transformers.—Bulletin 31 10 . , De¬ 
scribes a new constant current street 
fighting transformer. This* transformer 
has a unique arrangement whereby both 
primary and secondary coils move * 
through a small angle thus giving better 
regulation and a higher power factor. 

The new unit is representedas having 
many superior operating characteristics; 
quiet in operatic!!, low in maintenance 
cost and has higher operating efficiencies. 

It is manufactured in all standard sizes 
from 3 to 30 kva. for both pole and 
subway use. Moloney Electric Com- 
pany, 5390,, Kingshighw^y-Birefier St., « 

§ti liOtiis, ;Mo. 
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■ I*. HITTCHINSO.N, for'the past 

twenty years national secretary and ex¬ 
ecutive manager of the A.I.E.E., died 
suddenly, February 26. This sad event 
occurred during the closing of forms for 
this issue of Electbicais Engineering 
but we believe that the readers will pardon 
the resulting delay, p. 202-208 

W^OUND-EOTOR induction Tna^biTi^ 
may be given special characteristics by 
coimecting their rotors and stators in 
parallel, p. 171-178 

154 


U# 

y IDE flexibility in distance measuring 
characteristics is claimed for a new high 
speed relay developed especially for short 
power lines, p.157-160 


G ENERATOR overvoltage may in¬ 
crease rapidly following sudden loss of 
load, especially in hydro units; a method 

IxamSr 1 — tMS riS6 ’ ™ tIx a Weal 
% m this (P. 168- 
*JP: a , TeS ?f how that meh overvoltages 
suLm lmited t0 Safe values b y tte use of 

suitable equipment, p. 160-188 


Many A.I.E.E. leaders have re¬ 
ceived recent recognition in the form 
of promotions and 'special awards 
p. 209-21Jf. 

r * 

H f 

AS modem civilization lived up Co 
its lofty mission? Dr. M. I. Pupin, 
1932 John Fritz Me4alist, raises this 
question and giv&s his answer to it. 
p. 166-167 


Tape armored telephone toll cable 
buried directly in the ground pos- 
* sesses several advantages over other 
types of line; special equipment has 
been developed for laying this cable, 
p. 168-171 


ENGINEERS through local relief 
committees, have taken special mea¬ 
sures to combat unemployment. Re¬ 
ports of surveys conducted by local 
A.I.E.-E. sections indicate that con¬ 
ditions vary widely. p. 205-207 

POPULATION forecasts when care¬ 
fully and intelligently made fill a real 
need in the planning of engineering 
projects. Such forecasts are espe¬ 
cially valuable to the telephone in¬ 
dustry in planning future plant ex¬ 
pansion. p. 186-188 ' ' 


East CALL for the A.I.E.E, Great 
Lakes* District meeting to be held 
March 14-16 at Milwaukee; a few 
minor changes have been made in the 
program (p. 202). All of the techni¬ 
cal ^papers to be presented are ab¬ 
stracted in this issue, p? 188-192 

Interconnection of power 

systems, to be most advantageous, 
should be carried out only after a 
most careful study of the problems of 
each of the systems involved. Inter¬ 
connection services are classified and 
evaluated, and the development 
operation of interconnected systems 
discussed from various angles, in a 
group of four articles, p. 17 4-185 


LLE.E. winter contention at¬ 
tracted 1,429 registrants, but tins was , 
only one of the many factors attest¬ 
ing its success. A report covering the 
many features of the convention in¬ 
cluding President Skinner’s opening 
address, two ^medal presentations, 
fourteen committee meetings, and the 
board of directors meeting, may be 
found in this month’s news section. 
Discussion at technical sessions will 
be treated in a later issue, p. 198^202 

'• /• 3 - 
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In His opening speech before the Instituted 
its 1932 winter convention in New York, 
N. Y., President Skinner stressed the con¬ 
tributions of the engineer *p the material 
development of the country and toward 
maintaining a high standard of living. Be¬ 
cause of his ability to judge the value of so 
many forms of national activity, the engi¬ 
neer s greater participation as a citizen was 
urged. Excerpts from Doctor Skinner’s 
speech follow." 


D, 


. URING the last year or two we 
have heard much in regard to the part pur so-called 
machine age has played in bringing about this period 
of depression and unemployment. We hear talk of 
overproduction, of under-consumption, of difficulties 
in distribution, of necessity for shorter working hours 

and many other similar questions. Without attempt¬ 
ing m any way to discuss or pass on these questions it 
does seem desirable to point out that these changes, 
bringing about mass production through standardi¬ 
zation and the application of the power driven machine 

are inevitable and must and will continue. 

These things have been going on ever since the first 
application of power to displace handicraft at almost 
the beginning of the last century. We might speak of 
this as the inevitableness of change, and'change will con¬ 
tinue so long as more effective methods and machin¬ 
ery are developed. Development cannot be stopped 
by declaring a holiday on research and invention 
At this point it should be remarked that equalization 
of rates, equal control of operation, and taxation so 
adjusted that the old service does not help to support 
the new to its hurt, will, of course, in the end be bene¬ 
ficial to all concerned. When broadly interconnected 
power systems, with their highly efficient generating 
stations, either steam or water, can furnish dependable 
electric power at a cost much below that of the small 
isolated plant, the small plant must be abandoned. 
When there is devised, as has already been done, a con¬ 
tinuous rolling mill which receives an ingot at one end 
and without pause keeps this metal moving until it is 
rolled up as a continuous sheet at the other end, the 
older type of sheet mill requiring its intense human 
labor must gjve way to the new order. These and a 
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“^de f. other chan «es have been jnd are under 
way. What is necessary above everything else in con- „ 
, nection with such changes is that we adjust ourselves * 
to these changes, and that there be as little disturbance 
as possible to those elements which are. of necessity 
affected or displaced. This first of all applies to the 
human element involved in each case. Ohr, relatively 
high living standard should not only be maintained but 
increased and extended to all who do theif part in pra- 
ductipn and distribution. 

We should endeavor so to adjust our laws,and regu¬ 
lations that new and competitive devices of merit hre 
an . tabIe . basis ^ thos e which have preceded 
rS. 61 ?' Th I S ad ^ udtment ^ many cases may well take 
, the form of easement of the burdens of the older facili- 
tiesas well as such equitable control of the newer that ’ 

f; . ma3 f find lts Proper sphere of usefulness without 
detriment to the other. Perhaps the Outstanding^ 
example of the need of such equitable arrangement is 
found m^our transportation systems today. The engi¬ 
neer above all others should stand for fair dealing based 
on deductions brought about through unquestioned 
act finding, and it is the engineer above all others who 
by training and experience is in the best position to 
arrive at correct conclusion^ in connection with many 
of the problems witlrwhieh we are faced. 

We hear much at the present time of the necessity 
for increased taxation. We hear comparatively little of 
reduction m expenses, which could be brought about by 
more orderly conduct of our affairs. For many years 
engineers have advocated more effective coordination 
and correlation of the public works functions of the* 
Government. The President, in his recent message to 
Gongress, has advocated legislation to bring this about, 
and . . . it is hoped that a bill for this purpose 
now pending before Congress will be passed, if for no 
other reason than to accelerate public construction in 
periods such as those which we have been experiencing 

during the last two years. 

In what has been said, I have hinted at some of the 
problems before us as engineers, and I wish particularly 
to emphasize our responsibilities as citizens as well as 
ei J? ] ? eei J urging participation in those large*, affairs 
which affect not only engineers but all citizens of our 
country an d in which the. engineer is in a peculiar 
position to guide and to lead. 




Th? Power Age and 

• ♦ "Modern Civilization 

• • 

Although the moving powers of heat tmd 
electricity have raised man’s physical ex- * 
istence fo Olympian heights, they have not* . 
t w °rk®d similar miracles in his spiritual life. 
Engineers afid scientists ‘are called upon to 
fcahish fear and hatred from the human heart 

• by application of that greatest power of all 

~tlie power of love. * 


By 

M. I. PUPIN 

Honorary Member A.I.E.E. 


Columbia University 
New York, N. Y. 
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. ARAD AY S DISCOVERY of electro¬ 

magnetic induction, a hundred years ago, is the closing 

- ^® nt °* ^f at e Poch in the history of physical science 
nd engineering. It is the epoch in which the power age 

. Watt ’ s invention of the steam engine maifcs the be- 
ginrnng of this epoch. It suggested to the genius of Car- 

1 ? ea * mbodied in his well known law. 
d ch ne s what Carnot called the moving power 
of fire, that is of heat, a name which today is one of the 
greatest names in physical r science. # 

Carnot s interpretation of the moving power of heat 
completed in 1824 the first great step in the evolution^ 

inl82°nOo«? e ^ j Thesec0 , nd great step wasmad e when 
d ! scovere<1 the magnetic force of moving 

™ d a few yeam later Faraday discovered the 
eleetaefoTO generated by moving magnetism. The law 

If*® “ f these forces defined the moving power of 
as Carnot’s law defined the moving power 
w « know today that these two moving powers 

Sd5®. fi J? d ? mental Physical powers in the universe, 
and that their revelation was the greatest achievement 

f * 'h ^ history of engineering sciences. It 
inaugurated, a hundred yearn ago, the power age. This 

lhv now 6 Pal fu t ° f our Present civilization and the mov- 
^ bea ^ and of electricity are the propelling 

pow^s in the physical evolution of this civilization. 

ottm is the machine civili- 
ation and what I call the power age often is called the 

d ° n,t Hke these names fo'r tbe simple 
eas n that machines are the creation of the hands of 
mwtal man. They are transient, but the moving power 
of heat and the moving powe r of electricity are etS; 


;— • — r*”** t w* wu. XJ 

sc\r.hed to him at a special i 
evening of Jan., 27,1932! 

±S6 ^. - 


■ nf J °lm Medal waa pro- 

ioftheA.I.E.E.winter contention on the 


tjjese powers are the immortal elements in the physical 
structure of our civilization. 

• ^ Advar ; cei J ient of science during the pdwer age, that is 
during the last hundred years, revealed that the same 
fundamental powers which are afc'work in the evolution 
of our civilization were also at work in the evolution of 
organic life ever since life appeared on this terrestrial 
globe and that they are also the only propelling powers 
m the evolution of the luminous stars. Radiations from 
these stars tell us that the moving powers of heat and of 
electnaty jire of celestial origin; they were brought to 

• earth on the wings of solar radiation and remained dor¬ 
mant until the genius of Watt, Carnot, Oersted, 
Faraday, and Henry called them to the service of man. 

1 his service is the service of our central star to this tiny 
terrestrial globe; its mission on this earth'recalls the 
mission of the celestial flame which, according to an 
ancient legend, the Titan Prometheus snatched from 
the radiant chariot of the sun god Helios and brought 

• + t0 eartb - The ancients believed that the mission 
of that celestial flame was to make the life of man simi¬ 
lar to the life of the Olympian gods. 

Y e believe that the mission of the moving powers of 
heat and of electricity, our most precious gifts from our 
central star, is to raise the life of man to Olympian 
heights. But has our civilization, the offspring of the 
power age, lived up to the lofty aim of this mission? 

1 wo pictures occur to me when I attempt to answer 
that question-two entirely different pictures. In one 
of the pictures I see the triumphant conquest of space 
by the automobile and the aeronautical art. I see the 
wonders of power distribution increasing a hundredfold 

jr e .£°^ ortsand the creative power of man, and I am 
thrilled by the electric waves which gliding over wires 
or wandering through space convey on their wings 
speech and melody over continents and oceans to every 
nook and comer of this terrestrial globe.'. These are a 
few of the miracles of our power, age by which the mov¬ 
ing powers of heat and of electricity have displayed the 
magic of theu celestial origin; they certainly have made 
Physical side of human life even more glorious than 
the life of the Olympian gods. This achievement of the 
power age is its greatest glory. * 

But the spiritual side of human life, exhibited by 
another picture, is far from edifying. In this second pic¬ 
ture we see desolation on every side in the wake of the 
most deadly war which the world has ever seen. The 
world appears here standing on the verge'of economic 
collapse, and yet vast armies and navies are devouring 
the meager remnants of the wealth of nations while 
nnllions of idle workers are starving. The most repul- 

■P m tbis horrible picture are fear and hatred, 
winch, hke two ugly demons, are hovering on each side 
of the boundary lines between neighboring nations. 

Danish these demons from the human heart and there * 
will be no heed of vast armies and navies to guard our 
security against hostile neighbors; there will be no hos- 
tue neighbors, and wars will become a dying memory 
only of former barbarous ages. But % celestial ser- 
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vants of our civilization, th% moving powers of heat and 
of electricity, have not banished them. 

Science admits that the magic of these two primordial 
powers cannot unaided purge the soul of man and elimi¬ 
nate the poisons which corrupt its spiritual life. "Another 
moving power is sorely needed which can penetrate more 
deeply than the moving power of even the infinitely 
minute electrons into the depths of the human heart. 
This need was recognized, nearly 2,000 years ago when 
our Saviour revealed the moving power in the spiritual 
world and commanded us to love the Lord our God, and 
to love our neighbors as ourselves. 

This was a message of the approaching power age in 


• 

die spiritual world. .But this age has not yet arrived; 
mankina has not yet yielded to the greatest moving 
power in the spiritual world, and without its" aid the * 
moving powers of heat and of electricity cannot con- * 
tribute their full share to the evolution of the spiritual 
life of mail. , « 4 

Love of the eternal truth and of their work to reveal 
this truth for the good of mankind lias guided the scien¬ 
tists and engineers to the great triumphs of science. 

1 hese triumphs of love will persuade the reluctant world 
tka;!: the victorious triumph of the moving power of love .* 
which Christ discovered will be the greatest triumph of * 
£he power age. * 


A .High Speed Relay 
for Short Lines 


A new high speed distance relay with 
composite impedance-reactance characteris¬ 
tic has been developed. This modification 
• combines the mechanical simplicity of the 
impedance type relay having inherent pos¬ 
sibilities for high speed of operation so 
desirable where stability is a factor, with, on 
the shorter lines, the greater independence 
of the reactance type relay from the effects 
of faultnresistance. • • 


m 

$. L. GOLDSBOROUGH Wostingliouse Elec. & 

Associate A.I.E.B. Mfg. Co.. Newark. N. J. 


W. A. LEWIS 

Associate A.I.E.E. 


Westingliousc Elec. & Mfg. 
Oo., East Pittsburgh, Pa. 
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• ■ RANSMISSION of power over longer 
distances and the concentration of greater amounts of 
^power over a single circuit have rendered the presence 
*of a short circuit on the system a more serious matter, 
and a considerable effort therefore has been madp to re¬ 
duce the duration of the short circuits. The result has 
been the development of circuit breakers and relays 
operating to clear the disturbance in a very short time. 
The conventional type of induction overcurrent relay¬ 
ing, depending upon successively increasing time inter- 

BjweUupon "A New High Speed Distance Belay” (No. 33M1) presented at 
the A.I.E.E. winjer convention, New York, N.Y., Jan. 25-29, 1032 . 

March 1932 


vals to obtain proper selectivity between circuit breakers* 
is no longer suitable where the maximum speed is de¬ 
sired; and so a new form of relaying, known as distance 
relaying, has been developed for the general protection 
of transmission and distribution lines. Relays operat- 
- ! n 5 °. n the distanc e principle make use of the character¬ 
istic impedance or reactance of the circuit, as determined 
by comparing the voltage and current at the relaying 
point, to determine the distance from the relay to the- 
fauit. Hence, selectivity between circuit brokers can 
be obtained without the use of increasing time intervals 
m the type settings of relays as the generating station is 

The tripping-time characteristic employed with the 
new types of distance relays i§ shown in Fig. 1. When a 
fault occurs between station A and the point m the 
relay tnps instantaneously; When a fault occurs be¬ 
tween the point m and the point n, a time delay t x pur¬ 
posely is introduced in the relay at A. If the fault is 
between station B and the point n, the time delay intro¬ 
duced m the relay at A will allow the relays at B to trip 
the circuit breaker at B first, so the relay at A resets and 
does not tiip its breaker. If, on the other hand, the 
fault is between m and B the breaker at A will be tripped 
after a time delay It is customary also to provide a 
third range of protection which will trip the circuit 
breaker, at A after a time interval t 2 , for a fault at any 
location between station A and the point p, if it is not “ 
cleared earlier by the action of other relay elements. 



® c 

— Fault Location— 

. , FROM Rclays at a. 


Distance-timc charactcristic of “balance 
point” distance relays 
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fis. s. Schematic diagram of new modified relay 


Thlaco “tant raticrwiH.be equal toanimpe- 

Jance.smceimpedasiceequals voltage divided by current 

' pxrlfJ ™ alle . r ; values of impedance, the current pull wili 
exceed tte voltage pull and the relay will operate? where- 

oDerat^ ^ ger -^ lues of impedance the relay will, not 
^^• •jnm dia»rter»& is shown graphically in 

me ■ AntvA? " pUre impedance character- 

elonv ni »v? S i”® Per cent Stance is plotted 

When rtw.^ a j <r per - Cent ' reactance aIon « the other. 
When the impedance is 100 per cent, the values of 

resistance and reactance plotted in this diagram will give 

a radlus Th *' T 8 ®- ^th 100 per cent impedance as 
the 5^' thg relay trips for Points lying within 

the circle' d °^ n0t Wp { ° T points ,yine outside of 


MOOIFItoj 

NpJMRAC1|EI»ISTIC6 
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R£ T ANK c 7" <rTF "^g f' dd l t l? n ° fthe second Potential coil on the cur- 
y— s Ne mooifih side of the relay does not change the fundamental 

- ^ JZ AT ___ tAtI T” circular characteristic of the relay, but, when ptatedh, 

S TV ' l/T \ / t , circleTif/ch 11 ’ ^ A* of shiftin 8 the center of the 

—-- i (— ri s L -/ / '\\ center and , , an ® ln ® lta radius. The new location of the 

. I . thfeffr t d h new / alue of the radius will depend upon 

_V _ VV ) / / the effectiveness of the second potential coilas well as 

\ \~r -H reiect’tTthe' 18 6 ° f 5® CU1Tent throu « h this coil with 

A, \V\ / ■/ u CmTent m . the main onrrent coil. Two 

Sn; 3=s»*i -__ w> , ^characteristics are shown in Pig. 3. 

--£_\ / . ° f aceidental fnult resistanTe L may 

Y~/ ~- SST 0P «*** ^rt hnes, may cause thl 

- LJ-1 « ^the characteristic circle, when the impels 

• *• • T,lpp,ns d >««*«aic of modified relay fault w™ iAf°?f’ he ^ een tbe relay and the point of 

' fault, would fall within the characteristic circle. For 

Two general types of relays having the same time venteAAA! i ? r °? €r ele “ et,t of the relay would be pre- 

beep developed - These two types shown inTh‘? P ” g ^A, e “° dified characteristics as 


iceirrawo.1, 


^Cgi^Tcn Nqg 


Fig- 3. Tripping characteristic of modified relay 


^cteristics W been develope(h m ^rhese S ^vc) e types Z^ The “d dJJZSE 

twT f Ce rdayS and reactance relays, the fcTof whkh the illCreSSe the area within 

^ P ^ nCe ° f the be “ * P and thUS ° 7 ~ «>is 

A°Ai ** of *”* Ces hiSt^lSr thft “ 3 ^ r * aetance characteristic, 

•jeet also to certain disadvantages. The new relav d» “at is, one designed to tap for all values of reactance up 

A” ^ 8 ; 2 - The impedance relay ionsiste^LentS tripunder load conditions unless prevented 

of the balanced beam supporting two ptogers OnAA T* “-A auxiKary devices. It is diffic7t 

contact tbe V 1 ® 7 t current coil acts t0 close the relay needrf 7/™^>‘“7 devices the exact characteristics 
contacts and on the other side a potential coil ante Z ? ? m addltl0n some time delay is intro- 

hold the contacts open. The modification which rives hirif = A Af ° peration > which is undesirable where 
the new relay its desirable characteristics, consists in the modifi’^A ^ deann * is an important factor. The 

SKT a ^ ^ t0 tb ® ™ 45 

The simple impedance relay with one voltage coil and sect th h resisfance mds at values of resistance which will 
one current coil will balance when thep ^ P ~ 0p ^«° p of the relay under the he“oadf 
coil Just balances the pull of the voltage coil If tba n h™ apn ? r , m which this characteristic is used to 

^tpril increases the relay will operate to clo“ the toted in PigT^ characteristic fflus- 

eontacts to the trip circuit. The null will tratea m Fig. 1 18 shown m Fig. 4. Three 

1 msmmm 
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delays , mt ST P ?^ th& ““^ary adjustable time 
delays t, and h. Tests ftave shown that arc resistance is 

generally quite'small at the inception of the fault, but 

that it may in^ease to rather large values if the arc is 

. allpyed to persist. This indicates that in the first zone 

the'm-nr 18 designed t0 «P’instantaneously 

> the er o t m distance measurement due to the effect of 

arc resistance will not seriously affect the operation of 
30 that the sim p)e impedance element may be ‘ 

* !, nFig - *- where » definite Le pm- 

posely is introduced into the operation of the relay the 

arc resistance may increase to important values Hen»! ' 
n the shorter lines, the arc resistance may become 
large enough in comparison with the impedance of the 
line section, to affect the operation of tile relay, and the 
use of the modified characteristic as shown in Fig. 4 
is mdicated f°r the second distance element of thereby. 

nrnLr f dement is provided for back-up 
protection only, and may be set to balance for faults so 

remote that the arc resistance will not affect'its opera-" 

ion. Hence, a pure impedance element may likewise 

4 Trl ? nt ‘ Wrd elem6nt Thus - to Kg 

t’ Z a fau,t between m and station B, where a finfe . 
delay U , s required, values of fault resistance consider¬ 
ably m excess of the impedance of the section may be 
permitted without affecting the performance of the 

tn Til! ““P'ete relay is shown in Fig. 5. In addition 
three distance elements and the timer already 
mentioned, there is included a sensitive directional ele- 
ment to insure that the relay will trip only when the 
fault is m the proper direction from the relay. 

Mechanically the three distance measuring elements 
are duplicates. However, on the second element the 
voltage coil on the current side is provided in order to 
obtain the darned modified 'characteristic. The volt¬ 
age side of each element is provided with two voltage 
coils, instead of the single coil indicated in Fig. 2 in 
order to prevent chattering and the tripping of ’the 
beam during the period .when the voltage is going 
through zero. These two coils have separate cores but 
are so arranged that the-beam completes the magnetic 

m ea i ch case, and the fluxes in the two cores are 
shifted in phase from each other so that a practically 
constant voltage restraint is produced. 

The timing element consists of a small floating-arma¬ 
ture synchronous motor driven from a small saturating 
current transformer. The motor drives a bridging 
contact through suitable reduction gears so as momen- 
tanly tobriilge two sets of stationary contacts which can 
be shifted independently on a scale in order to vary the 
timing. The motor normally is prevented from operat¬ 
ing by a normally closed contact on the third or back¬ 
up distance element af the relay, which of course oper¬ 
ates for all faults within the range of the relay. The 
maximum time is adjustable up to approximately 3 sec. 

The directional element is of the pure wattmeter type 
and consists of a rectangular aluminum loop which acts 
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Fig. 4. Approximate characteristics of>elay 
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Fig. 5. New relay with modified characteristic 
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as the short-circuited secondary of a small potential 
transformer and rides in a magnetic field produced by 
two current coils. Motion about the pivoted axis of 
the loop thus is produced and the direction of the 
motion is dependent upon the relative polarityof the 
current and voltage. 

The new relay is intended for application to the 
shorter line sections, where the arc resistance may reach 
comparatively large values, for protection against line- 
to-lme, double line-to-ground and three-phase, faults. 
To prevent differences in the distance measurement 
depending upon the type of fault, the current windings 
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of the relay shoufd be connected Jo utilize the difference 
between the currents flowing in the two line conductors 
to.which the relay is assigned, and not the current in a 

* single line, since the latter would produce errors amount¬ 

ing to 15 per cent or perhaps even more depending upon 
which of the typespf fault occurred. / 

The factor which* limits the* length of line to which 
the relay can be applied is the requirement ihat the 
element with the composite characteristic must not 
operate on load currents. The longer the line* the 
"• greater is the possibility of this occurring, and for toe 
particular characteristic discussed, the limi t is approxi- 

* mately 2 ohrns, measured in terms of *the secondary 

voltages* and currents applied to the relay. • 

- The principle employed in the new relay is particu¬ 
larly valuable in that it imparts si wide flexibility to the 
distance measuring characteristics. Where rifecessary, 
nt can be applied to any one or all of the three elements 
and practically any sort of characteristic which experi¬ 
ence may indicate to be desirable can be obtained by 
proper choice of characteristics for the auxiliary coil. 


Generator Overvoltage 

wnen Dropping Load 


Sudden dropping of load tends to result in 
overvoltage of generators. Tests show 
definitely that such overvoltage can be 
prevented by the use of high speed regula¬ 
tors and bridge type field rheostats, or by 
inserting resistance automatically in the 
generator field circuit. 


By 

E. J. BURNHAM 

Associate A.I.E.E. 


General Electric Co., 
Schenectady, N. Y. 


u i j " 0TAL or Partial loss of load on water- 

m^ i- dnVen u 8enerat0rs or hydroelectric stations fre- 
quently results in undesirable voltage rfce nnr? u 

eases it is desirable to limit tL Sge ^eTn oXto 
avoid overstressing the imulatirm m order to 

connected apparate of generators and 

In the past this some times has been accomplished by 
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ze use of overvoltage, overspeed, or overfrequency relays 
rs wfiich -automatically open the fifeld circuit and trip the 
a generator from the line or bus when the voltage or speed 
t- * reaches a predetermined value. This is a very effective 
in way of .limiting toe overvoltage; but it has the dis¬ 
advantage of making necessary the resynchronizatjon 
h of the different machines in a station, to get them back 
te into service. 

it # In an earlier article (“Over-Voltag'e on Transmission 
ie Systems Due*to Dropping of Load,” A.I.E.E. Trans., 
ie 1925, V. 44, p. 872-80) was shown the manner in which 
i-, under various conditions transmission line voltage will 
y rise as a result of load dropping. The purpose of this 
paper is to show flow the voltage on a waterwheel 
i- generator or hydroelectric station may be held within 
e reasonable limits at a time when full load is suddenly 
r , lost, without opening the field circuits of the machines 
s or‘tripping them from the line or bus. 

Information given is based upon the results of tests 
V .made on a 47,000-kva. generator at the Spier Falls 
plant of the New York Power aryl Light Corporation. 
In these tests use was made^of a newly developed high 
speed generator voltage regulator and a Wheatstone 
. bridge type of main exciter field rheostat which made 
possible the quick reduction of generator field current 
thereby limiting the generator voltage. Tests were 
[ made also qpon the same generator to show the possi¬ 
bilities of limiting generator voltage by automatically 
inserting resistance in the alternator field. 

In Fig. 1 is given a simplified diagram of the test 
connections used including a six-element oscillograph. 

I he main exciter is compound wound, but as tests were 
desired for a shunt wound exciter, a switch was arranged 
to insert an 0.08-ohm resistor in the alternator field 
circuit to change the time constant of the circuit to a 
vaue simulating that of a shunt wound main exciter, 
ifiere being no low voltage bus or circuit breaker, load 
ahvays wa s dropped in the tests by tripping the trans¬ 
former high voltage circuit breaker. 

Regulator ^Equipment 

.„it!i!| Wh r tet ? n ? bri 1 ge rhepstat sh °wn in Kg. 1 is 
vn] ,„ ®, w ere lt: 18 desirable to reduce the main exciter 
°‘t f, t0 , a Jr? }ow value or reverse it, or when the 

in twT Ck reductlon . of exciter voltage is desirable, as 
m the case under consideration. 

motnr'iw' ma f bed A f e operated simultaneously by 
bv a h»n'wJ^ S f lai 'k ;e<1 B are 0 P era ted simultaneously 
when the hk* 61 th t desired volta & e reduction 

Consideration r6ays X open ' In the case under 

X onenerf «, s6ttu ? g was ma de such that when relays 
redweTf’ the exciter armature voltage was 

° f Wimately 10 volts. 

reLate nt7n C o r0 . elament - *’>*• 2 - <*■*» high speed 
totherotorofwh^ ° f 3 three-phase torque motor, 

<£ are / ttached two pairs of contacts! 

connected rear “ ake contact with disks 

haft driven at constant speed by a 
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“5 It t 0tOr ' The fVont to cam shared 
•teeth while thq rear disk is smooth. ' ' 

This regulator remains inoperative With both pairs. 

* 5r t taetS - ° Ut ° f . e ' 1 .? agemen t as long as no change in 

dotation is required. For slight Ranges in’ voltage 
oifly the front contacts i.and B, and the motor operated 
field rheostat are affected, a “notching” action resulting 
varying from a .single brief impulse to practically 
continuous operation of the motor depending upon the 
correction required. Only for greater changes in volt- 
age do the back contacts L, and R,_ and the high speed 
re a,ys X and Y come into action to maintain the voltage' 
until the motor operated rheostat has moved to a 
position corresponding to the required excitation. 

. Tke no £ c hmg action of the front .contacts in con¬ 
junction with the intermittent operation of the rheostat 
prevents overtravel of the latter with consequent 
hunting. The back contacts go into operation when 
the a-c. voltage has changed from 3 to 15 per cent 

according to the adjustment made. The regulator will 

hold constant voltage for all frequencies between 25 ' 
and 85 cycles. * , < 


phshed J>y the use of’a hand reset relay which, upon 
closing its contacts, changes the value of resistance in 
the coil circuit of the overvoltage relay. In the case 
under consideration the overvoltage relay was set to 

operate ^Approximately 16.8 kv. or 22 per cenfhbov* 

normal voltage. , 

/> 

•» Test Results 


Resistance in Field Circuit 

In Fig. 3 are indicated the connections and devices 
used to insert resistance automatically in the alternator 
held circuit upon the occurrence of overvoltage. The 
contact making voltmeter type of overvoltage relay 
endeavors to hold a-c. voltage in accordance with its 
setting by repeatedly opening and closing a contactor 
connected across a resistor in the alternator field circuit. 
As soon as the contactor opens, the setting of the over¬ 
voltage relay may be changed if desired to hold normal 
voltage or a voltage of some predetermined value. 
This change m the setting of'overvoltage relay is accom- 


^ulte of dropping load ° n the'47,000 kva. generator 
. under the conditions mentioned are shown in Fiss 

"or fh dnd ^ en ] °* d was dr °PPH -here Were two 
or three cycles of single-phase operation caused by the 

ree poles of the 110-kv. circuit breaker not opening 

san ; e m0men t. Because of this it may be 
noticed that the alternator field current did not decrease 
instantaneously at zero time, but dropped to its new 
value m about three cycles, which is reasonable when 
it is considered that it took that time jx/drop the load 
completely. In all cases where a 40,000-kw. load was 
dropped, a maximum of 138 per cent of normal speed 
was reached m approximately 3.5 sec. 

. Referring to Figs. 4' and 5, approximately 4 per cent • 
higher alternator voltage was obtained with the com- 

R0 Zaa7 f the shunt connected main exciter when . 

a 40,000-kw. load was tripped, using the wheatstone' 
bndge arrangement. Also, with the shunt exciter the 
overvoltage was reduced more quickly than with the 
compound exciter. When using the shunt exciter the 
maximum voltage was 16.5 kv. or approximately 20 
per cent above normal, and for the compound exciter, 

‘ *7’ or approximately 25 per cent above normal. 
This shows very clearly thq effectiveness of the regu- 
a or wi the Wheatstone bridge arrangement because 
Wlth ."°» 0r the alternator voltage would have 
reached 180 per cent of normal value when tripping the 
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Fig, 3. Method of automatically 
inserting resistance in alternator 
field circuit upon occurrence of 
overvoltage 
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Annm^t, hl ? h . V f 1 ^ age elre . uit b *aker and dropping a 
’ 40,000-ky. load of 0.9-power factor. Without the effect 

. of transformer magnetizing current as would be the 
owe if load were tripped on the low voltage aide of the 
transformer, the alternator voltage would re'ach double 
value with no regulator or voltage limiting means. 

• ,Jf hat n may - be ac ? om P , “ hed in limiting alternator 

voltage by- automatically inserting resistance of 1.12 

' annnn'L^f H te ™ ator fieId circuit when dropping a* 
•40,000-kw. load of 0.9.-power factor is shown in Fig & 

in this test the overvoltage relay shown in Fig. 3 was 
’ m!°P er ate at Id. 8 kv., and it held this .value. It 
^ «y be notic^ that the maximum alternator voltage, 
reached was 17.? kv., or approximately 128 per cent of 
normal,. Ip attempting to hold q-c. voltage the over- 
vo age relay opened and closed the contactor connected 
a«ross the lfl2-ohm resistor in the alternator field 
circuit, giving the sudden increases and decreases in 
alternator", voltage. This operation continued until 
the "regulator could gain control, and lower the a-c. 

lot^roemta Wh6re the overvoIta K e re] ay would 
° p . at f?J 1S ^ accomplished at the end of 
. approximately 10 sec., as shown by a high speed voltage 

be^dofovall > * P ° int ’ the re S ulator - which had ‘ 
14 c °“ ld to reduce the excitation, finally 

f ; , ^,,^ 0n ^i, an< i br0ught the vol *age back to normal* 

° another 5 sec. The rather long time which 

b f 0re tfe re ® uIator ® ained control was due to 
tihe use of a senes rheostat instead of the whSatstone 
bridge arrangement. 

Conclusions 

aT,H h wi, teS ?. deSCr ?®j indicate that & suitable regulator 
and Wheatstone bndge type of exciter field rheostat 
set to »ve zero or slightly negative main exciter arma- 
toe yoltage Provide a simple means of limiting over¬ 
voltage caused by dropping load. Under ordinary 
conditions such equipment functions as required^ 


hoW norma! a-c. voltage, but'at the same time is ready 

to prevent the voltage from reaching dangerous valued • 

ov^stress the insulation of generators and 
connected aTynarfl/hre _ii 
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drnnig 4 °' 000 ' l< "- lo * d of 0.9-power factor 
dropped, wing wheaWone bridge rheostat end 

snunt exciter 


- vwic ueHign oi iiemnmg 

a , nd , p J° tective apparatus to give better pro- 
tect^n and at the^same time not be subject to failure 
on overdynamic voltage. „ * 

The alternative method o£ automatically inserting 
in the alternator field cireuit also i ve^ 
£ W ” keeping the a-c. voltage within desiri 

° ad L ‘ S l0st - Theref ore, this method is 
*^? le for whe! ? overvoltage protection is needed 
a „, tb ® re *" «° ^ototor voltage regulators; or where 
reguJatora are beipg used, but the excitation system is 

nil** v tyP t and 1418 neither desirable nor economi¬ 
cal to change the exciter field cireuit to include such 
equipment as the Wheatstone bridge. 

the , tests described, load was dropped by tripping 
the transformer high voltage circuit breaker and" there? 

The effetf^rf °h lmechargingeurre "t was not included. 
Ihe effect of charging current-is to give a higher value 
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Fig. 6. 40,000-kw. load dropped. Resistance 
inserted in alternator field circuit « 
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of voltage, thq amount varying # with the length and 
voltage of the line and the number^of generators and 

transformers connected after load is lost. - 

. . p urve A ' “ 4 §hows that it is possible to calcu¬ 

late very closely the overvoltage on generators Teaused 
by the dropping of load. The method of this calcu- 
* lation is described m the companion article immediately 



•9- t. Schematic diagram of excitation circuits 
using wheatstone bridge type rheostat 


1 


Calculation of 

GeneratorOvervoltage 

Following the sudden loss of load by an 
alternator, speed and terminal voltage tend , 
to increase rapidly. In the following article, 
a method is outlined for predetermining 
such overvoltage, with especial reference to 
waterwheel generators. Test results which 
have been obtained on an actual machine 
prove that the curve of overvoltage which 
may be calculated by this method closely 
follows that secured in practise. 


overspeeding of the units, and the action of the genera¬ 
tor voltage regulators. The major potion of overvolt¬ 
age subsequent to loss of load is contributed by the 
increase in speed of the generator itself gather than by 
the increase in excitation due to overspeeding of the 
exciters. As a result, simplifying assumptions nfay be 
made relative to the exciter characteristics without ap¬ 
preciably affecting the accuracy. Assumptions used in n 

his article and applying to the pilot exciter are as 
« follows: 


„ 7 -—oAuiuer snuns neia is so small as compared 

a,e ■“ * h ° •-* 

L™:,'r“ ta r° n CU . r , Ve of “* e E 110 * ““a 1 " coincktos witi the no-load 

excZt thJIZ ?! operatin e/ange. This is approximately true for pilot 
exciters that are flat-compounded and liberally designed. 

Assumptions applying to the main exciter are: 

1. Shunt wound main exciters will be considered. asTshunt windings are 
anSr y eseSTtoe!'°. haVe b6tter characteristlcs a »* are commonly used 

rect^hva^rf “"S 6XClterfleld remains constant, but is cor¬ 
rected by a factor, depending upon the type of field structure. 

fs ixsod ° Pen CirCuit Instead of the lo »d saturation curve of the main exciter 


By 
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^CALCULATION of dynamic overvolt¬ 
age of alternators following the sudden dropping of load 
is a subject that as yet has not been covered very ex¬ 
tensively. The predetermination of the extent "of such 
overvoltage is very desirable, however, in that it enables 
the necessary precautions to be taken to guard against 
the disadvantages which may result from voltages 
greater than normal. These may be especially serious 
in waterwheel generators. The method of calculation 
outlined applied especially to this type of unit, and 
allows the alternator terminal voltage to be ex pressed in 
terms of time subsequent to the loss of load. ’ Test 
results which have been obtained on a 37,500-kw. ma¬ 
chine prove the accur|cy of the calculated results. 

The factors influencing this type of overvoltage are 

Especially written for Electricae Engineering and including the infor¬ 
mation given in the appendix to "Overvoltage on Transmission System 
Caused by Dropping Load" (No. 31-140) presented at the A.I.E.E. South 
West District meetjpg, Kansas Oity ; Mo., Oct. 22-24, 1931 . 
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These last two assumptions compensate in a measure 
or the effect of the voltage coming down on a higher 
curve than the saturation curve, due to eddy currents 
when the field current decreases rapidly. 

. Heaviside’s operational calculus is used in the analy¬ 
sis. The multiplier 1 appearing in the operational form 
of eqs. 1, 2, 4, 6, and 7, is called Heaviside’s unit func¬ 
tion. It is used in the derivations of his formulas, and 
even if it is not written down, it is tacitly assumed to be 
present. Generally speaking, it means that the action 
begins at t — 0 and time cannot be counted backward; 
that is, negative values of time cannot be used. The 

symbol p is the Heaviside operator, which replaces -~ 

dt 

wherever it appears in the differential equatio ns . An 
explanation of these terms as well as the steps involved 
in solving these differential equations to obtain 'feqs. 3, 
5, and 8, is given in various texts, “Operational Circuit 
Analysis” by V, Bush, and “Heaviside’s Operational 
Calculus” by E. J. Berg are especially recommended. 
However, if it is desired to work out a particular prob¬ 
lem without going into it deeply, eqs. 3, 5, and 8 may be 
used without studying either their origin or Heaviside’s 
operational calculus. 


163 


' • 


« 


• « 


Pilot Exciter Armature Voltage 

• • 


• » 

. ‘CoipHd® the ca«s when &e regulator fails to operate 

• ‘With t;h e assumptions previously outlined, the curve “ cummt through the main exciter field will be 

jV 1 *?* < f“ ter al ™ ature voltage readily 'may be ob-‘ i = - ffi h ~ r J 

, folIows: 1 From the saturation curte of the pilot + r. (r, + r.) 

normal'speed, .saturation curves for limner 

oen , 0 -per cent, etc., speeS may be drawn. Then ' i"_ r a — r x b — a 

teTZrln* R [r ne , ? r0d " Ct of field rem&nce Id 2^~To7+pL,)(r 2 +7J X 2^+1 1 « 

\ speed is read'as the,intersection of the HI line and the 6 S ° utlon ’ of whlch is 

saturation curve for the particular speed. * „• _ a b - a 

A curve ordinarily may be obtained from the water-* ° ~ m + nT x + Aae-*') 

sud the 81)66(1 of ^ unit upSi where 
sudden loss of had as ^function of time; hence, hv using 

6f ™ Ita « e f °r different speeds in conjimction m - - -± £? + n) 

^te^eed-hme curve, a volWe-time curve may be ^- 

.drawn. A* empnical expression for this pilot exciter . 
nei«aUs me - CUrVe “ operational fo ™ using one expo- A, = 1 

<■ ft 


( 3 ) 


w = 


Lo (r z + rd 
r 2 ri 


= « + ~±z a : 

‘ + r.p + 1 1 

* where 

a = initial value of voltage 
* b = finabfalue of voltage 
d <r 

p = ~x 

and 

the time constant T x — ■*—- 

h)g< 


( 1 ) 


Ai ---1-- 

c 

m 

e 

— «i (a 2 — ai) 

a x = 

• 

n 


4il / 


1 


— a 2 (a x — a 2 ) 

0/2 — 

Tx 



b — a 


The contacts a; are opened by a voltage regulator in 
3 cycles after the indication of 5 per cent overvoltage 
This ov^vdtage wiU appear the instant load is lost! 

constants^of^th? ° f the regulator and t^time 
K J ClrCm 1 fcS mvolved >* can be assumed 

of the rw ^ 61TOr ^ at the loss of load and opening 

of the contacts a; occur simultaneously. 

acts can be written , 


a fo + r 0 ) 


T x p + 1 
.( 4 ) 


«vw 

and * 0 are the coordinates of a particular point on the 

J? ? r 1 6rable to '^e a point in the region i. = r a ^-n) • . r 

where the greatest accuracy is desired. 2 nr 2 + r 0 (r 2 + n ) 2 L2r 2 r 1 + f 0 fa + r ~) 

#• 

" Main Exciter Field Current X ~—-_ — ■ r h. 1 

The r^evf + , 2 * (fl + ^ + (r ° + pLo) (r2 + r i + ri f ) J 

Ihe^next step is to determine the main exciter field * 

~ considering regulator action on the bridge rheo- + -— r ^ri ~ n f , (h _ n) 

stet, and overspeeding of the pilot exciter. The^xdta- 2 r,i( - ri + r ^+(ro+pL 0 )(r 2 -j-n+n') x 

rZ the Wheatstone bridge t™ ™ 

rheostat, are shown on Fig. 1. The method The solution being 

aJm^hoddf^fop’ 60f u“ Stet ’ but obviousth^t 7l + Y ^‘ + *** 

Of I 2l attacIc would be the same for oth® types where 
«f confool. The application and operation of the bridvo 
Is?® 0 vbeostat are described in the companion article 
G®®ator Ove^oltag* When Dropping w“b^E J 

Burnham, immediately preceding. 

6 volt ^ g ® ei grates upon the bridge circuit in 
l w^ d f i are tI 5f shunt fi eld resistance and induc- 
; especbyely and n, n^and r 2 are the rheostat re- 
Upon indication of overvoltage, the regulator 
■Cts X inserting both blocks of r x ' in the cir- 
•^ue of rsf usually is sufficient to reveme the 


( 5 ) 


Yi = 

F 2 = 


Ti = 


^ b (r 2 — ?jrzJ±y . 

2 r 2; (n + ri') -f r 0 (r 2 + n + n') 

(r 2 -f* n + ri 7 ) (a 2 — a 3 ) 

: ^ ■;--y ( y 2 ~ ri - — q) . 

12f! (r ' ^ r/; -bv- (t! + n + r^)J [(Tia, - i)j 

2 (r 2 + r 2 ri 7 
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2 r,(r, •+»•,') 

»3 = ~~Z -r----•— 

L 0 (r 2 + r x + r x ') 
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To 


a 2 = 

• • 


T, 


““ eq ’ ®. glves “l 3111 exc ‘ ter field current considering 
regulator action on the bridge rheostat and overspeedinf 
of the pilot exciter. This cuirent flowing through Jhe 

“ 5 “ " shunt field P^duces main exciter armata'e 
voltage and current which will now be considered 

Main Exciter Armature Voltage and Current 

By plotting eq. 5, the curve of mdin exciter armature 

In^ „Tli be det ® rmined ’ considering the increase in 
speed, as follows: For any particular value of »„ flowing 

ftawt ™ i* 386 i f. read from the duration curve 

T From the epeed-time curve of 
he unit, the speed of the set can be read for the particu- 

rSin m Tt Ch °if n ’ T« d * he voltage leased in direct- 
r-tio. The voltage filnetion thus obtained is that which 

operates upon the generator field. The operational 
eauatirm nfmoh o , , . . operational 


The problem now isuto find afi equation of generator 
field current as a function of time. Having thi~m- 

- ^Xeth7f lta8e tl° r ^ VaIue of field currentcan.be 1 

for the moiJ * j® saturatlon curve and corrected * 
for the moeased speeil at the particular time chosen. 

rent affecting th ®?enerator field cur* 

immedS sudden loss'of load, the Seld current drops 
immediately to a value necessary to produce flux back 

It thenbuilds^up to Tvalue that 
existed before loss of load, according to the open circuit 
time constant of the generator field circuit and oro- * 

Sis^ C ° DSt f lt sllpring y oI tage is maintained. But in ’ 
this case under consideration, due to tfie rlgulator action 

varies'aeeordhg to eq. °6. ““ ******* 

With the voltage expressed by eq. 6 applied to the 
the fnT’ ? nd 1 considering the drop of current at t = o 
will result™ 2 *”* equati0n for generator field current 
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SECONDS 


f ^ o r titie§ ,are in - per <unit ,, vaIuefe and defined as 
• f * 

. x ad = armature reaction reactance direct axis 
x d = synchronous reactance dirept axis 
Xq — synchronous reactance quadrature axis * * 
x d = .transient reactance direct axis 

Xld = armature leakage reactance direct axis 
id = i sin (8 -f <fi) 

i ~ 'load current* 

5 = load angle 

4> = power factor angle 
I — full load excitation neglecting saturation 
= excitation due to saturation 

r 

^w ng f SUdd f changes of ' load > the quantity in the 
bracket of eq. 9 must remain constant: This may be 
denoted by ty' as follows: 


FjS- 5. Exciter characteristics 


^ I id (Xd x'd) -f- I a 


X 'd~ X id ) 
Xqd 


* C 0 = 


C\ = 


Cs = 


• 1 
-C____ 

— Cl (c 2 — Cl) 


- c 2 (Ci - c 2 ) 


^ 1 rp/ 


C 2 = 


, plo4t “® ®q- 8 > tBe curve of generator terminal 

voltage can be determined by using the generator 
saturation curve and speed-time <mrve as was explained 
for mam exciter armature voltage. This completes the 
udculation for conditions at the generator terminals 
Although quite involved, and not covered in this article 
the same method can be extended to include a lone 

■* d^p™r' 0n me remain ‘ ng ““uected after load if 

Oai^clation for Instant op Dropping Load 

The calculation of generator field current dron and 
armature voltage rise the instant load™ dropiSl 
n flT m Synchronous Machinee-III” W RE 
? 9 » T« C ^; Nickle, A.I.E.E. ftLa, V J 
1927, p. 1-18; and Two Reaction Theory of 

” “Sf,'*™ I.«" 48,' 
eld flux linkage under load is per 

~~r yi-uixi-+ I 

•C«d - -J 


f 

ft.nt C IT e ° f *' andper unit fi6ld current can be plotted 
from the open circuit saturation curve of the machine. 

Thfa for a given oad condition *' can be calculated, 

stent h!L l0 f d 18 lu St 14 remains constant «>e first in- 
f T m 4116 curve of *' the per unit excitation 
tte first instant can be obtained and the corresponding 
voltage read from the saturation curve. 

a ? 10rtisseur winding currents is neg¬ 
lected due to their fast time constant. 

Numerical Example 
* 

tratedTvlT^ri 04 4I f me4hod described will be illus¬ 
trated by calculations for a 37,500-kw., 0.8-power-factor 

fro-ride 04 ' h tests:w - ere made on thjs machine and 

p ovide a check as to the accuracy of the method. 

Generator constants: 


Xad m 0.76 
Xd - 1.03 

Xq 0.65 

X'd =0.37 


Xld = 0.27 
T'3o — 4.5 seconds 

4 " .°- 337 °hms tfield circuit resistance) 

Saturation curve, Pig. 4 


Main exciter constants: 

r ° -4.32 ohms (shunt field resistance) 

s:toa 1 £S^!^ e ° ,stota8l<l '* oul,, 

Pilot exciter: 

h . 

Saturation curve, Pig. 2. 

Bridge type rheostat constants: * 

n “ 4 n' - 100 rg =48 (refer Pig l) 

spSdl'Zd saturation curve of Kg. 2 for various 
speeds and the speed-time curve of Pig. 6, the Dilot 
^voltage curve Kg. 5 is plotted 8 Eq T C 


Cl = .250 + 


2p -J-1 
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With the constants giypn f<fr the rheostat and ™m n 
exciter, eq. 5-becomes" , * 

io = — 2.3 +'1.16 e~° ,6< + 19.35 e~ 10 * 

The curve of i 0 ^plotted as shown on Fig. 5. By 
using this, the speed-time curve bf Fig. 6 * and the 
saturation curve of Fig. 3, a curve of’slipring (main ex¬ 
citer armature) voltage as a function of time is plotted 

as shown m Fig, 5. The operational equation, eq. 6, 
DGcomes * * 


* - « W 

. ^us 1*13 is the per uilit excitation necessary neglect 1 -" 
mg saturation; but ffbm the saturation curve we find it 
takes 1.88 per unit excitation to get 1.13 per unit volt¬ 
age, hence, 7 S = 0.25 due to saturation. Therefore: the 
value of becomes 

* = 1.0* + 0.71 (0.66) + 0.132 (0.25) - 

= 1.24 „ * • 


E = 265 + 


295 


0.165 p + 1 


Hence, eq. 8 becomes 

% 

7 = 785—7/ €~ </4 * 6 —1180 (0.75—0.78* € _0,22< +0.03 e -6 *) 
It will now be shown how to calculate the value of 7/ 
biomes PartiClllar machine ^deration, eq. 10 

* r = id 0.66 + 0.132 7, 

The machine was delivering 40,000 kw. at 0.9 power 
facto* and normal voltage, or 44,500 kva. when load was 

dropped. Hence, based on machine rating 0.94 unit 
current was flowing. 

For this condition 


8 + <j> = tan -1 


ix q sin = <f> 
cos <j> 


8 + <f> - 49 deg. 
Hence 


Whe“h the machine loses load, i d goes»to zero and the 
m^t instant must remain constant. So we turn to 
the no-load curve of and find that the value of field 
current necessary to produce 1.24V is 1.58. Also, from* 
the no-load saturation curve we find that 1.58 field cur- 
, rent produces 1.18 voltage, the value obtained at 2=0* 

On this particular machine, unit field current is 420 
amperes (air-gap line, normal voltage).- Hence, the 
vaiue of field current Ihe first instant is 663 a'hipbres and 
7/ is 122 amperes. 

Using this value of 7/ and dividing through by 420 lo 
change to per unit, we get for generator field current 

7= (1.87- 0.29 €-0.22*)—2.8(0.75—0.78V-o-«i)+ 0.03 

Plotting this equation results in the current curve of 
Fig. 6 and using this with the open-circuit saturation 
curve of the generator and its speed-time curve, the" 
generator terminal voltage is plotted as in Fig. 6. The 
^results check with surprising accuracy, values obtained 
by test considering that there were four or five cycles olt 
arcmg in the breaker disconnecting the load and that: 
calculated- values of unsaturated machine constants 
were used. . 


id = 0.94 sin 49 deg. 

= 0.71 

7 is excitation neglecting saturation and is obtained 
as follows: Referring to Fig’. 7 

e d = 7 = e t cos 0 + « (e t sin 0 + i a x A ) 

- 0.9 + j (0.435 + 0.97) 

= 1.67 

* 

where 

e <t = per unit voltage back of synchronous reactance 
7 = per unit field current to produce e d 
e t = per unit terminal voltage 
ia - per unit armature current 
0 = power factor angle 



7„ is excitation due to saturation and is obtained as 
’ follows. Referring again to Fig. 7 

e v = I' = e t cos 0 + j (e t sin 0 + i a x id ) . 

= 0.9 +y (0.435 + 0.254) 

- 1.13 

no ¬ 

where 

e v — per unit voltage back of leakage reactance 
7' = per unit field current to produce e v 

Mauch 1932 * : 


Fig. 6. (Above) Generator and 
hydro unit characteristics 


Fig. 7. (Right) Simple vector dia¬ 
gram of a synchronous machine 

4 
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Tape Armored 

• » 

. .Telephone Toll Cable 


• r • 

Toll cables burred directly in the earth are 
comtng into increased use. Such cables are 
not installed in .the usual clay conduit but 
are protected by layers of paper, jute, arid 
steel tapes.« Complete' equipment for 
Iftyrng this cable has been developed. 



Fig. 1. Lower pert of cable-laying plow and tube 

r 


By 

C. W. NySTROM 

Associate A.I.E.E. 


Southwestern Bell Tel. 
do., st. Louis, Mo. 
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it , , 7 CABLE in this country has in 

♦ the past been installed either aerially on pole lines or 

types of construction, there are many routes where 
ground conditions are favorable and on whiefi one or 

ad 77 for a iong p ® riod; ;t k f ° r 

de^o^T , PS annored cabIes were 

The cable is termed “tape armored” because of ir« 
outer protection. Lead-sheath cable of tee t™ 
ordinarily used for toll service is covered first witt^a 
™appmg of paper followed by two layers of Mero^ng 
Two steel tapes, one over the other, then are atmlied 
each tape being 2 inches wide and 41 mils thick A 
patron of one-half inch is maintaTn^ betreet 

of the tape, and the outer layer is so 
placed that it covers the space left between the bindings 

tew ‘ZlTn I™ Wl* <* late 

• Sirs 

lm : ^T eterand8 - lb ' <* aParmOTedeable 
s Boned tape armored cables possess several ad 

uro^nduit: 7™ °“ P °' e or in <“der- 

mw Witwr-W 


?« * re «««* ><*■ 
of the steel tapes. This factor is rtioc due to the shielding effect 

Power Practise as Affect^Ooo^? Trends * Telephene and 

*•*» bi* STvo'd obatracu™ K, ” Bh c0,mtr r “"d tare 

«-«^» d u.-^rsssaKSs. , Easr'“ v “ 

p~rt^d , wMl?SuSm^S a ^£‘?*°“, 6<10 *° 700 ft - rr conduit a 
• at loading points which normally occur at SjSSSaSmL' 

directlv tetef^Twf 7* armored ^bles are buried 
are general^ °^ tlon and re P air of troubles 

aeteSSf w <M5cUlt and pensive than for 

Stated'>,, T V T’, lm P r °vements in methods for 
maintaining buned cables should reduce such costs 

d in any event, the amount of trouble per cable mile 

reasonably may be expected to be.much ksTthL 1 

star *«X5£ 

"ngprivate proi° ther 

mhli f ? 5, easements at a reasonable price 

7 te “ privately owned landfmay 

an^deauL^* 11 faW ^. open cou ntry, frequent roads, 
site for ? ® ^ aPS ’ ° rdmarily tbere would be no neces- 

anuored tolteSf'TZ. aenal sunre y, the. first tape 
a at. • - ^kle m this country was installed hv flip 

szsr™ !*»-»• 

■ j_ . Cisco, Texas,, m country which made it 

Ptof ^ Ph ° t0graph f general route fromanak-' 

mfll on tek r„T P 7 f ° r 85 mfles of the total 100 
nmes on this route is extremely rueced with i 9rm > 

“ties of rock in the soil and the |rLTcoyerfd 
Br^ den ^ gr0Wths ° f SC F ub oak an ^ ot ber underbrush 

HoweveTthe W a!ri d a r C w te T were not obtainable.' 

routetobe ph ° togTapha enaWed the tentative 

route to be marked out easily and was of assistance in 
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expediting the ground survey wh'ch is of’course neces¬ 
sary m any event. * , ueces- 

As the Port 'Worth-Cisco and' other tape armored 
cables later installed are largely on private rights-of- 
. wa/j in many instances in cultivated fields, fspecial 
traqtors of the caterpillar type had to be designed to 

, tra 2T rt the «able reels over soft SHftm 
muddy ground There have been also some devdop- 
ments of four-wheel-drive truck equipment for handito ,. 

e rhTT ° n the r ‘ gbt ' of ' way 38 well as on the highway^ 
^ u ‘P” ent Egging the trench, IayiL the 
cable, and making the backfill has changed considerably 
since the early design. For trenching hrt a 
commercial wheel type excavating* machine was first 
used and proved quite satisfactory until soil containing 
a considerable quantity of rock was encountered. A 
rock-breaking plow then was designed, and answered 
aie needs quite satisfactorily except in cases where 
sdid rock was encountered and pneumatic drills and 
blasting were required. The cable was laid in the 
trench directly from the reel, except in such cases as 
c«*»ng under paved highways and pipe linesmen 
steep slopes, where the cable was pulled over rollers 
placed on the bottom of the trench. Backfilling $as 
accomplished by a separate machine of the type^om- 

z b iiti\TzT cbes by the upturnea 

Y se ° f the rock-breaking plow focuse’d attention 

Thk led^te TheT^ ° f C ° mbining the ^foPment. 
This led to the development of the outfit shown in 

2 W j 1C , b not only ^ igs tlle trench but also lays the 
cable and then fills the excavation, all in one operation 

The equipment consists essentially of two main parts, 
a chassis, and a vertical central portion which may be 

0r '° wer f to b, fy the cable at depths up to 28 
rnches. Properly speaking the plow of this equipment 
does not dig a. trench, but merely cuts a slot into the 

F r °™ d ;,. s ? m ® earth is thrown out and after the cable 
is fold this is drawn to the center of the slot by the 
backfiller. If desired, a tractor may be run over the 

disturbed earth to pack it down. • 

1% 


th sometimes threJ, are Wired' to pull ' 

the rable.reel trailer, plow, gnd backfiller. The essen- 

P '° W r d Cable ' laying tabe are ££ 

m Jfig. 1. The forward or cutting end is a steel ulate 
aaving a sharpened edge and a shoe provided at the 
bottom to, make a larger space for the cable Sfde* 

fm? 1 ° the blaciftand to tfee outer 

eatfe entera i? ® Wbich the ^.passes. The 

pipe extends into th* dlrect l y f !' om the reeI . and as the 

tod bottom of to gr ° UDd - the cable is deposited at 
tod bottom of the trench and is not dragged through • 

rablf to“ y f“ e :- ^ layin g more than 300 ‘ 
“ K b u ChlS P 0W13 stlU » g°od”cori’dition.' * 
vJ^-ffi b °’jl d ? S and tree roots often made progress 

found tha?Vrt r the cable ' layin S Plow and it was 

earth to! f f I l anw slot fi ^t cut into the 
earth, the usual plowing and cable laying oiieraHonc 

were considerably expedited. The 2w nied Tr 7L 

purpose is called a rooter plow as shown ip Fig 3 It 

■ 8 of rugged design and fits the same chassis as tie cable 

ev^Vto ft 316 * 1 " 6 f° Vering the cable splice neeessaiy 
every 750 ft. was at first protected by a cast iron case • 

f0UDd *° 1)6 rather “'Pensive and it 
9,s felt that a cheaper protection consisting of a wood 

case made of 2-m. creosoted yellow pine lumber would * 
serve equally well. Space for branch 
by two openings in one of the end pieces* The <Zs^ 
lead sheath and sleeve within the case are paint^with 
an asphaltum compound, and covered with three layers 

uound 81 Th a ^ e T hlCh also is painted with the com- 
pound. The loading manholes for tape armored eahlp* 

a ®° are ?/ ?" in * ^eosoted yellow pine. After the top is 
placed, it is covered'with earth, the depth from th* 

Sh“ S This is n P ° f the manh ° l6 teing at least 18 
w !!'-to to ““^sacy as it is desirable not to inter- 

fere with the use of toe land for ordinary agricultural 

c!7Tto The type of “anhole illustratedTn Fiv i 
costs less than one-third that of the most economically 

built concrete manhole of similar dimensions. Markers ' 


% 




ifl. 2. Complete cqjble-faying 
quipment of improved design, con- 
isting of tractors, chassis for cable 
sel, cable-laying plow and tube, 
*d backfiller 
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Fig. 3. 9 (Left) Rooter plow * 
which may be traced in the 
chassis, for cutting a * pre- 
Jim inary sl6t in difficult 
. ground containing tree, roots 
and small boulders 


Fig. 4.* /Right) Wood man¬ 
hole. No floor is provided, 
the loading 'coil pots being 
buried in the earth 



usuaHy are provided at each manhole and at points 
along the cable route to enable the ready location of 
* trouble, and the placing of additional loading coils or a 
future cable, To prevent damage by other excavating 
activities, waiting sighs are placed on each side of a 
road under which cable is laid, at pipe lines and railroad 4 
crossings, and at similar locations. 

Electrical tests on tape armored* cables do not differ 
appreciably from those used'for unarmored cables. 
It is estimated that the minimum number of tests 
normally required is 5,150 individual measurements per 
mile of cable, and if conditions difficult of correction 
are encountered, many of the tests must be repeated. 
'For the cables between St. Louis and Dallas, the esti¬ 
mated minimum number of individual test measure¬ 
ments reaches the rather astounding total of 4,500,000. 

Since troubles in buried cables may be more difficult 
to locate and clear than for those on pole lines or in clay 
conduits, it is desirable that tape armored cable, when 
first placed, \>e as free as possible from defects which 
are likely to allow moisture to enter. The lead sheath 
is tested with nitrogen under pressure, at the factory, 
upon arrival at the destination, just before the cable is 
laid or plowed in, one or two days later, and then, 
before the splicing operations begin. As splicing 
necessitates the removal of the sheath at each end of a 
length of cable, most of the gas is lost. Nitrogen again 
is introduced upon completion of splicing in one load¬ 
ing section, 6,000 ft., and is allowed to remain for about 
*two days. If no leaks are found, the loading coils are 
spliced in, and the loading splices tested with gas. 
Gage readings are taken and recorded during all these 
tests. 

A discussion of the application of gas pressure testing 
for the detection of sheath breaks during installation 
and with the cable in service has been given by B. S. 
Wagner and A. C. Burroway in “Recent Developments 
in Telephone Construction Practises/’ A.I.E.E. Trans¬ 
actions, July 1929, p. 836-848. In connection with 
constant gas-pressure testing on completed cables, how¬ 
ever, two recent improvements seem worthy of mention 
here. First, the combined contactor-terminal which 
is compact, gas-tight, may be mounted either in a 
manhole or on a post, and is so constructed that the 
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Fig. *5. Circuit of improved gas pressure alarm 

contactor may be replaced very easily. The second 
is an improved alarm circuit that avoids a difficulty 
possible in the earlier circuits; namely, the operation of 
any one contactor will render the alarm circuit insensi¬ 
tive to the subsequent operation of any other contactor 
in the 50-mile cable section until the first contactor is 
disconnected or the gas pressure is raised in the cable 
section it covers. This 'difficulty, resulting from the 
fact that a single alarm circuit is used for an entire 
repeater section of cable, is avoided by the plan shown 
in Fig. 5, based on the Wheatstone bridge principle. 
Contactors at*various points of the cable pair operate 
on reduced gas pressure and they short circuit given 
values of resistance. Equal, values of resistance are 
located in the bridge at the repeater station. As each 
pair of resistances has a different value, the attendant 
at the repeater station merely inserts a non-metallic 
plug in each jack in turn until the correct one is found 
as evidenced by silencing of the alarm. The bridge 
then is rebalanced and remains so until another con¬ 
tactor operates. 

To protect the cables during periods when the gas 
alanpis inoperative, as, for example, when a large sheath 
break or repair operation may permit practically all 
the gas to escape from a plug section, another mainte- 
i’ VAce known as the lo\jr insulation resistance 
alarrn is often used. This operates when moisture 
entering the cable lowers the insulation resistance 
between the conductors and the cable sheath, A 
number of pairs in the outer layer adjacent to the lead 
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sheath is connected to a relay mechanism'in the repeaJer 
station which automatically and *n regular sequence 
switches thesfe conductors to a sensitive insulation 
measuring device. A decrease in the resistance below' 
a^,predetermined value causes an alarm to operate, and 
Wheatstone bridge measurements then are made to 
locate the trouble The exceedingly small currents 
flowing through the moistened insulation are amplified 
by vacuum tubes "sufficiently to operate the alarm. ., 
No direct comparisons Sre available on which to base 
the relative costs of aerial and buried tape armored 
cables. However, it appears that one aerial cable on a. 
pole line costs about 90 per cent of that of one buried 
tape armored cable, and two aerial* cables on a pole line 
would cost about 85 per' cent that of two buried tape 


■» \ t • • • 

armored cables. However, certain developments now 
under Consideration promise a rather substantial 
reduction in the cost of buried cable and if thCse pnove 
successful,'it is quite probable that buried plant may * 
cost even less than aerial cable. •• . 

There Hs another factor difficulh.of evaluation and 
that is the effect of service interruptions. Continuous 
and dependable service is one of the principal objectives 
<?f a telephone company and service failures are not 
only annoying to patrons but result in 4oss of revenue 
to the company. As previously discussed, it would/ 
seem that buried cable §hould be subject to less damage 
from external* sources than aerial construction. If this - 
is borne out by further experience, the use of .buried 

cable may become more extensive. . 

* * * • 


Paralleling 

Rotor and Stator 

* 

A wound rotor induction machine may be 
, given special characteristics by connecting 
the stator and rotor windings in parallel/ 
either directly or through an auto-trans¬ 
former. Pull-out torque, hp. output, and 
efficiency at large loads are increased for 
motor operation; and maximum kva. output 
is increased for operation as an induction 
generator. 

* 

\ 

By * 

A. 0. CONRAD 

Associate, A.I.E.E. 

m Both of 

R. G. WARNER Yale University 

Member, A.I.E.E, New Haven, Conn. 


rotor, The advantages which have been found for such 
a scheme are as follows: 

1. -The breakdown torque of the machine operating as a motor can be ap- 
. proximately doubled, increasing the rating of a given motor. 

2. Generator capacity and maximum output can be increased. 

3* Higher efficiencies may be secured at large loads. 

(8 * 
♦ 

, Starting and Operation 

4 

The pnneiple of operation of the motor is indicated 
in Fig. 1. With the switch S i open, the stator is supplied 
from the three-phase line, and the rotor is connected to 
the armature of a synchronous generator. The latter 
serves as a path for the secondary current, allowing the 
induction motor to bfe started and operate much the same 
as if the rings were short-circuited. If the stator phase 
rotation is 1-2-3, the voltages induced in the rotor will 
be of low frequency with a phase rotation of a-b-c, caus¬ 
ing current to flow in the synchronous machine arma¬ 
ture in the order A-B-C. The induction motor will ro- 
tate in a clockwise direction. 

With the stator disconnected from the supply and short- 
circuited directly or through transformers, and power 
supplied to the rotor from the alternator, the induction 
machine may be started again. If the phase rotation of 


AA# 

Ww OUND ROTOR induction motors 
normally are operated with the sliprings short-circuited. 
However, both rotor and stator may be independently 
magnetized thus permitting power to be taken* or de¬ 
livered through any one or two of the three channels, 
namely, the stator, rotor, and shaft. Further, the stator 
and rotor voltage and frequency can be adjusted to the 
same values, making it possible to parallel the stator and 

Based upon “An Induction Motor with Paralleled Rotor and Stator" 
(No. 32-27) presented at the A.I.E.E. winter convention, New York, N. Y., 
Jan. 25-29,1032. 

March 1932 * 
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Fig. 1, Diagram illustrating operation 
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* Fig. 2. r Speed-torque curves of machine 

. " Curve A—Rotor and stator paralleled 

* Curve B— Rotor short-clfcuited 




Figs. 3 and 4. Efficiency as a motor (left), and 
as a generator (right) 

Curve A—Rotor and stator paralleled 
Curve B—Rotor short-circuited ‘ 

* i 


current in the* order o? a-bvc. The machine when so 
connected has characteristics similar to‘those of the 
normal induction motor. When loaded*the speed de-’ 
* creases slightly. When driven above synchronous speed 
the machine acts as an induction* generator; the lpw- 
frequency currents in the stator and rotor are opposite 
in phasd rotation to what they are as a motor. 

The characteristics of the motor with its rotor and 
stator paralleled can be determined by applying ordi¬ 
nary induction motor theory. 9 Using slip as parameter it 
is possible to determine the torque, stator copper loss, 
.rotor loss, etc., by the power fed into the stator and for 



Fig. 5. Currents during generator operation 

Curve A—Line current with rotor and stator paralleled 
Curve B—Stator phase current with rotor short-circuited 
Curve C—Stator phase current with rotor and stator paralleled 


the alternator is C-B-A the induction machin e will ro¬ 
tate in the same direction as above, and the low-fre¬ 
quency currents in the stator will be in the direction 
3-2-1. 

If the stator now is connected to the line in the usual 
^manner, and at the same time the rotor continues to be 
supplied from the alternator with phase rotation C-B-A, 
the supply transformers will act as a low impedance 
; path for the slip-frequency currents in the stator and 
the alternator will complete the path for the slip-fre- 
> quency currents of the rotor. The magnitude of the 
voltage impressed on the rotor is dependent upon the 
field excitation of the synchronous machine. The fre¬ 
quency of the voltage depends upon the speed of the syn¬ 
chronous machine. By adjusting these two factors, the 
rotor and stator can be made to have the same voltage 
and frequency so that they can be synchronized and 
• electrically connected through switch S x . Switch S 2 
now can be opened and the induction motor will con-, 
to operate, both stator and rotor receiving power 
from the line.. Rotation will be less than synchronous 
high frequency current in the stator wiil be in 
the order l-2-3, and the low frequency currents in the 
of 3-2-1. The high frequency currents in the 
wfil'bc in the order of c-b-ci and the low frequency 

-V- :• ' v . 


the same slip determine values for the same it ems which 
are produced by the power fed into the rotor. 

Experimental Investigations 

r 

Calculations and analysis of operation were checked 
experimentally.* The machine selected for tests was a 
wound-rotor induction motor rated 10 hp., 60 cycles, 
three-phase, 1,140 r.p.m., 220-volt stator, 206-volt 
rotor. The motor had nearly a 1 to 1 ratio of stator to 
rotor turns. In order to keep within the limitations of 
the laboratory circuits, the voltage on each phase was 
dropped to 110 volts, 60 cycles, and the characteristics 
were determined with stator and rotor paralleled. In 
this machine the voltage supplied to each phase is a 
fundamental voltage, while the current Mil contain 
not only a fundamental component but also a low-fre* 
quency component. The results of these testa are sh own 
as curve A in Figs. 2 to 5. For comparison, curve B 
in each figure shows the characteristics of the motor 
with normal connections. , * 

As indicated in these figures, the breakdown torque 
of the motor can be approximately doubled by using 
the stator and rotor in parallel; likewise that the genera¬ 
tor capacity and maximhm output can be increased by 

' /: .='/■: ; v>-: ' 
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the parallel connection, ^ith the parallel connection, 
high efficiencies are obtained forlarge loads on account 
of reduced copper losses per unit output' However, the 
efficiencies are low fanlight loads because of larger iron 
IdSdes and copper losses produced ^hy the additional 
exciting current, the maximum efficiency for the two 
cases can be seen to be approximately the same for 
either the condition of motor or generator operation. 
The curves of Fig. 5, for generator operation show tMt 
the phase current with the parallel connection will be 
less than the phase current with the rotor short-circuited. 

The circle diagram of the motor when the rings are 
short-circuited is indicated in Fig. & The no-load losses 
for this machine are very small but it can be seen that 
when the rotor and stator are paralleled the no-load 
line current contains a larger power component. This 
is' because of the increased iron losses due to the high- 
frequency rotor flux and also the superposition of the 
two fluxes traveling in the iron at different speeds. In 
additioirto this the exciting current in the rotor causes"' 
copper losses which increase the no-load input. 
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Fig. 6. Locus of line current 

Curve A—Rotor and stator paralleled 
Curve B—Rotor short-circuited 


out of pjiase. This is' caused by different constants in 
the rotor from those in the stator; i. e., the, ratio of • 
stator inductance to stator resistance is different than ; 
the ratio of rotor inductance to rotor resistance. It 
also can. fye seen in Fig. 8 that the low frequency eurserit 
is slightly less than th§ high frequency current in the 
same phase. * * 

^ The effect of the low frequency currents upon the 
lmewill depend to a certain extent upon the ratio of the 
motor rating to the rating of the transformers supplying • 
the load. It is obvious that if this ratio is large, the * 
efficiency rqight be reduced. * - ” 

- It is possible to operate a wound rotor induction 
motor with its rotor and stator paralleled when the 
voltage ratio is not J to 1, by connecting tjie low 
voltage rotor to the high voltage line through an auto¬ 
transformer. The behavior of the machine under thesg 
conditions should be better than when no transformer 
is used, since the transformer-will by-pafes pgrt of the 
low frequency current that, ordinarily would flow 
through the supply transformers 

The tests made on the machine as a motor and as a 
generator indicated two disadvantages of the parallel „ 
connection; the machine was noisy and the exciting 
current was high. This noise might be eliminated by 
special designing. Also due to the superimposed fluxes'* 
rotating in opposite directions the iron of the motor was 
saturated; this difficulty could be minimized by a special 
design. ^ 

Variations in the rotor and stator constants and in 
external resistances permit a number of combinations of 
motor characteristics to be ^obtained, including both 
high starting torque and good regulation. Also if the 
machine is to be subjected tola wide range of load, maxi¬ 
mum efficiency may be obtained by the hse of a switch¬ 
ing arrangement in the rotor that will short-circuit the 
rings when the load is light, and connect the rotor and 
stator in parallel when the load is heavy. 


It will be noted also that the maximum power com¬ 
ponent of the input current is a little less than twice 
the maximum power component of the motor when its 
rings are short-circuited. This is caused by a slight 
terminal voltage drop with these heavy loads. It may 
be assumed that the heart-shaped diagram would have 
had a slightly higher maximum power component if the 
voltage had remained constant. The arithmetic sum of 
Stator and rotor currents was almost equal to the line 
current. . 

The exciting current taken by the motor is indicated 
by the oscillogram of Fig. 7. It can be seen in Fig. 8 . 
tjhat some of the high frequency waves have pointed 
peaks and the other maximum values of the same wave 
have rounded points. This indicates a high saturation 
during part of the cycle. ; 

When the machine is loaded, the high frequency 
currents and the low frequency currents are each slightly 
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Fig. 7. No-load currents with rotor and stator 
paralleled 245 volts applied 



Fig. 8. Full-load current with rotor and stator 
paralleled 220 volts applied 
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Interconnection of 


Electric Power 
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Companies with adjacent power systems are 
showing an ever increasing tendency to 
^interconnect their properties. „ Supple¬ 
menting previously published information, 
the following four articles classify and 
discuss the various interconnection services 
available. 

o 



ft 

, Interconnection Services 
Classified and Evaluated 


o 

I 


-Interconnection refers to the 

physical tying together of two or more independently 
owned or managed electric systems for the purpose cof 
realizing financial benefits or improvement of service 
by the interchange of power and energy. The im¬ 
portance delinking power sources, transmission facili¬ 
ties, and load areas is fully recognized. Interconnection 
aids .the electric utility industry in providing the 
customer with an electric supply adequate to his 
requirements in quantity, quality, and reliability. 

In order to take full advantage of an interconnection, 
careful studies must be made, based upon a thorough 
understanding of the problems of each of the systems. 
The various factors involved first* should be classified 
and defined so cis to avoid confusion and error in com¬ 
paring different schemes. 

The subject of interconnection may be considered 
under the arbitrary divisions of (1) classification of 
service; (2) evaluation or economics; (3) contract; 
*(4) design and construction; and (5) operation. The 
first two divisions, namely classification and evaluation, 
are considered by A. E. Bauhan in the first of the four 
articles immediately following. The second article, 
tfeat by G. M. Keenan, discusses the development and 
operation of interconnected power systems, placing 
emphasis on the execution of a well formulated operat¬ 
ing plan. The third article, by E. W. Dillard and 
W. R. Bell, enumerates the advantages as well as some 
of the disadvantages and difficulties in operating a 
particular interconnected system covering the more 
densely populated sections of New England. The last 
of the group, an article by H. S. Fitch, describes the 
plan of interconnection and operation of contiguous 
power systems independently serving a vast industrial 
regionof Pennsylvania, Ohio, and West Virginia. In 
this case each system is under separate control, both 
financial and operating, with all the diverse standards 

and ideas of technical, commercial, and accounting 
nature,, . 


By 

A. E. BAUHAN 

Member A.I.E.E. 


Public Service Elec. & 
Gas Go., Newwk, N.'J. 


Determination of the economic 

merits of an interconnection, that is, its evaluation," is 
greatly facilitated by an orderly and logical classifica¬ 
tion of the-services which that interconnection will 
render. Recognitipn of the various classes of service 
is not only helpful but is quite essential in the prepara¬ 
tion and application of the interconnection contract, 
as each class of service requires different provisions and 
rates of payment. Such classification is helpful in 
rationalizing design, as fof instance in determining 
whether the services to be rendered by the interconnec¬ 
tion warrant a double or only a single circuit. 

The classification offeifed here is not intended to be 
an enumeration of benefits rendered by interconnection 
but rather a delineation of the- types of transactions 
which take place over interconnections. It is an 
attempt at earmarking or labeling the various amo un ts 
of power or blocks of energy in the light of what they 
do—of what service they perform—as necessitated 
principally by evaluation ancf contractual expr essi on. 
Seven main service divisions may be recognized: emer¬ 
gency service, load diversity, firm power, storage 
power, intra-company use, economy flow, and unin¬ 
tentional flow. 

Emergency service is the assistance'“which one' 
company renders to another in the event of breakdown 
of equipment, unusual load demands, or other abnormal 
conditions resulting in power requirements in excess 
of the capacity of the normal power sources of the 
company in difficulty. When emergency service rnaVgq 
possible a definite recognizable reduction in the amount 
of generating capacity it is sometimes referred to as 
reserve diversity. 

Service 8 , Their Glassification and Evaiua- 
X “ “• iXE T*”* Ashe- 
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Load diversity refers* to those transactions which' 
result in a saving of generating capacity by reason of 
the non-coincidence of the times of the peak loads of the 
, interconnected companies. For instance, if a system 
' havlrig a morning peak is interconnected with a system 
having its peak at 5:00 p.m. a saving in generating 
capacity results. If the diversity is found to be, say, 
40,000 kw., each at-* the time of its peak could receive 
from the other 20,000 kw.,. thus realizing a saving of * 
installed capacity of that amount. Three subdivisions 
of load diversity, daily, monthly, and yearly, are 
illustrated in Figs. 1, 2, and 3. The total diversity 
saving is equal to the daily diversity of the combined- 
peak day plus the monthly diversity of the combined- 
peak month plus the yearly diversity. * 

Firm power arises when one company, instead of 
installing necessary generating capacity in its owh 
system, chooses to buy power from the other system. 
It involves a sale contract of either long or short term, 
with a firih obligation pn the part of the seller to hold 
available capacity for the use of the buyer in lieu of 
installed'capacity. 

Storage power transactions involve the conversion ft of 
energy generated off-peak in one system into peak 
capacity in another system, through the medium of 
storage, usually the storage of hydraulic potential 
energy. There are two classes of storage power 
transactions; (1) pumped storage, by which relatively 
low-cost energy is used to pump water into a storage 
pond during off-peak hours; and (2) improved utiliza¬ 
tion of storage, in which generation during off-peak 
hours is substituted for energy which would otherwise 
be taken out of storage. In either case the stored 
energy is utilized at such a rate of discharge and at 
such a time as will create additional capacity values. 
Examples of storage power transactions are illustrated 
in Figs. 4, 5, arid 6. 

_ Intra-company use refers to interconnecting facili¬ 
ties used by one of the companies in place of other 
facilities which otherwise it would have hrid to provide 
for its own purposes. Interconnecting facilities which 
may thus be used include transmission lines and struc¬ 


tures, substation equipment, tertiary windings in inter¬ 
connection transformers which take the place ®f sep¬ 
arate two-winding transformers, and rights-of-way. 
In some of these transactions energy for intra-company 
use is commingled with interconnection flows, and in * 
such cases contractual arrangements $re necessary to 
provide fqr their separation and to limit the* intra- 
corqpany use so that interconnection flow is not un¬ 
duly hampered. „ 

Economy flow occurs when energymsed by one system 
and which could have been generated by that system is 
for the sake of economy actually generated by another. 

Unintentional flow is included because it is desirable 
to consider deviations from the intended, flow and 
inadvertent flows when none is intended. * , « 

Evaluation * * 

* 

„ Before decision can be reached'as to whether nr not a 
proposed interconnection should be installed, it is 
necessary to estimate and present its economies. The 
following is intended to indicate the general procedure 
and mode of attack to be used in evaluating a proposed 
interconnection. 

Generating Capacity Savings —From the load data 
and operating characteristics of the systems it* will be 
determined that certain capacity savings are to be 
realized by^taking advantage of the various services* 
which have bqen enumerated. For instance the 
availability of emergency service may make it possible 
to reduce the spare capacity from 20 per cent or 25 
per cent to 15 per cent, or from 15 to 10 per cent; or, 
where without interconnection it had been thought 
necessary to have thrfee spare generating units, with ' 
interconnection it may be decided that two units will 
suffice. If there is load diversity in the interconnected 
systems this results in a comparatively definite capacity 
saving. Similarly, .the opportunity for storage power 
transactions yields a determinable capacity saving. 

Capital Cost Saving —After the amount of capacity 
saved has been ascertained the resultant capital cost 
saving must be determined by applying appropriate 



Fig. 1. Daily load cycle 

Daily diversity >* a + b „ 
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Fig, 2. Monthly load cycle Fig. 3. yearly load cycle 

Month diversity ** c + d» Yearly diversity = e + f 
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unit costs to the kilowatts of avoided capacity. If a 
more concrete study is being made, the particular 
y&ar-by-year program of generating station invest- 
merits without interconnection” may be set up and 
compared with the “with interconnection” program. 
Any capital savifigs resulting^ from intra-company use 
of the interconnecting facilities or from firm-power 
transactions'must also be taken into account. The 
total capital cost saving then is compared witji the 
» capital cost of the interconnection. 

Annual Fixed Charges —Avoided investment nat- 
urdllyresults*in a reduction of generating .station fixed* 
charges. On the other hand, fixed charges are in¬ 
curred on the interconnecting facilities. The term 
fixed .charges ordinarily is meant to include the annual 
costs in money, insurance, taxes, retirement expense, 
„and general expense; and in the case of facilities other 
than generating stations, it is sometimes convenient to 
include'pperation and-maintenance expense. Usually 
they are determined and expressed as a percentage of 
capital cost. 

The annual cost of money represents the compensa¬ 
tion which must be given to -capital to attract it to 
industry for the purposes under consideration. In the 
absence of abnormal conditions it is likely to be the 
r prevailing allowable return on public utility property. 
Insurance, it should be remembered, includes not only 
-Premiums paiS for all types of protection but* also the 
cost of any self-insurance. Taxes can be determined 
only after careful consideration of the manner and the 
amount in which they are levied in each particular 
locality. Taxes levied .on the gross receipts of the 
company ordinarily have no effect on interconnection 
economics., The necessity for including income taxes, 
with proper recognition of the effect of borrowed fluids, 
must not be overlooked. Retirement expense should 
be determined on a sinking fund basis using the rate 


« f r f 

9 

' 

#f interest earned on .securities* suitable,for investment 
in trust funds. 'General expense inpludes adminis¬ 
trative salaries, general office expenses, law expenses, 
relief and welfare work, etc. In, some cases it may be 
considered that, general expense will be unaffected'by * 
interconnection. * 

Naturally, no generally applicable fixed charge 
percentages can l?e cited. However,'to indicate the 
tirder of the-fixed charges it may be said that for steam- 
electric generating stations they frequently will be 
about 12 or 13 per cent, and for hydroelectric develop¬ 
ments perhaps 9 per cent or 10 per cent. For steel 
tower transmissiondines fixed charges are affected some¬ 
what by the proportion of the investment in right-of- 
way, but they may be from 12 to 14 per cent with 
operation and maintenance expenses included. Sub¬ 
stations, likewise including operation and maintenance 
expenses, will be somewhat higher; usually between 
14 and 17 per cent. 

Annual Production Expense Savings —After the 
saving in fixed charges has been "determined it remains 
to evaluate the effect of interconnection on generating 
station production expense. This requires, first, deter¬ 
mination of station load schedules with and without 
interconnection and, second, application of the individ¬ 
ual station production expense formulas to the end 
that the changes in the fixed and variable elements of 

production expense be determined. 

The output of each station and the character, of its 
load for most economical conditions with and without 
interconnection may be obtained by resorting to 
integrated duration curves, or duration curves, for the 
loads of the individual systems on one hand and for the 
combined system on the other, on an annual, seasonal, 
or monthly basis, according to the degree of precision 
desired. Due allowance must be made.for the outage 
of generating units for normal and abnormal mainte- 
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nance. It must be remembered, that the interconnec¬ 
tion transactions will be limited by transmission losses, 
the capacity of interstation and interconnection trans¬ 
mission, the necessities of service, protection in local 
areafe, minimum steaming conditions* and the minor 
imperfections of operation and of contracts. 

Before the production expense savings due to inter¬ 
connection can be determined it is necessary to kqpw the 
behavior of production expense as a function of station 
output for each generating station in the interconnected 
systems. For interconnection studies the two-part 
annual production expense formula has been found 
sufficiently accurate and most suitable. Derivation 
and use of this formula have been discussed in “Presi¬ 
dential Address to Junior Engineering Society” by 
Dr. John Hopkinson in Transactions of Junior Engi¬ 
neering Society (British) 1892, and reprinted in Rhte 
Research, v. 2, 1912, p. 23-38; and in “Discussion of 
the Elements Entering Into the Cost of Producing 
Power” by. W. B. Skjnkle in Iron and Steel Engineer ,' 
June 1928, p. 278. Such a two-part formula arises 
from the experience that within a limited range of 
annual capacity factors the production expense is nihde 
up of a fixed element independent of annual output and 
a variable element directly proportional to the number 
of kilowatt-hours generated in the period. 

Obviously the avoidance of generating capacity 
installation accomplishes a reduction in the fixed 
element of production expense. Approximately, and 
frequently with sufficient accuracy in the case of a long¬ 
term study, the saving in fixed element expense is the 
number of kilowatts of avoided capacity resulting from 
the interconnection transactions multiplied by a figure 
(for large steam stations possibly between $3.00 and 
$5.00) representing the fixed, element of production 
expense per kilowatt of avoided capacity. Its effect 
is similar to avoided fixed charges. 

The change in variable element of production expense 
involves only the multiplication of the energy quantities 
determined for each generating station with and with¬ 
out interconnection, by the corresponding increment 
cost per kilowatt-hour from the two-part formula and 
obtaining the difference between the two plans of 
operation. Frequently the net effect of interconnection 
on this item is not a saving, but a decided loss. The 
explanation of course is that the interconnection fore¬ 
stalls installation of modern, highly efficient equipment, 
and increases the duty on older plants having higher 
variable costs. 

Net Savings —Net savings resulting from the inter¬ 
connection are obtained from the combination Of net 
fixed charge savings and net production expense sayings, 
which may well be presented by means of a tabulation 
showing the amount* of these savings for each year 
studied. . 

No attempt has been made here to show how savings 
may be divided between the interconnecting parties) 
since this is p» matter for agreement between thenn 


Nevertheless, it is a factor which may affect some of the 
items of evaluation, and "certainly requires • careful 
•recognition,of the equities for each particular class*of 
interconnection service in the agreements relating to 
the project * * 
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By 

G. M. KEENAN 

Fellow A.I.E.E. 


Pa. - N. J. Intercon¬ 
nection, hazlojrm, Pa. 


* Synchronized electric supply sys¬ 
tems function as a unit, all the component parts 
responding to variations in the load demand. Under 
tlie interest of single ownership this inherent unit 
characteristic naturally was recognized but through the 
screen 6f diverse interests of multiple 1 ' ownerships in 
interconnection is not so clearly apparent. If the best 
economic results are to be obtained the development 
and operation of each part must be related to the 
development and operation of „the whole unit. 

How much coordination is required? Some believe 
that all the benefits ©f interconnection can be obtained 
only by developing and operating the system just as 
though it were all owned by one company. The trend 
in that direction is inevitable and the individual 
company's interests need not be submerged by such a 
procedure. Others believe all the practical benefits 
may be obtained with much less coordination; that 
continuing interconnection over greater and greater 
areas so complicates complete coordinating arrange¬ 
ments that they become economically unjustifiable, 
and that better results will be obtained by maintaining 
stronger company individuality. It generally is agreed, 
however, that there must be at least sufficient coordina¬ 
tion to care for equities in established contracts and to 
avoid penalizing any of the participating companies. 

Development of Interconnections 

Coordination in development of the interconnected 
system usually requires cooperative planning of generat¬ 
ing capacity, interconnected transmission, border line 
service to customers, and system operating facilities. 
The intention is to provide the economically right 

Based upon "Interconnection Development and Operation" (No. 31 -119) 
presented at the A.I.E.E; summer conventions Asheville, N. 0., June 
22-26,193V ./ ' V'v : 
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electric supply system for the lead areas served while 
' so arrai^ing the business relations between the owner- 
c shfps as to share equitably the benefits between the 
customers and stockholders of the properties involved. 

Generating capacity must be distributed economi¬ 
cally among the various types r of steam and hydroelec¬ 
tric stations strategically located in relation to the 
load requirements and properly correlated * for the 
absorption .of all available by-product power from 
irrigation, navigation, flood control, water supply and 
' industrial development. There is no difference be- 
r twefin this problem and that of a system, under one 
ownership, except in the breadth of its scope and 
possibilities. - 

The* interconnecting transmission system should be 
developed cooperatively to assure the economical 
utilization <5f the generating capacity and the reliable 
supply of electric service to load areas with sufficient 
operating flexibility in* the system design to pe rmi t 
prompt resynchronizing when portions have been 
separated from the main system. The tendency is to 
increase transmission costs, and special effort is re- 
r quired to maintain the proper economic balaifce. 
Performance of interconnected loops is demanding' 
iiiore and more attention. Short-circuit current, sta- 

* bility, voltage regulation, and power flow in closed 
loops must, be analyzed, and if necessary controlled 
by special equipment. 

Service should be supplied border line customers in 
the most economical manner regardless of ownership, 
and the proper equities worked out between companies. 

* 

Planning of Operation 

A 

Cooperative' planning of system operating facilities 
is essential as a result of the unit characteristics of the 
interconnected system. The men directing the opera¬ 
tion must be provided with adequate facilities to show 
what is going on, to determine how the performance 

• should be properly correlated and readjusted, and to 
take the necessary action to accomplish the results 
required. The objective in the operation of electric 
supply systems is to produce most economically the 
most reliable service possible with the system provided; 
at the same time, maintenance must be accomp lish ed 
efficiently. The coordination of all operating and 
maintenance personnel mid operating equipment on the 
system to bring about this objective requires careful 
planning and execution. 

Interconnected system operation differs from system 
operation under single ownership only in the method 
by which the objective is accomplished and in the 
necessity of properly caring for the equities resulting 
from differences in ownership. Some interconnected 
systems have gone to centralized control just as have 
w corresponding systems under one management. 
Planning with centralized control requires assembling 
yearly, monthly, and weekly load and maint enance 
forecasts for the various systems in the interconnection, 


* 

and consolidating then?, into one* interconnected system 
forecast.. Operating schedules are prepared, based on 
r these predictions and with a complete knowledge of 
characteristics and costs of all fueJ generating stations, 
as well as quantity and limitations of available hydro- 
electricoand by-product power. ' 

On interconnected systems where centralized direc¬ 
tion has not been established each company carries 
through its own planning and then checks with adjoin¬ 
ing companies. Knowing the costs of the blocks of 
generation above and below that sufficient to carry its 
own load, each company determines with its neighbor 
where load and reserve can be placed for greatest 
economy. 

Execution of Operating Plan 

An interconnected-system operator coordinates the 
performance of the individual companies in the execu¬ 
tion of the operating plan where centralized direction 
is provided on the interconnection. The various 
company system operators do not report to the inter¬ 
connected-system operator any more than a switch¬ 
board operator reports to a local system operator. 
Only such coordinating directions are given and received 
as are required to produce dependable, economical, 
unified operation; in neither case is there any need for 
loss of individual initiative or responsibility. The 
function of the interconnected-system operator in some 
cases is assigned by mutual consent of the companies 
involved to some one company system operator. 

The interconnected-system operator keeps in touch 
with the demands made upon the system and the 
performance of the personnel and equipment in meeting 
those demands. His course is charted by the schedule 
of operation which has&een prepared. r He compares 
the demands which have developed with those pre¬ 
dicted, and from his thorough knowledge of all elements 
of the system, adjusts the performance of equipment 
and personnel .to compensate most economically and 
effectively for deviations r of the actual from the 
scheduled demands. 

. Emails of directing are so numerous that it is essen¬ 
tial to develop a method of procedure which delegates 
as far down the line as possible, the detailed observa¬ 
tion of indications and responsibilities for comp ensatin g 
adjustments. Direction is superposed only where co¬ 
ordination between the operating points r is necessary. 
Every switchman, substation operator, and generating 
station operator usually is allowed to do all he cap 
without coordinating direction from the local system 
operator of his area who, in turn, handles all he possibly 
can without coordinating direction from his company 
system operator. Methods of procedure and standard 

through written operating 
instructions reducing to a minimum the number of 
directions necessary for either emergency or normal 

operation. Complete and thorough training of all the 
operating personnel is essential to be sure* that everyone 

Electrical Engineering , 
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can be counted upon to respond ^as promptly as possir 
ble, and thus harmonize action ©vdf large areas even 
though the individuals do not know just what is 
being done simultanepusly by other individuals. 

When such a system is well established with well 
traihed personnel, lightning storms and similar, emer¬ 
gencies are handled satisfactorily without any one 
person knowing-all.that is taking place; in fact often it 
becomes necessary to spenql some little time on assem a 
bled records after the emergency is over in order to 
determine what actually happened and whether or not 
individual equipment and personnel have functioned 
properly. » 

Most existing interconnections have no centralized 
direction. The system operators of ^adjoining com¬ 
panies coordinate the performance of their companies 
and by such action, progressing through the inter¬ 
connected group, produce unified operation. In exactly 
the same manner, many companies have handled their 
own'operation between the switchboard operators at 
two or three generating stations before justifying sys¬ 
tem operators. The effectiveness of the de-centralized 
method is increased by occasional meetings of those 
directing operation of the individual companies where 
operating problems and practises may be reviewed and 
a mutual agreement reached on methods of procedure. 

In a closed loop interconnection without phase 
shifting transformers or other such equipment, it is 
impossible to direct the power flow. Adjustments can 
be made only for the individual company's conditions 
by so regulating that company's generation as to pro¬ 
duce the net power flow desired. As yet no satisfactory 
method of accounting for Equities in interconnected 
loop operation between several companies has been 
developed. 

Little attention is paid to fhfe power flow on tie lines 
in a system under one ownership until there is danger 
of reaching some physical limitation on the circuit. 
Power flow on tie lines between different ownerships 
.in interconnection, however, becomes one of the bases 
on which money is exchanged; therefore it becomes a 
part of execution of the operating plan to sort out, 
classify, and account for'the different classes of power 
flowing. Unless care is exercised in establishing 
principles not only in operation but in the contracts, 
this work is likely to become excessively complicated. 

As long as the properties are synchronized so-called 
incidental or uncontrollable power will flow across the 
interconnection even though no power flow is scheduled. 
If is necessary therefore to have an incidental rate 
which will encourage complete utilization of the in¬ 
stantaneous diversity without penalizing anyone. " 

An encouraging emergency rate is necessary which 
will induce everyone to rely upon the interconnection 
reserve but which will at the same time adequately 
compensate those properties producing the power in 
emergency. The rate used for a sustained emergency 
must compensate the property supplying the capacity 
and yet not penalize too severely the companies using 
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the capacity, unless themecessity for this use has arisen 
from negfigence in maintenance, poor pl anning , and 
.development or wilful leaning to prevent investment 
in capacity.' 

In intercormection as in democratic government? tjie’ 
total benefits to be shared are in propbrtion to the total 
participation; and the ’ regulation, imposed ’on the 
individual participant should be the m ini rhum which is 
necessary to make the benefits proportionally available 
to all* 
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Interconnection in the ’ 
New England District •' 


<* By 

E. W. DILLARD 

Member A.I.E.E. 

\Y/ D DCI I Both, of 9 

W. R. BcLL New England Po’fter Engg. & 

Associate A.I.E.E. Service Oorp., Boston, Mass. 


Comprehensive interconnection of 

power generating sources hag developed in New En¬ 
gland largely because of the high load density and the 
economical combination of hydroelectric and steam- 
electric sources which have existed in this territory. 
The first ties were made somewhat prior to 1917 and 
were used to obtain steam relay power for hydroelectric 
developments, and to provide a market for surplus 
energy generated by water power. More recent ties 
have been made to permit also the absorption of large 
quantities of surplus steam-electric power from high 
grade steam plants and to pool resources by the .sale of 
firm capacity in order that economical construction 
schedules might be obtained. * 

Benefits Derived 

Interconnected companies not under a common 
financial control have not availed themselves of peak 
diversity to save capacity installation; each company 
has assumed responsibility for its own primary* load. 
Although 5 per cent diversity amounting to say 50,000 
kw. exists, this is utilized as a worthwhile safety factor, 
and the systems therefore are continually tied together 
even though kilowatthours are not exchanged. Between 
certain of the cominonly owned groups, a larger di- 

Based upon “InterConnbcttbn—New England District” (No. 31-107) 
presented at the A.I.B.E. summer convention, Asheville, N. C., June 
22-20,1931* 
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Fig. 7. New England interconnection 
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versity on the order of 7 per cent isutilized ataconsider- 
able saving. This diversity exists because of peaks 
occurring on different days of the week. On the inter- 
connected system there is no large diversity due to 
differences in time. 

I^p^cul^ advantage is taken of reserve diversity. 
Individual companies usually carry spare capacity equal 
; ta that of the largest unit; interconnected systems usu¬ 
ally cafry about 10 per cent of their operating units as 
spare capacity. In general, it has been demonstrated 
«iat the loss of from 25,000 to 50,000 kw. on the system 

results m less than a 1/10-cycle drop in frequency. 

Interconnected companies generally, as a matter of 
insurance, wish to keep tie lines closed as much as pos- 
sible. There have been numerous instances in which tie 
have been valuable for emergency interchange 
upon the occurrence of apparatus failure, operating 
mistakes, and the like. Excellent relations exist be- 
|ween interconnected companies in such matters, and 
there have been but very few cases in which special 

charges were made for such services. 

^ Low water is not classified as an emergency condition 
hecause aU the major connected systems have water 
pqw:er sufficiently relayed with steam or purchased 
power * During-various periods of fuel shortage, the 
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bjew England power system, w#h the' exception of the 
winter* of 1917-1918,. has been fortunate enough to 
. obtain sufficient fuel for its own plants" It has taken 
advantage of interconnection by arranging to supply 
fuel to interconnected steam plahts, in return receiving 
power at prearranged prices. 

The use of interconnected lines for economy flow has 
shown large financial returns, and now, when surplus 
hydro power or eeohomical steam is available, there is no 
operation of uneconomical plants excepting in some 
special cases where for special reasons there is a need 
of local generation. Almost all companies purchase 
power when it is tq be had for less than local generat¬ 
ing costs. The savings from major operations of this 
sort usually are split equally between the companies 
participating. r , 

Contract Relations 

Usually no contracts are drawn for other 'than the 
purchase of firm capacity, and each company builds the 
portion of interconnecting lines in its own territory. 
The interconnected companies of comparable size have 
established a definite system whereby, based on cost 
differentials and demands, the generating costs of con¬ 
nected plants can be determined, and interchanges are 
worked out: daily. Under these exchanges there is no 
guarantee of service but when economic conditions 
shift unexpectedly it is customary for each company to 
continue its schedule until, with mutual understanding, 
adjustments can be made. It is customary also for all 
companies to assist each other in emergencies. 

Plans for interchange usually are made daily, in 
advance so that definite schedules can be arranged late 
m the afternoon for the following day. The New 
England power system dispatcher is in touch with the 
dispatchers of the adjacent systems and determines 
the quantities of power which can be furnished or 
absorbed. These compared with his own sources and . 
costs readily determine the economical set-up for the 
day, and schedules are arranged, 

' ' *. * \ • . • * • . ' • ' * ' 

v Disadvantages and Difficulties 


O ne of tlie major difficulties that has arisen with 
interconnections lies in the inability to exchange an 
exact predetermined amount of power with a number 
of systems at the same time. Careful regulation of 
speed is of prime importance in this problem. Inter¬ 
change has been controlled reasonably well by allowing 
one system to assume responsibility for speed control, 
each of the other systems taking care of the exchange 
oyer interconnections. Considerable work has been 
done in developing automatic frequency, control appara¬ 
tus winch can hold speed much closer than the usual 
type of steam or hydraulic governor. This method of 
operation has a further adyantage in the maintenance 
of more exact time for electric clbcl^. 
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Joint Planning 5f Construction , 

The New England power system has had the good 
fortune, to have many alternatives in planning addi¬ 
tional sources of poVer. There have been possible 
water-power developments of various'types as well as 
a variety of methods of extending steam generating 
facilities. The development at Fifteen Mile Falls was 
of such size that it could not be justified yrithotft vari¬ 
ous interconnections to assist in its absorption. Its 
character is such as to make it a desirable adjunct to 
any system depending entirely on steam, and this made 
it possible to sell a large block of power to the Edison 
Electric Illuminating Company of Boston. 

The New England power system load has grown to 
such a size* that the capacity and power requirements 
for growth should not be studied as a whole but should 
be divided into three major classes: (1) base load; (2) 
power or day load of 2,000 hrs. per year; (3) peak and 
spare capacity. These various classes of load grow 
about equally on a percentage basis, but the short-hour 
or peak type of load grows far faster on a quantitative 
basis. Additional requirements of base steam of,the 
best grade grow slowly, and if this type of plant is in¬ 
creased too far in advance of requirements, it crowds 
into short-hour use expensive plants designed for better 
load factor. For the second class, the day load or 
2,000-hr. power, it is apparent that plant capacity 
should be secured for a lesser first cost than for class 
one. *A few hydro possibilities are peculiarly suited to 
this service. If the hydroelectric plant site affords 
sufficient storage, permits the power house to be close 
to the dam, and does not restrict its size, the increment 
first cost of unusual capacity may be favorable. These 
conditions existed at the Fifteen Mile Falls develop¬ 
ment. The water available;at this plant, though 
sufficient to operate at full capacity but 2,000 hours per 
year, can be used when it is most valuable, and involves 
a negligible operating cost for additional capacity. 

The third requirement of the systems is a capacity 
suitable for meeting annual.peaks and carrying through 
the year and during the peak period day-to-day spare. 
The necessity of this sort* of facility has been well illus¬ 
trated by the development of the Rocky River pumping 
plant of the Connecticut Light & Power Company. 
The Fifteen Mile Falls plant also is well adapted to 
supply this type of power. While the older and rather 
uneconomicaf steam plants also are suited to this type 
of service, the cost of being ready to serve for peaks 
and spare is higher than that of suitable hydro plants. 
The Fifteen Mile Falls type of plant will confine their 
use for this purpose to a very small part of the year. 

Interconnection has made possible therefore a large 
development of power of decidedly the type needed on 
the New England system and which also fitted well 
into the Edison system but not feasible of development 
without a very large or interconnected system. It has 
made the entire output of this development more 
immediately useful and has put off the construction of 


further base load steam capacity, which in turn will be 
desirable of construction iff large blocks or more eco- 
, nomical absorption later in the combined New England 
systems. 

« * m 

Features of Design 
■» * 

Automatic frequency control apparatus has been 
installed at three hydroelectric plants on the New 
England power system in order that it nihy be possible 
diming a great many hours of the year to have at least 
" one of the plants in position to handle jfche burden of 
speed control. Different operating periods for run-of- 
river plants and storage plants require that automatic 
frequency control apparatus be installed in’ both types 
of stations to insure automatic speed regulation’being 
available practically at all times without departing 
materially from the normal economic schedule of opera* 
tion. It has been found that a frequency deviation of 
not more than 1/20 of a cycle from normal approaches 
the best possible conditions for load interchange. 

The increasing interconnection of transmission lines, 
together with the increased use and reliance upon elec¬ 
tric power, is necessitating always greater reliability and 
freedom from disturbances. In New England, dis¬ 
turbances originating from lightning present the most 
formidable problem in transmission line operation. 
Where justified economically, transmission lines in this 
district are being built with unusually short spacing of 
supporting structures to secure a low average height 
above ground; and overhead ground wires usually are 
provided. Horizontal construction with single circuit 
towers and two overhead ground wires are being used 
generally on all major lines. "The natural condition of 
high footing resistance that obtains throughout New 
England has been overcome partially by steel grillages 
for tower footings. Considerable betterment in the 
performance of transmission lines has been secured by 
increased insulation and proper line location. Sleet is 
another formidable foe, and attempt is being made to 
design major lines to operate through the worst sleet 
conditions with not more serious troubles than broken 
conductors. Vertically spaced line designs generally 
Have been abandoned. Considerable use has been made 
of sleet thawing. 

As the result of high speed oil circuit breakers and 
high speed relays now being installed a considerable 
improvement in operating conditions is expected. 
The Fifteen Mile Falls development was equipped with 
220-kv. circuit breakers having an over-all relay and 
circuit breaker operating time of the order of eightcycles 
(0.13 sec.) and it is hoped to secure similar characteris¬ 
tics in breakers purchased in the future for the lower 
voltage developments. Tests on the 220-kv. breakers, 
some of which were taken under actual operating condi¬ 
tions, showed the removal of short circuits in quite a 
spectacular fashion, with only very small voltage 
disturbances and a remarkable lack of damage at the 
point of Application of the short circuit. Considerable 
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increase in synchronizing power during the short circuits 

also was secured. • • 

•Expedience with this system indicates that the 
economical application of a high voltage interconnection 
•necessitates such power factor correction* as to insure 
the operation of.the high voltage lines at practically 
unity power factor. Interconhected lines must operate 
also at a somewhat less drop in potential *to avoid 
voltage variation when the point of feed is shifted on the 
system. Approximately 180,000 kva. of synchronous 
condenser capacity is in operation on the New England 
power .system, aijd has proved justified on the basis of. 
economy of transmission and voltage control. On the 
New-England system there has been no occasion up to 
the present time that has necessitated the use of load 
ratio hoiftrol for shifting load dr balancing power be¬ 
tween parallel circuits. No-load tap shifting devices 
•have a widespread use on this system; their operation 
has beep so successful that the New England compa¬ 
nies were among the first to standardize upon exter- # 
nal tap shifting devices for practically all important 
transformers. 


c i about 9,0<J0',000 including 300 cities and towns of 
all classes. An estimate of the peak load of this group 
for 1930‘occurring in December between 9 and 11 a.m. 
is 1,750,000 kw.; the annual load factor is about 70 
per cent. * 
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Contractual Relations 
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EN INDEPENDENT operating com¬ 
panies of western Pennsylvania, eastern Ohio, West 
Virginia, and Maryland operate normally in parallel 
to secure the manifold advantages of the interconnection 
of their facilities. Each of the systems has had its 
own romantic growth from the small local generating 
plant, to the highly developed load area with its network 
of power lines furnished by modem power stations. 
It was proper then that these independent neighboring 
companies should cooperate to realize the benefits of 
interconnection. These benefits now are being secured, 
the common understanding of every day problems of 
parallel operations being secured through the working 
•committee of operating men from each of the ten 
individual systems. 

The territory served by the ten operating companies 
constituting this interconnected system has an approxi¬ 
mate total area of 101,000 sq. miles, and a population 

“ The Pennfi y 1 ^ a -OMo-West Virginia Interconnection” 


. Reliability of service, capital investment economy, 
operating economy, and the" stabilization of frequency, 
voltage, or reactive kilovoltampere conditions on trans¬ 
mission systems, are all represented on the contrac¬ 
tual relations of w these interconnected companies. 
Neighboring companies first contacted on the frontiers 
of their respective systems for the mutual protection of 
those districts having only one source of power. Ever 
sipce 1916 capital investment economies have been 
secured on these systems by the use of short-time 
contracts for the purpose of dovetailing the steps in 
power station building programs. In this manner, the 
economic waste that goes witk building generating 
stations too far in advance of the individual system load 
ha§ been eliminated by staggering construction between 
independent companies. 

An example of the combined financing of power 
stations exists in the Windsor power station owned 
jointly by. the Ohio Power Company and the West 
Penn Power Company. This station built jointly in 
1917 produced all the major benefits of the intercon¬ 
nection of generating facilities as well as many' other 
operating and investment economies. Combined financ¬ 
ing of transmission lines also has been secured between 
the Associated Gas and - Electric Company and the 
West Penn Power Company by working out a program 
whereby each company constructed sections of high 
voltage transmission line serving its own system and 
then tying in with other sections owned jointly by these 
companies. Five years of perfect cooperation have 
been the result of this unique arrangement. 

A strong transmission backbone now exists through¬ 
out the ten interconnected companies, and the whole 
system is a fine example of how planning and operation 
can be accomplished safely with a much lower percent¬ 
age in .spare generating capacity than is possible with¬ 
out such interconnection. The reserve capacities are 
so distributed that vjhat any one system will be called 
upon to furnish represents in many cases only the 
overload capacities of the machines in usual operation. 
Another factor, the protection of servicp based upon 
mutual assistance when necessary, is commercially the 
most important of all the possibilities of interconnection. 

^57” mstai ? ces of emergency have proved the benefit 
of this form of protection. 

• • \ . . i • ‘ 

Operating Benefits 

The study of the problem of reduction in spare 
generating capacity on this interconected transmission 
system, has resolved itself into two phases; one, the 
• • * 

Electrical Engineering 


utilization of the operating.or spinning reserve capacity 
of the generating units, and the'otljer, the coordinatibn 
of the operation of the reserve capacity between these 
various companies so as to carry the required spinning 
reserve in the most economical manner. The resultant 
diversity by combining spinning reserve capacities 
makes possible a decrease in the total reserve Capacity 
in service without the loss of reliability, and the proper 
proportioning of the spinning reserve capacity between 
the component parts of the system materially decreases 
the amount carried on any one system. On this inter¬ 
connected system it is believed that the spinning reserve, 
carried by any one company should be 10 per cent of 
the load carried by a steam station and 5 per cent of 
the load carried by a hydro station. When any one 
company generates more than 20 per cent of its load 
on any one steam unit, it should carry as its portion a 
spinning reserve equivalent to 50 per cent of the load 
on this unit. Each of the two metropolitan systems 
serying Cleveland and Pittsburgh with their adjacent 
territories carries its; own reserve, equal to the largest 
unit on its system. These urban systems follow the 
practise of holding this reserve only in the overload and 
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less efficient capacities of the generating equipment ac¬ 
tually in-operation. 

Windsor station, being the central point of the inter- ' 
connected system, acts under supervision of the worlang - 
committee as a clearing house for all data on easting 
reserve (capacity. Any changes in spinning reserve 
capacity desired by one of'the companies are trans¬ 
mitted to the Windsor dispatcher: In, no case is the 
spinning reserve deficient for more than two hours. 

If an accumulation of circumstances causes the required 
spinning reserve to be decreased-by more than 25 per" 
cent, the Windsor dispatcher at once has a check made 
of all possible"reserve, and if the acttfal spinning reserve „ 
Is not equal to at least 7% per cent of the then total 
system peak, he requests that additional, capacity be 
placed in service at the most convenient location as' 
soon as possible. Through the proper use of this 
reserve generating capacity the interconnection hae 
wrought such wonders that the public is often unaware 
that trouble has ever occurred.' „ 

The tying together of small■> communities within Tbhe 
same system commonly results in a large saving due to 
load diversity; however, it has been found that the 



Fig. 8. Transmission 
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vania-Ohio-West Vir¬ 
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mtercOmfectibn of larg# systems does not produce ffhis 
same diversity saving. A typical case is that of the 
western .part of the interconnected system on which 
Wifh a system peak of 490,000 kw., the diversity between 
tue tour individual systems was only 15,000 kw. or 3 
percent. • 

. T J ie ejected djvfirsity ‘between industrial and light- 
mg loads cannot always be secured, as there are times 
when the evening peak of the groups serving essentially 
industrial systems approaches within 8 per cent of the 



fig. 9. View of switchboard room and loaS dis¬ 
patcher’s headquarters at Windsor station 

morning peak. Also, the. low water conditions pre- 
filing since November 1929 create an evening peak for 

'lMdltaSf hf*? 0 ” 8 - The diversity in the industrial 
toad itself has increased noticeably during the last two 

or three years, no doubt due to the use of off-peak 

pnwer by many industries. The difference in time 

i betwe f l se ? bons ot the interconnected system is 
scarcely noticeable in the group as a whole. 

Stability 

-Installation of the 132-kv. transmission backbone 
md.cme m_the selection of characteristics of equipment 
at the terminals, have caused instability to be no longer 
&e senous problem that existed witi, earlier iX 
connections. As Windsor is the center of aU inte- 
; >gmected operations, so is this station the center of the 
few*; The generators at Windsor axe of 

SS " * lo * m “ |m “ 

affS bv Th6Se “ achines not much 

load changes and are inherently stable 

2“ voltage regulators at Windsor are of the Tirrfl 

T W e f dt ® *** connected to its generate 
From the standpoint of stability this aria*Etof 


exciters is satisfactory, since steam units do not over- 
sjfeed .to any greaj extent. The voltage regulators 
operate m parallel through the usual'compensating 
coils which force a correct sharing of the reactive kilo¬ 
voltamperes. Automatic frequency control normally 
operates upon three units. 

Throughout its history the Windsor station has stood 
•fA 1 ? . a pnist the many momentary surges trans¬ 
mitted,to it from the east or the west. It has handled 

rapid load changes on the order of 
50,000 to 90,000 kw. The problem of stability on each 
• sy ^ em ls mainly staying in synchronism with Windsor. 

• k + °{ Windsor station a ma in transmission 
line extends 41 miles to Charleroi substation, from which 

a main transmission line extends south to the Lake 
Lynn hydroelectric station, and north to the^pringdale 
steam-electnc station. Most of the eastern parts of the 
interconnected system, are tied in at these two last 
named stations. The synchronizing power of the 
mes between Windsor and Springdale, and between 
Windsor and Lake Lynn, is 500,000 kw., which is 
ample to hold these stations together. The generating 

units at Lake Lynn and Springdale have a low'short- 
. circuit ratio. 

An unusual situation exists between two of the sys¬ 
tems which are so tied together through autotrans¬ 
formers with dead-grounded neutral that either system 
may receive ground fault disturbances from the other. 
However, so far no difficulty has been encountered from 
these connections. 

The most vulnerable point of this eastern system is 
near the Springdale station where there is a short-circuit 
capacity of 1,200,000 kva. . Calculations indSte Xt 
a three-pbase short-circuit fault must be isolated within 
16 cycles or the units are likely to go out of step. A 
severe case of dynamic instability on the occurrence of 
a fault on both of the twd 132-kv. lines near Springdale 

w ed i enerators to tri P out on overspeed. Fol- 
owing this the excess voltage protective devices of the 
voltage regulators at Springdale were removed from 
service, and the Subsequent occurrence of a more severe 
ste circuit caused no generators to be tripped out of 

In several instances the high power factor and low 

?hT^ r | ° rt ; Cir '? Uit rati ° S at S P™£ dale have caused 
° perat ° rS . t0 f la c e a leading power factor upon a 

fT ng . l0 ? d Shifting ’ with the resu l t that the 
service* & ° Ut ° f step ' without however interrupting 

mter c°nnected systems to the west'of Windsor 

TfuT eW ^‘ m0re ^nsive and complex; 
catain. of the lines form a 260-mile high voltage trans¬ 
mission ring involving five power companies with a total 
generator capacity of nearly 1,250,000 kw. Occasional 

strated the ^flexibility of interchange control, and 
therefore the loop is .left open. Comparatively few 

thT* 5 f StatlC has been reported on any of 

the interconnected systems. ^ y 
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The regulation of the flow of reactive power and the 
distribution among generating finite is not a problem 
on this interccfnnected system. This is> due largely to 
the high power factor maintained on lines and generat- 
inj* stations, made pdssible by the character of the load 
and the synchronous condenser capacity located at the 
transmission substations. On the systems of the West 
Penn Power Company and the Ohio Power Company 
alone there is synchronous condenser equipment total¬ 
ing 172,500 kva. not including the generating units at 
hydroelectric stations which may be operating with 
low gate opening. The voltage of the generating units , 
at the principal power stations is held practically flat, 
there being not more than a 3 per cent variation between 
light and heavy load. Load ratio control equipment is 

used to a limited extent to give control of the reactive 
current. 


Forecasting’ Population 

for Engineering Purposes 

** \ 

•a p 

* Population forecasts, when carefully and 

j intelligently made, serve a valuable purpose 
in helping to direct the employment of 
labor and capital to places or projects where * 
they are most needed. Such forecasts 
cannot be based on formulas, but require 
careful weighing^ of many related factors. 


Frequency and Power Flow Control 

Close regulation of 4he load among the interconnected 
systems of this group and among the individual power 
stations of each system has been a most difficult prob¬ 
lem. It has been necessary for the working committee 
to hold many meetings to analyze these problems and 
determine a common basis for action. These meetings 
iutve been followed by continual educational work 
among the load dispatchers and switchboard operators 
until satisfactory operation has been accomplished. 

Early in 1929 the working committee decided that 
Windsor station with six 30,000-kw. generators be 
assigned the task of holding a deviation from 60-cycle 
frequency of less than 1/20 cycle. As no automatic 
frequency control equipment had been installed, one 
operator on each shift was assigned to the duty of 
holding steady frequency by .adjustment of the six 
governors. Operators in the other stations were 
instructed to disregard frequency entirely and concen¬ 
trate on maintaining a dose adjustment of tie-line load. 
The success of this new scheme of operation is indicated 
by the fact that whereas it Jiad been the* usual practise 
to adjust tie-line loads three or four times an hour, three 
or four times a morning*, afternoon, or evening then 
sufficed. 

* 

In 1930 automatic frequency control equipment with 
an adjustment range of 0.25 cydes plus or minus was 
installed. Although arranged to control all six genera¬ 
tors, it was found that with normal operation three or 
four generators were adequate to hold the system 
frequency to within 1/40 cycle of 60 cycles. 

‘After a year’s study of frequency regulation by 
Windsor station only, it was found that the only real 
difficulty of this scheme of regulation occurred at the 
periods of day when the load was shifting rapidly as 
at 7 a.m., the noon* hour, and 6 p.m. Additional 
automatic frequency control equipment is now being 
experimented with at other stations. Preliminary 
tests would indicate that the objective ha& been 
achieved. 

. • •• ' • -wv~ 
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r NGINEERS and persons responsible 
for the management of engineering projects have a 
common interest in problems of forecasting population 
growth and market demands. The soundness of engi¬ 
neering .projects depends upon their capacity to fulfil 
a real demand ,v unsoundness or even failure may 
result from planning and designing engineering projects 
without regard to industrial and population trends. 
Similarly, city planning, housing and home building 
projects, and educational and" social programs of vari¬ 
ous kinds ordinarily should be based upon the number 
of people to be served at some future date and their 
economic and social characteristics. ‘ . 

Within the Bell System the careful study of factors 
influencing the growth, distribution, and character of 
the population is regarded as essential to the intelligent 
planning of the telephone business. Engineers are 
provided with forecasts of the probable telephone ser¬ 
vice requirements at periods ranging from five to 
twenty-five years into the future; on the basis of these 
and other pertinent factors, the initial and ultimate 
size of buildings, switchboards, underground cables^ 
and the pole lines and aerial cables are determined. In 
planning for the future, the central aim of the telephone 
company is to supply the right amount of facilities in 
the right place. Manifestly this cannot be done except 
when based upon dependable forecasts of population 
and its distribution. 

Several mathematical formulas have been devised oh 
the assumption that future population can be deter¬ 
mined from past trends by the mere application of 
figures in the formula. It is believed, however, that 
such formulas ifiace too much emphasis upon past 

Based upon "Forecasting Population for Engineering Purposes" (No 
31-138) presented at the A.I.E.B5. South West District meeting. Kansa^ 
Oity, Mo., October 22-24,1931. 
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trends, ignoring the fact that new influences are always 
, appearing and that old influences are frequentfy ceasing 

• to-be of Importance. 

Cities and regions grow not from mere* wishing or 
•boosting, but usually because of definite geographic and 
economic advantages which enable them ifo develop 
population supporting activities in competition with 
other localities. Forecasts are apt to miss the mark 
rather widely if the forecaster has only a local points 

• view. A national outlook eliminates the optimism 
based upon the pride of those bom or residing in Ihe 
particular locality for which the forecasts are being, 
made, and the conclusions reached by a btfoad point of 
view‘undoubtedly are much more likely to be realized. 

POPtlL^TION OF THE UNITED ‘STATES AS A WHOLE 

Because communities are competing with each other, 
population forecasts for states and for individual cities 
should be made with due regard to population trends 
of the country as a whole. Some of the facts and 
tendencies that have a definite bearing upon the popu- 
lation growth of the United States may be summarized 
briefly as follows. 

The United States is almost certain to continue a 

• restrictive immigration policy for many years to come. 
Until thfi last decade, immigration contributed heavily 
to our population growth. This is clearly evident from 
the 1930 census figures which showed that fqreign-bom 
whites and their children constituted 31JL per cent of the 
country’s total population. In the future, population 
increases must depend more and more upon the excess 
of births over deaths. 

The birth rate in the? United States has been de¬ 
clining gradually for several years, due to such factors 
as generally higher living standards, smaller living 
quarters, marriages in which both husband and wife are 
breadwinners, the tightening of immigration restrictions 
against the prolific races, and finally wider knowledge 
• and utilization of birth control information. Although 
there have been reductions in infant mortality, the 
effect has not been sufficient to prevent a decline in the 
rate of natural increase. For example, in 1910 the birth 
rate was about 30 per 1,000 population and the death 
rate was 15, while at present the birth rate is very close 
to 19 and the death rate about 12. Thus, in twenty 
years the margin which represents natural increase in 
population has decreased from 15 per 1,000 to 7. 

The number of people in continental United States 
in the last forty-year period together with increases in 
each ten-year period is indicated in Table I. * 

The gain during the 1920-1930 decade exceeds by 
more than one million the largest previous gain, that 
occurring in the period 1900-1910, and it is 3.3 million 
in excess of the growth realized in the decade just pre¬ 
ceding, that is, from 1910 to 1920, when the net immi¬ 
gration was 25 per cent greater and the rate of natural 
increase some 10 per cent higher. A partial explanation 
; of this- seeming inconsistency is in the probable greater 
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efficiency witfi which the 1930 count of inhabitants was 
made.* Furthermore,/'the period of counting for the 
1910-1920 decade was some six months shorter than 
that of the 1920-1930 decade. It seems evident that 
the natural rate of population growth has been stegdjly 
slowing down, and that the same general tendencies 
will prevail over the next twenty years. 

. • Trend *from Country $o City 

f 

Now the slackening in the rate of population growth 
for the country as a whole naturally will be reflected in 
the population increase to be divided among urban 
and rural communities. Unless a community is 
relatively better situated than in the past, it cannot 
expect to mairftain its past rate of growth. This is 
emphasized by the increasing mobility of the American 
people who always have been peculiarly ready to 
move in response to economic activity. The develop¬ 
ment of improved means of communication. and 
transportation and the rapid spread of comparative 
information have accentuated this mobility. Thus 
the real advantages or disadvantages of communities 
are likely to play a more important role than heretofore 
in determining their relative capacities to attract or 
to hold a population. 

Urban pppulation has been increasing at a far higher 
rate than rural population. During the past decade 
the increase in the rural population was 2.4 millions as 
against 14.6 millions for the urban centers. Whereas 
the 1900 census reported only 40 per cent of the popula¬ 
tion as urban, the corresponding figure in 1930 was 56.2 
per cent. This tendency is related intimately to funda¬ 
mental economic changes, including the capacity of the 
farms to maintain a rapidly increasing urban population, 
and the transfer to the cities of many labors that formerly 
were a part of farm work. Contributing factors lie 
in the tendency of our export trade to shift from raw 
materials to manufactured commodities, the increasing 
per capita demand for these products in this country as 
a result of the rising standard of living (a tendency that 
is temporarily obscured by the present general business 
depression). Further contributing facts are in the addi¬ 
tional .opportunities for untrained workers in the cities 
brought about by both the decrease in foreign labor 
supply after the drastic restrictions on immigration 
went into effect and by the unusual growth in the service 
•industries. . 

r Further scrutiny of the census figures indicates that 
m general the larger cities in the country are growing 
more rapidly than the smaller cities. Between 1920 
.and 1930 the total growth of the ten largest cities in the 
United States, including their suburban territories, 
.accounted for approximately 40 per cent of the total 
population increase of the country. The entire group of 
cities of over 10,000 population obtained 68 per cent of 
the country’s total increase; and if the suburban areas 
of cities of over 50,000 population were included, the 
proportion would be raised to 86 per cent. Not only 
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has urban population^been increasing‘at a far higher 
rate than the rural population^, but the tendency is 
one that probhbly will continue into the future. 


I 


* • • 
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Table I—Continental United States 


Forecasting'Population op a State 


■I 

A series of economic surveys was made by the 
Southern Bell Telephone Company between 1924 and 
1930 with a view to providing a more cr less definite 
picture of economic conditions and trends in the five 
states in which it operates. The general plan of these 
studies involved an analysis and presentation of the" 
following subjects: * 


?« Ural f ® atures ’ Including a study of land form, soils, climates, 
vegetation, an£ water resources, with respect to tliei? Influence on activities. 

2. The situation and outlook of each state’s basic industries—agriculture, 
manufacturing, lumbering, and mining—in relation to population. 

3. The comparative conditions and prospects in the various natural or 
economic-geographic regions of the particular state, the regional treatment 
mifstSf 111 bOCailSO ° f the dissimila rity of conditions prevailing over 


4. A detailed analysis of the situation and outlook of the principal cities. 


5. The*effect of the probable population changes upon the demand for 
telephone service. 

f> 


Illustrative of the kind of questions for which answers 
were sought by the state economic surveys are these: 
How will the expansion (or perhaps contraction) of 
agriculture be distributed over the state? "Will farmers 
have a greater or lesser purchasing power? What is the 
manufacturing outlook in the state? What kind of 
manufacturing activities may be expected to expand 
and what about their localization? Will the increase 
in the population-supporting activities be sufficient to 
cause the state to attract large numbers of persons from 
other states? 

Personal inspection tours of each state were con¬ 
sidered essential, following'the collection and careful 
review of such information as was available. Contacts 
had been established with organizations and bureaus 
throughout the area, and during the inspection trips 
interviews were possible v^ith persons in many lines of 
work. Of course all of the material and suggestions 
gathered in this manner* could not be accepted at face 
value since local pride and enthusiasm were noj; always 
restrained. 


increase during 

. o , previous decade 

Year Total ,1 

ft population Number Per-cent 

1890 (June 1).....,.' 62,947"7J4 

n !l Un i V;/'.. • 75 > 994 '575. . 13,048.861 ....20.7 

16) --- . 91,972,266. . 15,977,691... .21.0 

S X) .. • • • 105.710,620 . .13,738,354.... 15.0 

193 °. (Apr11 .'.. • • • 122,775,046 17,06 4,426....16.1 

o “ ““ 

* 

Study of the trade territory.of a^ity is essential to 
an analysis of the population supported or likely to be 
supported by the wholesale, retail, and general office 
business of a city. This territory usually can be 
defined with the aid of an analysis of banking relation¬ 
ships, newspaper circulation, and the distribution of 
sales of representative wholesale establishments. 

The trade territory of practically every city, is chang¬ 
ing, increasing or decreasing in extent^and also under¬ 
going changes in the character of the population. In 
respect to the latter, it should be remembered that the 
importance of a trade center depends not only upon the 
number of people in the tributary area but also upon 
their standard of living. In an analysis of the probable 
future changes in the trade territory of a, city, con-, 
sideration must be given to the trend in agriculture* 
and industry, including such factors as" improved high¬ 
ways, motor trucking, and changes in freight rates. * 

* 

Industrial Expansion 


Forecasting the Population op a City 


^ By the nature of things, no two cities present situa¬ 
tions precisely alike; indeed, one of the most str iking 
facts is their dissimilarity. However, in analyzing the 
past growth of a city and forecasting its future*, there 
are usually five principal influences to be considered: 


1. Size and character of its tributary trade territory 

2. Its industrial expansion 

3. Its attraction as a home center 

4. , Governmental activities 

5. 


Institutional activities 


It now appears that the growth of most of our cities 
during the next twenty years will be due primarily to 
their relative attractiveness for industrial expansion. 
For purposes of population analysis, it is helpful to 
classify industries. They may be grouped according 
to those which attract population, such as steel milk 
and automobile factories, and those which result 
largely from the presence of population, such as, 
bakeries, laundries, and ice cream factories. Again, 
it is helpful to consider industries from the standpoint 
of whether they are conservative or exhaustive in 
nature; that is, whether their supplies are continuous 
or temporary. The lumber industry as it has been 
carried on in this country is a striking example of an 
exhaustive industry; in many places, industries (such 
as oil refining) based upon the presence of minerals are 
exhaustive. 

If a city has diversified manufacturing plants, its 
growth is likely to be more uniform or stable than for a 
city where a single industry is dominant. It isVell to 
note that different industries do not contribute to the 
population of a city in exact ratio to the number of 
employees. In a number of industries including the 
manufacturing of shoes and clothing a large proportion 
of the workers are girls and women, representing second 
and third members of a family. Further, one must 
consider the effects of labor-saving machinery. In the 
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past virtually all industries have been able to increase 
their output by the application of labor-saving devices 

, without a proportionate increase in the labor required, 
and it is certain that this tendency will continue. 

• Th£re are many people who choose a place to live 
rather than a plaCe to work.^ Among these are the 
independently wealthy, the retired, and. the adven¬ 
turers. These people seek living conditions *to meet 
their desires, and adjust their occupations if necessary 

• to what is attainably where they choose to live. Tjie 

• classes who seek places to live first and occupations 
aiterwards ar^likely to increase in the future. 

The national capital and many of the state capitals 
owe their growth primarily to the activities of the 
federal or state governments. In the past there has 
been a general tendency to enlarge the functions of 
governments, but for the immediate future it seems 
reasonable to expect an increasing pressure for more 
economies! governmental administration expansion. 

Effects of Institutions 

Many cities in the country, have military estab¬ 
lishments, educational institutions, penitentiaries, etc.,* 
which add considerable numbers to the population! 

• Sometimes institutions of this character are relatively 
so large and subject to such wide fluctuations in size 
that they tend Co render past rates of growth of the city 
misleading, and to make forecasting of the future 
extremely difficult. In analyzing the population growth 
of such cities it has been found advisable to isolate the 
past, population related to institutions and treat this 
influence separately in forecasting the future. 


• • 

•Many cities possess the advantages just described in 
more or less equal "measure, yet their past and pros- 
. pective rates of population growth vary widely. It is 
here that well-directed effort on,the part of various 
civic bodies is important. TKe community which 
effectively advertises its natural advantages of location 
is likely to grow while a neighboring city equally well 
situated may standstill or even decline. Civic spirit is 
therefore a proper'consideration in every population 
forecast. Through advertising activities a few of our 
cities have attracted a larger population than they ran 
• hold, and the slump which is bound to follow will per¬ 
haps permanently injure them. On the other hand 
some cities probably have retarded their growth by 
advertising which so glaringly exaggerated their attrac¬ 
tiveness that their real advantages were overlooked. 

In the telephone business, and in most other busi¬ 
nesses where advance planning is required, it is im¬ 
portant not only to know the probable growth of 
•population, but also its character and distribution, 
and its division into family units? Future population 
growth is forecast upon the basis of certain definite 
factors already cited, including expansion of industry 
or commercial activities which support population. 
In estimating the amount of population that probably 
will be located in high grade, medium grade, and 
poor sections of the city, it is essential to know 
rather definitely the class of population supported by 
the various activities. Further, it is well to note that 
each part of a city is in competition with other sections 
of the city for the limited population growth of the 
whole community in much the same manner as cities 
compete with each other. * 



, I nterpretive abstracts of all papers 

to bf presented at the A.I.E 4 E. Milwaukee District 
meeting (March 14-16, 1932) are presented herewith. 
Members vitally interested and wishing to obtain im- 
;v v ;!; mediately pamphlet copies of any available papers are 
requested to use the order form appearing on p. 929 0 f 
r-his issue. In response to popular demand and within 
its space limitations Electrical Engineering subse¬ 
quently may publish certain of these papers, or technical 
articles based upon them. 




A General Method of 
Gaseous Tube Control ' cstansw 

IY1ETHODS devised for the purpose of controlling the 
mercury vapor rectifier tube by means of the hot cathode grid 
have been produced in much profusion for the past several years. 
However, certain novel control methods which it is felt are based 
upon fundamental ideas and should be of general engineering 
interest are presented in this paper. 

It is shown that the inherent rectifying property of the cathode 
grid circuit lends itself to condenser-energy-storage methods of 
grid control which may take a^number of forms.,. A typical set of 
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control characteristics for tubfe of the type described is shown, 
in connection with which it is pointed o*t that the response to 
grid voltage varites rather widely at different temperatures of the 
condensed mercury in the tube, except for anode voltages in the 
neighborhood of that at.which the tube just starts with zero grid 
potential. This anode voltage is quite constant except at tube 
temperatures outside the normal working range, so that methods 
of control which take advantage of this fact give response* com¬ 
parable in accuracy to that of the high-vacuum tube. Various 
control circuits based on these principles are shown and de¬ 
scribed. (A.I.E.E. Paper No. 3?M6) , v - 


The Proximity Effect and Its Application 
to the Concentration of Heating 
Currents in Predetermined Strips Edward Bennett 1 


usual combination of mechanical and electrical parts, provides a 
means for recording gas quality; while the Thomas total heat 
meter, an electrical combination of the above instruments, grves 
a direct measurement of the energy in the gas. 

Heating values within 1 per cent, plus or minus, of a fixed 
value generally must be maintained. Therefore a calorlfiu, in* 
strument designed for control purposes- ivas developed. It is 
particularly useful for the Automatic control of mixing two or 
more gases of unlike heating value to obtain a mixed gas of con¬ 
stant heating value. 

The most recent development in the gas industry is the fully 
automatic gas plant for small communities. These plants are . 
electrically operated and controlled, providing an uninterrupted • 
supply of gas of ^constant heating value at constant pressure, a 
service which? compares very favorably with that formerly en- 
jbyed by large communities only. (A.I.E.E. Paper No. 32M10) 


In ANY industrial operation such as welding, concen¬ 
tration of-heating currents in particular parts of the metal pre-' 
sents obvious advantages?. A method is described in this paper of 
concentrating these heating currents in predetermined strips of 
conducting plates, pipes, or other shapes. These are placed in 
close proximity to each other or to auxiliary conductors. r I'hey 
are so interconnected that heating currents concentrate largely in 
adjacent strips in close proximity to each other and in which the 
current flows in opposite directions. The shapes are connected 
with sources of alternating or oscillatory current of moderately 
high frequency. The method therefore consists in the use of an 
enhanced “proximity effect" to control the distribution of heat¬ 
ing eujrents in bodies. 

Mathematics and theory to assist in the solution of this prob¬ 
lem are presented in the paper. Curves have been worked out 
to illustrate the control of the distribution of the heating current 
densities by means of this proximity effect. Unquestionably the 
control of the distribution of heating currents which is thus made 
possible opens up a new range of industrial heating effects. The 
method of selectively heating bodies by causing the heat energy 
to be generated in the body in strips of predetermined width and 
depth would seem to give a hitherto unattainable nicety of con¬ 
trol of the distribution of temperatures in metallic bodies. 
(A.I.E.E. Paper No. 32-54)* 


Toll Switching • 

Plan for Wisconsin * w;c. wiier* 

• 

Developments of telephone plant and technique 
have extended constantly the distance over which it is technically 
'possible and commercially practicable to furnish toll telephone 
service. The result of this extension in the range of transmission 
hap been to increase the number of possible commercial toll eon- 
neetions and to stimulate growth in toll service. Iiijbhis paper, 
the toll switching plan for Wisconsin including some features of 
the transmission design requirements and the 0 present and pro¬ 
posed toll cable network is outlined briefly. The relationship of 
the plan to that for handling countrywide toll connections also 
is touched upon. 

It is found that the toll cable type of facilities gradually is sup¬ 
plementing or replacing the open yvire type along many of the 
important Routes of the system. It is expected that ultimately 
the use of open wire lines, will be limited largely to the feeder and 
branch routes to cities arid towns located some distance from the 
main toll cable route. A large majority of the principal open 
wire lines in Wisconsin now are arranged to have superimposed 
carrier systems operating upon them, and thia application 
been an important factor in providing for the increased toll traffic 
during the last few years. (A.I.E.E. Paper No. 32-55) 
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Electrical Instruments* 
in the Gas Industry 


By:;-, v 

E. X. Schmidt* 


Police 

Teletypewriter Communication 


By 

R. E. Pierce 4 


VrPPOSITION to the use of electrically operated 
devices in the gas industry has disappeared because of the out¬ 
standing advantages of many forms of electrical control appa¬ 
ratus. Although the control of gas pressure generally is still 
mechanical, the flexibility and sensitiveness of electrical pressure 
controllers has made these devices a valuable asset in thadistri- 
bution of gas. Thermal meters, calorimeters, and total heat 
meters are among those to which electrical devices are applied. 
The Thomas thermal meter makes possible the automatic mea* 
surement of gas flow at standard conditions independent of varia¬ 
tions in the temperature, pressure, and saturation condition of 
the gas. The Thomas calorimeter, a device comprising an uh- 

1. University of .'Wisconsin, Madison. 
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PqLICE organizations throughout the country are 
rapidly adopting the latest development in record eommuruca- 
tion, namely, the teletypewriter. By this means alarms are typed 
at one point and simultaneously recorded in printed form at a 
large number of widely separated stations* The engineering for 
a modern police system involves not only the provision of the 
teletypewriter machine, but large networks of telegraph circuits 
with the associated switchboards, telegraph repeaters, power 
plants, and testing equipment which also must be designed, 
manufacture^ 

Tri adapting the teletypewriter to police work, some interes ting 
problems have arisen. Usually service is of an intermittent 

3. Wisconsin Telephone Co. . Milwaukee. 

4. American Tel. & Tdi; Go., New York, N..X 




nature and special arrangements are‘provided at the sending 
location for starting and stopping the distant teletypewriter. 
Alsu speefally designed control arrangements are provided to 
allow an operator at general police headquarters to «fcake control 
of an Qjjtire state network, including all groups of stations which 
normally would operate individually. In other *ca^es an ac¬ 
knowledgment circuit* ns provided for advising the sending 
operator when a meslage has been received at a particular sta¬ 
tion. In certain«types of offices where a number of stations is 
on one circuit, selective calling devices allow any one station to 
select any other Ration or group of stations on the circuit, \&ri- 
* ous types of leased networks are designed to fit particular needs 
* of police organizations. (A.I.E.E. Paper No. 32M8) ‘ 

• * 

Weather Resistant * 

Insulation for Line Wires 

9 


By 

C. F. Harding 5 
L. L. Carter* 

J. W. Olson 5 


• 4 VpREAT ADVANCES have been made in the art of 

producing insulation for higher voltage cables, but it is only 
within the last two years that any unified and organized attempt 
has been made to improve the weathering and insulation q uali ties 
of the covering of weatherproof line wire. The relatively high cost 
and poor operating performance of weatherproof coverings on * 
overhead lines of 4,000 volts and less, indicated the necessity for 
# tf^ng steps to improve the weatherproof covering or to discon¬ 
tinue its us$ entirely. 

Complete testing equipment for determining the comparative 
life of different weatherproof wire covering was purchased or con¬ 
structed for the laboratories at Purdue University.* This very 
complete equipment has enabled a large number of conclusions 
to be drawn, the most important of which mav be summarized 
briefly as follows: 


LStnvTv t + h triple ' brald Weathcrproof wire covering may be Improved 
fw b *5®, 48 saturants of ^eber fusing point blown asphalts, 

a Proride^cover: 

^ urating temperatures required to apply such satu- 

incof^™ ^ Ut damaee t0 the cotfcon y arns excessive anneal¬ 
ing of the copper conductors, has been proved. 

?esmt^f fl S! 0nS f° r J eatherpr °of coverings soon will be written as a 
oHongUfe ' ° f WM<5h ^ guarante e weatherproof wire 

hiifjfwwT*? provide a covering of lighter weight and smaller size 

ufe **“ <ioes the 


Following a careful study, the Waukegan site was acquired by 
the company in 1917, atfd subsequent developments have proved 
t the desirability of, this location. The first development period 
for the station was between 1922 and 1925, and consisted of n 
25,000-kw, unit and %35,000-kw. unit,,both operated at 350-lb. 
pressure, with a total temperature of 675 deg. fahr. with" no 
reheat. , '' 

During the second development period, between 1927 and 
1930, a 50,000-kw. unit and a 65,000-kw. unit were added, the 
operating steam pressure being raised to 6()0 lb., with a total 
temperature of 725 deg. fahr. In. the third period, just begun, a 
115,000-kw. unit was placed in service September 1, 1931. At 
this time radical changes in switching arrangements wore made. 

' Considerable increase in the size of the station is anticipated for 
the future. (A.I.E.E. Paper No. 32M9) 


Electrical Design 

By 

Features of Waukegan Station e. c. Williams’ 

n 

■DEVELOPMENT of the Waukegan station, through 
the three periods outlined in the companion paper by ,T. Lr. I lech 1 
is described in the present paper. Details of the changes and the 
reasons for them are given. 

The tendency toward metalclad switchgear in the development 
of this station is especially striking, the first 132,000-kv. switch¬ 
gear of this type ever used having been placed in service as part 
of the installation for generating unit 5. This generator anti its 
transformer operate as a unit without connection to the low volt¬ 
age bus. 

A number of interlocks on the switching and instrument trans¬ 
former equipment is provided to prevent operating errors and to 
protect personnel. Also in designing the control and protective 
system for the automatic combustion-control equipment used 
wi pulverized coal, unusual eare was necessary to insure suc¬ 
cessful operation. Excitation equipment for tho generators was 
designed to give economical and reliable operation. Tho paper 
outlines carefully the changes in practise, the novel applications 
o standard a-c. motors, the'trend toward equipment pro viding 
greater safety for the operating personnel, better investment 
economies, and greater facilities of installation that have occurred 

W rir n statlon over a period Of ten years. (A.I.E.E. Paper 
INO. o2«57) 
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Development of the Waukegan Station 
of the Public Service Company 
of Northern Illinois 


115,000-Kw. 
Turbo-Alternator 


By 

R. B. Williamson 7 


By 

J. L. Hecht 8 


. - Reasons for the choice of site, general nlan 
development of the Waukegan station are outlined briefly hi this 

™*°PoU t! u, system and a surrounding trans- 
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tnrhino U n- increasin g us « of large single-shaft steam 

turbine unite, it has been necessary to design very large genera- 

wmSZ? -f 1,8 °?, Th8 pr6sent »•£* describesTa 

woun^oMR “ tly . I ' 1 " 56d t in operation. The generatorfs 

volts »nd the whole outpnt of the machine, with 

b s3ed ue m iVe'tf t5e of auxiliaries, 

side of the trftssf* * ^r“ohing is dene on the high voltage 
mnemtS fe^r 6 ^ ? en ?? re ** »“ P ossibI o *> Wn the 
?er slof^Sg ^ " r ° Uld PSOTit a staple twwmnductor 

reu B S a ? aI l6ngth 0( the “aehine, ventilation 
__^_ y> aa d a new schem e of rotor ventilation was 

7, AUis-Chalxners Mfg. Oo., Milwaukee, Wis, , 
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developed to secure uniform cooling throughout the length of the 
long rotor body. The stator ventilation is bf the inward-outward 
parallel-flow typeVith fourteen parallel paths in each half of the 
stator. 

Air circulation is provided by four single-inlet motQr-driven 
bldwers mounted under the generator. A fin type radiator cooler 
is lflounted under the generator yoke and condensate ip circu¬ 
lated through the cooler. Excitation is furnished from a'350- 
kw. 250-volt coupled, shunt-wound exciter, and a 7^-kw. 
overhung pilot exeitef is used for the field of the main-exciter. 
(A.I.E.E. Paper No. 32-58) • • ’ 


The Mercury Arc Rectifier Applied 
to A-C. Railway Electrification o. k. Marti 7 


this basis the records sh6w that under conditions of operation 
existing in the Milwaukee interui"ban territory, the following con¬ 
clusions may be drawii. * ' 

«* ^ 

^ ; .* •. 

1. There Is practically no difference in operation and maintenance costs of 
the two types of c&nverting equipment, taking into consideration theliigher' 
efficiency of reatiflers. 

• • » 

2. Service availability of rotary Converters is slightly higher t^an service 

availability of rectifiers when the converting equipment is unattended and 
equipped with automatic control. ■ 

3. Rectifiers have not been responsible for complaints from- telephone, 

companies or radio users. ** 

4. Control system failures in whole or part are vastly more -serious in auto¬ 
matic than in manually controlled stations. • • • 

* • 

5. More attention sHould.be given to auxiliary relays, operating coils, pro^ 
tectivo equipments, etc., used in automatic control systems, to insure • 
against faults in them. (A.I.E.E. Paper No. 32M7) 


■ HE BASIC principle of grid control used in connec¬ 
tion with large mercury arc power rectifiers is reviewed briefly in 
order to explain a new application of rectifiers which was made 
possible by these improvements. This application is described, 
and it is shown how by its use a single-phase motor for a-c. rail¬ 
way electrification service with series-motor characteristics and 
for use on any commercial frequency can be designed. With*the 
grid-controlled rectifier it Avas found possible to eliminate the 
commutator of the motor and practically all the expensive con¬ 
trolling, switching, and reversing equipment commonly used on 
a-e. locomotives. The data and layout of a 1,000-hp., 50-cyele, 
15,000-volt, single-phase locomotive are given. * 

The experiments carried out on a locomotive Avith this type of 
motor have demonstrated the practicability of the scheme. Be¬ 
sides tile advantages from the point of view of locomotive opera¬ 
tion, this scheme makes it possible to use a poAver supply of any 
available frequency, Avhoreas at the present time frequencies of 
25 cycles or less generally are required. While it is too early to 
predict to what this development may lead, the already ap¬ 
parent marked advantages of a locomotive equipped with this 
type of motor, may revolutionize the practise of railway electri¬ 
fication. . 


Mercury Arc Rectifier versus 
Rotary Converter Automatic 
Railway Substations 


By 

O. M. Ward 8 


The 60-Cycle Primary Transmission 

, * 

System of the Milwaukee Electric b/ 
Railway and Light Company e ^ Hate" 


THE PRIMARY transmission system described in de¬ 
tail in this paper operates at 132 kv. and 66 kv. to transmit bulk 
energy from generating stations to step-down substations, and 
to interconnect the system of the Milwaukee Electric Railway 
and Light Company with hydroelectric plantain the northern 
peninsula of Michigan. The system is divided into power areas* 
which are served directly from a generating station or from a 
step-down substation located near the load center of the area. 
Energy is distributed from these points over secondary trans¬ 
mission lines. 

Tower lines are constructed where feasible on existing right-of- 
way of the electric railway system. High voltage lines are 
brought into the congested portion of the city oA^er private right- 
of-way. Pour types of tower line construction have been de¬ 
veloped, three of which are used in special cases where lines are 
constructed on a railway right-of-way not sufficiently Avide 
enough to permit the use of standard square base towers. This 
construction permits the conductors to be carried over the operat¬ 
ing tracks of the railway system. The particular type of tower 
to be used is a qxxestion of economies determined by the cost of 
real estate at that particular location. The system is so planned 
that it is capable of indefinite expansion without major changes in 
existing equipment. (A.I.E.E. Paper No. 32M3) . 


EXPERIENCE in the operation of unattended, auto¬ 
matic, mercury are rectifiers and rotary converter substations 
supplying 600-v-olt d-e. energy to overhead trolleys in interurban 
•territory is discussed in this paper. Operating records covering 
a three-year period from November 1, 1928, through October 
31, 1931 are presented for three mercury arc rectifiers, and two 
rotary converters of comparable size and operating under similar 
conditions. • 

As these rectifier stations were among the earliest installations 
with full automatic control in unattended substations, while full 
automatic rotary converter substations have been in service many 
years, it is manifestly unfair to compare these two types of stations 
for the first year or two of operation. Decided improvements 
have been made in rectifiers, and the 1931 record therefore may 
be assumed to be more indicative of normal performance. On 

8. The Milwaukee Blec. Ry. & Lt. <2o., tylilwaukee, Wis, 
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Insulator 

Sparkover 


By 

W. L. Lloyd, Jr.® 


SPARKOVER strength of the various parts used for 
the insulation of modern high voltage transmission systems has 
been subjected to a detailed study, the results of which are pre¬ 
sented in this paper. Line and station insulation, and bushings 
used on the station equipment, were subjected to tests to deter¬ 
mine their sparkover strength under a wide variety of conditions. 

Data are presented for both 60-cycle sparkover and lightning 
sparkover voltages, and all values have been corrected to an air 
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density of unity. Considerable attention bas been devoted to 
'• effect of humidity and a niftnber of interesting results have 
be$n obt&ined. These are shown in a group of tables and curves 
presented in the paper. Considerable data also are*presented on 
the e$eet which smoke, steam, dew, fog, rain, and surface dirt 
and moisture have on the sparkover voltages* of insulators. 
(A.I.E.E. Paper No. 3^-69) * 

• • 


2.,For towers of low footing resistance, on Jbhe order of 20 ohms, the wave 
is of short duration so tha| thC minimum flashover voltage of the attached 
insulation corresponds to its breakdown voltage at 2 iricrosec. with a flat- 
topped wave. * 

3. In applying insulation to well protected high voltage lines, suspension 

insulators should be judged by their impulse flashover characteristics at 2 
microsec. , '■ 

4. Thg choice of insulation for lines not protected, or inadequately pro¬ 
tected, by ground wires is based upon impulse flashover values at long 
time lags of the order, of 10 to 50 microsec. 


• An Improved Type of Limiting Gap • 

fbr Protecting Station Apparatus «a. o. Austin 10 


* COMPARISON of the impulse flashover character¬ 
istics of various forms of protecting gaps and of station insula¬ 
tion shows these characteristics to vary widely for different de¬ 
grees of overpotentials. In the usual type of protecting gaps, 
little or no provision has been made for adjustment in order to 
have the sercing characteristics 0 f the gap conform to the insula¬ 
tion for the range Of transients encountered in practise. 

A new form of protecting gap, the polarity and time lag char¬ 
acteristics of which can be adjusted over a wide range has been 
• developed, and in this article is compared to the us ual form of pro¬ 

tecting gaps. The advantages of this improved type of gap in* 
providing protection for a wide range of transients, and at the 
same time reducing unnecessary discharges of the gap to a mini- 
* mum, are sKbwnby tests wherein the effect of time lag is quite 
evident. The advantage of equipping the protec ting gap with 
a fuse or other ddViee is more apparent where a lightning arrester 
is not present to take most of the discharges. 

The advisability of using a limiting gap to protect station 
apparatus from flashover under very severe overpotentials, in 
combination with a lightning arrester to relieve equipment of the 
majority of transients of lower magnitude, is suggested as a 
means of providing increased protection, at the same time re¬ 
ducing interruptions to a minimum. The use of the control type 
of protecting gap is proposed as a means of more easily coordi¬ 
nating station insulation on new as well as existing installations. 
(A.I.E.E. Paper No. 32-60) 


Designand Ecomomic Selection of 
Suspension Insulator By 

A L|. J. J. Torol< u 

> ~ Assembhes C. G. Archibald 1 * 


'SUMMARY of data.from extensive impulse and 
7? ycle laboratory flashover tests upon suspension insulator 
strings relative to unit shell diameter and unit spacing is given in 
^ a P® r * ;: insulating qualities and the economic advantages 
of the various sizes of units are discussed with due regard to the 
“ ost lightning protection theories. Consideration is 

>, :fi ? f en t0 insulation for high voltage transmission lines of both the 
steel tower and wood pole types. 

Basedon ms stu dy, the following conclusions may be drawn: 


It S?™ aJ ° r faCt T °/ st€el tower transmission line design Is the shielding 

Properly located ground wires and nSS 


as 


10. Ohio Insulator Oo„ Barberton, Ohio 
: H. Westinghonse Elec. & Mfg. Co., B. Pittsburgh, Pa 
12. Westdnghouse Elec. & Mfg. Co., Derry, Pa 




5 t Impulse flashover spade effectiveness of suspension Insulators improves 
with Increase in uflit shell diameter at moderate spacings. 

0. Impulse flashover space effectiveness for all unit diameters falls off with 
Increase In unit spacing. 

7. Flashover space effectiveness decreases with Increase in string length. 

8. The cost for a given impulse flashover voltage generally is lower for 
larger diameter units and higher for larger unit spacings. 

9. Available service data and laboratory tests show that the 12-in unit is 
as serviceable as a 10-in. unit. (A.I.E.E. Paper No. 32-61; 


• Normal Frequency Arcover Values 
of Insulators as Affected'by By 

*> iz e and Humidity Kl /VHlwky” 


covering the electrical characteristics of com- 
parable insulators, as received from different sources, are fre¬ 
quently conflicting and a study has been made therefore to es¬ 
tablish rules whereby such characteristics can be estimated with 
a reasonable degree of certainty from the dimensions of the insu¬ 
lators. A long series of carefully made tests are summarized in 
the accompanying table. 


Kilovolt Flashover Values Per Inches Arc Length 


Insulator Type _ D ry Value Wet Value 

Suspension 

0 to 100 Inches ** " „ 

Standard cemented.10.5 to 9 7 to 6 8 

High strength cemented.1Q.5 to 9 7 to 6 3 

Hewlett flat disk.10.5 to 9 7 5 

Hewlett fish tail. 10.5 to 9 6 5 


Pin types 


Small. 

Multipart. 


Apparatus insulators...... 

(Dry 0 to 110 inches) 

Equipment bushings , 

Solid type.. 

(With bare conductor).... 


14 .,7 

• ••’.. .14 to 11.4 ...... .8.9 

* r 

-..11 to 7.3 .. .8 to 5.7 

(Erratic) 

... ,. .13.6 to 6.75. .,8.3 

...... .12.4 to 6.1 .8.3 


Where two figures are given, the first applies to’small insulators 
and the second to the larger insulators. In addition the ratio of 
wet flashover values in kilovolts to the wet striking distance in 
inches was found to be from 14 to 10.6 for high strength cemented 
suspension insulators, erratic for multipart insulators, and 13 to 
10.4 for apparatus insulators. It was found that for dry arcovers 
the humidity correction per 0.1 in. mercury water vapor pressure „ 
was 2 per cent for standard cemented suspension insulators, 
apparatus insulators, and solid type equipment bushings; and 3 
per cent for small, multipart, and pin type insulators. (AXE.E. 
Paper No. 32-62) 

13. Locke Insulator Oorp., Baltimore* Md. • r . : . r 
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Winter Convention Success 

Due Largely to Committee Efforts 

• * 

HE INSTITUTE’S winter eonven- several interesting non-technical features Entertainment for the women was ar- 
ton held in New York, N. Y., January 25- of the convention was the joint medal pres- ranged by the ladies’ committee with 
29, 1932, brought forth an official regis- entation which took place on the evening Mrs. E. B. Meyer as chairman, assisted" 
tration of 1,429 persons. This attendance of January 27. On this occasion the by Mrs. O. H. Caldwell, Mi;s. II. P. 
was. highly gratifying and definitely re- Edison Medal was presented to Dr. E. W. Charlesworth,' Mrs. H.-. C. Dban, Mrs. 
futed the occasional predictions that at- Rice, Jr., and the John Fritz Medal to W. H. Harrison, Mrs. F. L. Hutchinson, 
tendance would be small. Of even more Dr. M. I. Pupin. Many leaders in the Mrs. C. R. Jones, Mrs. G. L. Knight, 
importance perhaps is the fact that inter- engineering profession including several Mrs. R. L. McLellan, Mrs. W. R. Smith, 
est exhibited in the technical sessions and former Edison*and John*Fritz medalists Mrs.. C. E. Stephens, and Mrs. R. H. 
other features of the convention was in were seated on the platform. These pres- Tapscott. Activities included the popular 
line with the attendance. All in all the entations, as well as the conferring of hon- and well attended luncheon and bridge, 
convention may be said to have been very orary membership upon^Doctor Sprague, many independent theater parties organ- 
successful. are reported elsewhere in this issue. ized through co mmi ttee assignee, and 

The success of the convention’s ».nrm».l excursion trips particularly suited to the 
Opening op the Convention bullet supper and smoker was repeated interests of the womei?. In arranging 

this year, on the evening of January 26, trips for both men and women, some note- 
Tlrt> convention was officially opened at with an attendance of about 900. The worthy successes were scored by the in- 
2 p.m. January 25. Following introduc- committee responsible for this lively spection trips committee composed of 
tory remarks by E. B. Meyer, chairman affair consisted of G. W. E. Draper, chair - W. R. Smith, chairman, I. S. Coggeshall, 
of the winter convention general com- man, E. S. Banghart, W. G. Freeman, Gh F. Fowler, Henry Kurz, H. C. Otten, 
mittee, and W. II. Harrison, chairman of J, E. Goodale, R. A. McClenehan, L. K. R- D. Parker, V. A. Shields, H. P. Sleeper, 
the technical program committee, the Murphy, C. F. O’Neill, C. H. Sanderson, and R. L. Webb. The most popular trip 
opening address was given by Dr. C. E. H. R. Searing, H. O. Siegmund, Morton was that to the U.S. Naval air station at 

Skinner, president of the Institute In Sultzer, and H. G. Wood. Following the Lakehurst, N. J., where the U.S.S. 

his talk, presented elsewhere in this issue, buffet supper, an elaborate entertainment “Akron” was inspected. The registered 
Doctor Skinner outlined some of the activ- in the auditorium was provided by a ca- attendance for this trip was 379 persons, 

ities and accomplishments of the Insti- pable master of ceremonies assisted by The next most popular visit was that to 

tute, and interestingly discussed the an excellent group of artists. the studio of the Jenkins Television Cor- 

engineer as a citizen. At the conclusion poration, attended by 141 persons, while 

of this speech, honorary membership in the Empire State Building drew the third 

the Institute was conferred *upon Dr. Annual Dinner-Dance largest number with 67. A scenic trip up 

Frank J. Sprague, past-president of the the Hudson River also was available, and 

Institute, and a pioneer in the develop- The annual dinner-dance was held in in addition to specified trips to local points 
ment of electric traction. Doctor Skinner the GrandJBallroom of the Hotel Astor on of engineering interest, opportunity was 
then stated that he had just received a January 28, and proved to be well at- afforded the members and guests to select 
letter from Sir Robert Hadfield, London, tended. This event was preceded by a from a comprehensive list of plants which 
England, announcing a gift to the Insti- reception in honor of Doctor Skinner, might be of particular interest to them, 
tute of a bronze plaque commemorating The receiving line, in addition to Doctor The registration for all inspection trips 
the Faraday 'centennial. The meeting Skinner, included the three honorary totaled 893. 

then was turned over to Mr. Harrison who members present, Dr. Ambrose Swasey, Too much credit for the success of the 
formally opened the series of fourteen Dr. Chas. S. Scott, and Dr. Frank J. entire convention cannot be given to the 
technical sessions. As abstracts of, or Sprague; E. B. Meyer, general con- general convention committee and to the 
articles based upon, all 64 papers pre- vention chairman, and H. P. Charles- convention executive committee- The 
sented at these sessions already have been worth, vice-president of the Institute for first of these, with E. B. Meyer as chair- 
published (see Electrical Engineering the New York District. Responsible for man, included O. H. Caldwell, H. P. 
for January 1932, p. 39-49, and forFebru- the success of this occasion was the din- Charlesworth, H. C. Dean, W. H. Harri- 
ary 1932, p. 130-2), they will not be re- ner-dance committee composed of E. J. son* C. R. Jones, G. L. Knight,' C. E. 
viewed here. However, summaries of the Johnson, chairman , C. R. Beardsley, Stephens, and R H. Tapseott; while the 
discussions following presentation of some N. M. Garland, W. S. Hill, H. L. Huber, executive committee consisted of C. E. 
of these papers will be given in subsequent R. H. Hughes, J. F. Kelly, F. A. Muschen- Stephens, chairman, C. R. Jones, vice- 
issues of Electrical Engineering/ heim, R. F. Penman, C. S. Purnell, H. R. chairman, G. W. E. Draper, E. J. John- 
One of the ^most impressive of the Searing, and D.M. Simmons. son, Mrs. E. B. Meyer, and W. R. Smith. 
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The officially registered attendance at 
the convention was 1,429 persons; atten¬ 
dance atfthe sessions indicated that others 
were present. The following tabulation 
reveals the distribution of those who were 
‘registered; 


• District * 

Registrants 

New York City and Foreign (3). 

. 898 

North Eastern (1)..... 

. 233 

Middle Eastern ($). 

. 214 

Great Lakes (5). 

. 34 

Canada (10).*_ 

. 23 

Southern (4). 

. 13 

South West (7)...... *. 

. 12 

North Central (6). 

. 1 

North Western (9). 

• 

- 1 

Total.. 

.1.429 

P * 

• 


President Skinner Urges 
* Wider Engineering Effort 

Dr. C. E. Skinner, president of the In¬ 
stitute, gave the address at the opening 
meeting of the 1932 winter convention, 
outlining some of the accomplishments of 
the Institute in the past, and pointing the 
way to future activities which might bene¬ 
fit electrical engineering as a profession 
and the nation ^ a whole. He also dwelt 
»upon the responsibility of the engineer as 
a citizen, and urged greater activity in 
the affairs of the nation. Excerpts from 
Doctor Skinner’s speech that relate to the 
more general aspects are given on p. 155 
of this issue; those concerning Institute 
activities are quoted in the following 
paragraphs. * „ 

“The unusually fine program of papers 
before the 1932 winter convention is most 
satisfactory evidence that the American 
Institute of Electrical Engineers has been 
going forward during these years of de¬ 
pression. The winter convention, more 
than any other meeting of the Institute 
during the year, has come to be looked 
upon as the proper place and time to put 
into therecord our outstanding accomplish¬ 
ments: of the electrical industry for the 
,year. The papers and discussions re¬ 
corded at this and other meetings of the 
Institute constitute the history of the 
advances made in the electrical art in the 
IJnited States, and to a considerable ex- 
tent in the world. The application of elec- 
^bity is without doubt the most im¬ 
portant factor in. the advance of our 
material civilization. It touches in some 
“way almost every other factor which has 
a part in the advances which have been 
made during the last fifty years. Our 
Institute has a most enviable opportunity, 
Ahpplying as it does the forum for the 
announcement of new discoveries, the 
of achievements from year to year, 
of the problems which 
the industry must face and find solution. 

“During these last two years or more 


a * 

the Institute like governments, organiza¬ 
tions, and individuals, has n&t been free 
from the effects of decreased income. This 
has but spurred us ih an endeavor to give 
more service at less cost. It has been a 
challenge to greater efficiency m the con¬ 
duct or our affairs. It has spurred us to 
provide, particularly in our publications, 
the best service to the members which can 
be given with the funds available. It has 
made necessary the limiting of the mim- 
. ber and the length of papers presented, 
which is often *a benefit rather t.hn.r> a 
detriment to their quality. It has spurred 
on tHe effort to carry the activities of the 
Institute more aiid more to the far fiung 
Sections, and the eighteen or twenty Sec¬ 
tions so far visited by your president havg 
without exception indicated their en¬ 
thusiasm and their unquestioned faith in 
the future of our great industry. 

"This is no time to undertake expanded 
activities for the Institute, but it is not 
amiss to suggest new activities that may 
be planned now so as to be ready when 
funds will be available. It has seemed to 
your President* that the tjme has arrived 
when an attempt should be made to write 
a comprehensive history of the Institute 
and of electrical ^engineering, particularly 
in regard to the formative years which 
were so fruitful of advances during the 
latter part of the last Century. The cur¬ 
tain is^oing down for many of the players 
who took the chief parts in one of the 
greatest industrial dramas of history and 
much of the most interesting part of the 
story will be lost unless it can be written 
while some of these chief players are still 
with us. The writing of such a history 
Would mean the collection of much data ' 
and a dramatizing and hum a.ni7.i-ng of the 
story as can be done by very few writers. 
It would seem that the American Insti¬ 
tute of Electrical Engineers should be the 
body to arrange for the production of such 
a history if the funds could be made avail¬ 
able and a qualified historian found. 

“The Institute has been a pioneer in the 
standardization field, both national and 
international, and the recent reorganiza¬ 
tion of our standards work into the elec¬ 
trical standards committee should give 
great satisfaction to all our members 
interested in this subject. In the early 
years the standards committee of the 
Institute was undoubtedly the most logi¬ 
cal and best possible means of carrying on 
this work, and in fact, the only place; but 
as the years went on, new organizations 
developed and new condition§ arose which 
made it advisable to change our methods. 
The present plan recently adopted, largely 
formulated in its last stages by the late 
Dr. L. T. Robinson, promises to give us 
an entirely orderly and satisfactory pro¬ 
cedure in the whole electrical standardiza- 
tion field, both national and international. 

"The question of the licensing of engi¬ 
neers, bringing with it the necessity for a 


satisfactory definition of the term "engi¬ 
neer,” and the establishment of standard 
qualifications by which wfe may be judged, 
has been brought about by licensing laws 
^ already passed hi many States. It is of 
the utmost importance to all enginfee^s 
that uniformity in these laws, definitions, 
and requirements, be established through¬ 
out the country. 

* "The members of the Institute, to¬ 
gether with all other members of the engi¬ 
neering profession, may take some pride 
in the measures taken by our profession 
for the relief of the unemployed during 
this trying time of lowered industrial pro¬ 
duction. Through our local Sections, the 
cooperation of the groups being organized 
through the American Engineering Coun¬ 
cil, and through committees On unemploy¬ 
ment, engineers as a group probably have 
done more for the relief of their fellow 
members than any other group or pro¬ 
fession. Through our participation in the 
American Engineering Council- we have 
joined in the organization of special com¬ 
mittees in almost every State of the Union, 
and this action will do much to bring 
about greater solidarity in the engineer¬ 
ing profession as a whole, even when this 
difficult time has passed. Our participa¬ 
tion in the general work of the American 
Engineering Council and our joining with 
the plan of organizing state councils is 
bringing to us a greater appreciation of 
our responsibilities, not only as engineers 
but as citizens of the Republic. In'times 
such as these, when every sort of scheme, 
sensible and fantastic, is before the na¬ 
tional Cqngress, legislatures of the States, 
and even local governments, the calm con¬ 
sidered judgment of the thinking citizen 
is required as never before. At this time 
there "are before the Congress of the 
United States more than 12,000 bills call¬ 
ing for appropriations totaling approxi¬ 
mately 30 billions of dollars, many 
of them with an engineering content. 
Another 12,000 bills are expected to be 
introduced before the session is over. As 
engineers and as citizens it is our duty 
as well as our privilege to take such part 
as we may through the American Engi¬ 
neering Council and its state councils, 
and by any other legitimate means, in 
giving advice as to which of these pro¬ 
posals are sound and which are unsound 
from the engineering point of view.” 


Frank J. Sprague 
Made Honorary Member 

As previously announced, (Electrical 
Engineering Peb. 1932, p. 139-40) Dr. 
Prank J.- Sprague, pioneer in electric trac¬ 
tion, was elected an Honorary Member of 
the Institute at the meeting of the board 
of directors held December 4, 1931. The 
formal installation of Dector Sprague as 
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Honorary Member was made on January 
25, 1932, at th§ opening meeting of the 
Institute’s winter convention. Dr. C. E. 
Skinner, president of the Institute, in 
majring the installation pointed out that- 
such membership is accorded only by 
unanimous vote of the board of directors 
and only to men of extraordinary promi¬ 
nence in the profession. In addition to 
Doctor Sprague the* Institute Honorary* 
Members now are: Andre E. Blondel, 
John J. Carty, Herbert Hoover, Gugli- 
elmo Marconi, Michael I. Piipin, Charles 


P. Scott, Motoji Shibusawa, ^Ambrose 
Swasey„and Elihu Thomson. 

■* In Doctor Sprague’s brief speech of 
acceptance, he addressed the audience as 
the apostles of speech, light, transpprta- 
'tion, etc., so necessary to contemporary 
civilization. JVTodestly he stated that he 
was probably the oldest person in the 
room, and perhaps this tribute to him was 
because of'his age, although he preferred 
to consider it to be otherwise, and to be to 
himself and his individual accomplish¬ 
ments rather than to his age. 


Edison Medal for 1931 ' 

Presented to Dr. Edwin Wilbur Rice, Jr. 


TOR “his contributions to the develop¬ 
ment of electrical systems and apparatus, 
and hi? encouragement of scientific re¬ 
search in industry,” the Edison Medal 
for 1931, highest award of the A.I.E.E., 
has been presented to Dr. Edwin W. 
Rice, Jr. The presentation was made at a 
special session of the winter convention of 
the Institute, Wednesday evening, Janu¬ 
ary 27,1932. Doctor Rice is a Fellow and 
past-president of the Institute; he is one 
of the pioneers in electrical development 
in the United States, and has played a 
conspicuous part in the building up of the 
General Electric Company, of which he 
is now honorary chairman of the board. 
After appropriate remarks by Dr. C. E. 
Skinner, president of the A.I.E.E., the 
aims and purposes of the award were out¬ 
lined briefly by *Dr. D. C. Jaokso’n *past- 
president of the Institute and chairman 
of the Edison Medal committee. 

“Our Edison medalists,” said Doctor 
Jackson, “are procreators of brilliant dyes 
which have worked miracles in coloring 
the raw fabric of civilization with the 
complexion of convenience^ and com¬ 
forts beyond the reach of kings in previous 
generations. These men are creators, 
picked and culled. . . . : 

“Last year, as chairman of the Edison 
Medal committee, I gave some history of 
the Edison Mgdal and referred to the 
maa who joined in its founding in honor of 
Mr. Edison. Since then the great one 
whose name the medal bears has passed 
from his human affairs, but we shall con¬ 
tinue to cherish his name through the 
years as we add to the honor roll of 
medalists. 

“It is not altogether easy to discrimi¬ 
nate discerningly between achievements, 

. . . John Raskin once said that ‘hun¬ 
dreds of people can talk for one who can 
think ; but thousands can thinkfor one who 
can see.’ Each year, of the thousands who 
pah think, one is to be fouijd for the 
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Dr. E. W. Rice, Jr. 

Recipient of the 1931 Edison 
Medal for “his contributions to the 
development of electrical systems and 
apparatus, and his encouragement of 
scientific research in industry 


Edison medalist who also can see—one 
whose works prove that he can see and 
has seen some part of the invisible in our 
realm of electricity, and has brought it 
into full play for the glory of the culture 
and for the comfort of the civilized world. 

“Such men are stirred by scientific 
curiosity and a strong discontent, a 
discontent even with what seems good if 
it may perchance be turned into better.: 
It is the author bjf groat works resulting 
ftdm this glorious kind of dmoontent that 


•5 i , . •> * 

we single out and acclaim on these occa¬ 
sions of conferring the Edison Medal. 
We of the American Institute of Elec¬ 
trical Engineers are under debt to the 
far-sighted founders of the medal for the* 
privilege of. administering their trust.” * 
Following these remarks, Doctor Jack- 
son read an addness prepared* by Dr. 
Elihu Thomson who, because of ill health, 
was unable to be present to speak in • 
person. Doctor Thomson for many years 
has been Doctor Rice’s close friend and * 
associate; be was the man chosen to 
receive the first Edison Medal (1909) "and 
was awarded the John Fritz Medal in 
1916; he is an honorary member andrpast- 
president of the A.I.E.E. Excerpts from 
Doctor Thomson’s address are gfren in 
the paragraphs which follow. 

Dr. Elihu Thomson * 

Sketches Dr. Rice’s Career - 

. 

“It was while I was professor of chemis¬ 
try and mechanics in the Boys’ Central 
High School in Philadelphia, with Prof. 
Edwin J. Houston in charge of physics, 
that I first met Edwin Wilbur Rice as a 1 
pupil. . . . Rice entered the school in 
1876 and graduated at the head of his 
elass in 1880. What this meant in the * 
training of a student may be illustrated 
thus: My class, known as the 55th, 
entered on examinations in 1866 about* 

170 strong, but of these only 18 gradu¬ 
ated in 1870 at the completion of the four 
years’ course. It was the same with the 
other classes, Rice graduating at the 
head of the 75th in like relation of num¬ 
bers. Our gelations began in the school 
wo?k, in which I found him an earnest 
pupil, always wanting to learn, not only 
willing but eager to make all effort neces¬ 
sary for acquirement. 

“When in 18801 had decided to take up 
invention and electrical engineering work, 

Rice became a graduate, and . . . de¬ 
cided to associate himself with our new * 
enterprise, practically as co-worker and 
assistant. With business associates, r 


in Philadelphia. . . . On leaving Phila¬ 
delphia for New Britain, Conn., where! 
the American Electric Company had 
beeh organized to manufacture and ex¬ 
ploit the Thomson-Houston system of 
arc lighting, Professor Houston’s active 
connection with the enterprise ceased. 
This was in 1880, and to Rice and myself 
remained the task of nursing the new 
baby into vigorous life.” 

Doctor Thomson’s address then out¬ 
lined the difficulties experienced in the 
early history of this enterprise, during 
which time the Brtish Electric Company 
of Cleveland, Ohio, acquired control of 
the American Electric Company, but 
1 later relinquished it to the “Lynn Syndi¬ 
cate.” “J cannot say too much in praise 
of the invaluable assistance and perspic¬ 
uous business acumen of Rice himself at 






this juncture,” Doctor Thomson con¬ 
tinued,” *for it was ]ie wlio met the Lynn 
representatives and showed them the 
valuable points of the invention embodied 
In Jbhe Thomson-Houston system of arc 
lighting.” 

. • • 

Factory Superintendent at 22 

Under the Lynn management a new 
and highly successful era began, and in 
November 1883 the manufacture was 
shifted to a new factory building in Lynn, 
Mass. ‘Rice, then ?52 years of age, was 
selected .as plant superintendent at the 
new establishment. 

“In his capacity of plant superinten¬ 
dent fiPb LJnn (returning again to Doctor 
Thomson’s address) an enormous amount 
*of work fell to the lot of Rice, as the 
growth of the business extended into the 
a-c. fleldt incahdescent lighting, and the 
electric railway; .• . . 

“It was during this period, and before 
the exodus which took many of our engi¬ 
neers from Lynn to Schenectady in 1892; 
as a consequence of the consolidation of 
the Edison General Electric with the 
Thomson-Houston interests under the 
presidency^of C. A. Coffin, that our staff 
was enriched by the coming of the late 
Dr. Chas. P. Steinmetz to Lynn. . . . 
JEtice had a leading part in securing the 
services of Steinmetz as a member of our 
technical and calculating staff at Lynn, 
leaving for Schenectady in 1892, or shortly 
thereafter. It was at this time that Rice 
wasunade technical director of the General 
Electric Company, a position held by him 
for many years, until promoted to Jhe 
presidency, succeeding Mr. Coffin. 

Founds Research Laboratory 

“In his position as technical director of 
the company, his work extended not only 
through the departments at Schenectady, 
but covered the undertakings of the 
several other works. . . . The responsi¬ 
bility was great and increasing. It was 
during the period of his earlier years at 
^Schenectady that the idea of a works re¬ 
search laboratory was entertained. I 
remember receiving a letter from Rice 
asking my opinion of the project and re¬ 
questing a statement of some of the prob¬ 
lems which it might take in hand. In 
reply I pointed out the vast field covered 
by our ignorance, the possible solution of 
problems by research, and endorsed the 
project warmly as likely to be a.great ele¬ 
ment in future technical advance. 

“Thus, under Doctor Rice, the great re¬ 
search laboratory at Schenectady was put 
into action, with Doctor Whitney at the 
head, and such co-workers as Dr. Irving 
Langmuir, Dr. W. D. Coolidge, and many 
others, contributing through the years to 
its output. 

“There is no space to enter into any of 
the details of the researches in science and 


technology which have been the outcome. 
To see a complete revolution in the field of 
lighting alone, we have only to point to 
the modern incandescent lamp with its 
filantent of tungsten wire made by the 
Coolidgh process and to the studies of' 
Doctor Langmuir on the gases* present in 
the lamp jjulb. . . . The part that Doctor 
Rice had in this <jp,n be estimated only by 
such knowledge as those close to .the 
evolutionary Tgene were enabled to 
obtain ... 

• # Many Patents Received 

“Naturally, one*so busy with electrical 
engineering advances has received a large 
number of patents in the United States* 
These number about 115, taken out indi¬ 
vidually or jointly with others. None the 
less, Doctor Rice arranged the atmos¬ 
phere, so to speak, in which others could 
do their best work, and introduced into 
the organization of the industry methods 
which not only have benefited the com¬ 
pany itself, but have added materially to 
the welfare of tlje employees. 

“Doctor Rice’s long career of attain¬ 
ment and usefulness naturally has brought 
to hi m many recognitions in the form of 
medals, honorary degrees, and decora¬ 
tions, both here and abroad. Doctor Rice 
is, I think, richly entitled to the bestowal 
of the jEdison Medal, an honor which had 
Edison himself lived to know of it, would 
have met with his warm approval. Edison 
on several occasions expressed his High 
regard for Doctor Rice’s personality and 
versatile ability as inventor, manufac¬ 
turer, business man and financier. I 
think I can say for the surviving recipients 
of Edison medals that we are glad to en¬ 
dorse the action of the Edison Medal com¬ 
mittee of the Institute in making choice 
°f Dr. Edwin Wilbur Rice for the award 
on this occasion.” 

Presentation of the medal to Doctor 
Rice by President Skinner followed, after 
which Doctor Rice responded. 

Doctor Rice's Response 
Outlines Electrical History 

“It is with profound pleasure,” began 
Doctor Rice, “that I accept .the Edison 
Medal, which I regard as the greatest of 
all prizes to be won by an electrical engi¬ 
neer. I shall treasure the medal itself as 
visible evidence that my work has met 
with the signal approval of my fellow 
engineers, and because of the precious 
memories recalled by the name and image 
which it carries. * 

“I am the first to receive this award 
since the death of the great man in whose 
honor it was established and whose name 
it bears; and I like to think that he would 
have regarded me as a worthy recipient. 
Among the most happy memories of my 
life are those of the days, all too few, 
which I was privileged to spend with Mr. 
Edison.”* 


r Doctor Rice r then outlined the im¬ 
portant developments in -the field of elec¬ 
tricity and electrical apparatus and equip¬ 
ment which he h^d observed throughout 
*his career. These reminiscences begap 
with his sight of a dazzling light (the are 
light) at the Centennial Exposition in 
Philadelphia in 1876, which Doctor Rice 
stated was his earliest memory of any¬ 
thing electrical. He related seeing at the 
same exposition two Gramme machines, 
one being operated as a generator, and 
one as a motor. Speaking of the tele¬ 
phone Doctor Rice declared, “I shall 
never forget the thrill of my first message 
over the telephone. ... I have never 
lost the sense of awe and wonder, that so 
simple a device is able to transmit and 
reproduce all the complex sounds, includ¬ 
ing human speech.” 

Doctor Rice also touched upon im¬ 
portant inventions made by his con¬ 
temporaries, including the invention of 
the incandescent-electric lamp by Edison, 
Edison’s experiments in the central sta¬ 
tion field, and his subsequent establish¬ 
ment of the first central generating station 
in New York. Later came the introduc¬ 
tion of the single-phase a-c. system by 
William Stanley, and still later the multi¬ 
phase a-c. system which at present is in 
almost universal use. 

Early Electric Systems 

Speaking of some of the earlier systems 
which marked the development of elec¬ 
trical power networks Doctor Rice re¬ 
marked that “all these systems were com¬ 
mercially successful; they grew rapidly, 
but' were highly individualistic, even 
antagonistic, and were limited to their 
respective fields.” Parallel with develop¬ 
ments in the electric power supply and 
central station fields, Doctor Rice men¬ 
tioned Sprague’s and Van Depoele’s elec¬ 
tric trolley systems, as being really the 
foundation for modern electric transporta¬ 
tion systefhs. 

WrilT of the Future? 

Departing from the past and present 
remarkable developments in the electrical 
art, Doctor Rice next had something to 
say about what might be expected of the 
future: “We of the engineering fraternity 
naturally think of the recent period as the 
electrical age,” he said. “Hut these elec¬ 
trical and mechanical discoveries and 
inventions are not all. Similar progress 
has been made in chemistry, in biology, 
in astronomy, and in many other direc¬ 
tions. ... 

‘ ‘Why this sudden outburst of scientific 
achievement, so broad and general that 
our times may be aptly termed ‘ The Age 
of Applied Science? ’ The reason is clear: 
Men have found a way successf ully to 
interrogate nature, to discover her secrets, 
to learn her laws, and then to put this 
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information to practical use. Scientific 
research is the common name for this new 
tool. ... 

“No one knows the correct answer to 
the question as to whether or not we have 
reached the end of our'njaterial progress^ 
foul; in view of the short time that man 
hSiS used this new intellectual tool, and, 
moreover, when one considers the immens¬ 
ity and complexity of nature, it is reason¬ 
able to believe thaf if the same methods 
continue to be employed, progress also 
will be continuous. 

“Therefore no limit is in sight, pro¬ 
vided, and this is an important proviso, 
that man himself does not call a halt. 
The forces of ignorance, tradition, and 
superstition are strong and view with 
some alarm the progress of science. There 
are many wlio say that these new methods 
have been too successful, especially as 
applied to the field of production, and 
point to our great surplus of material 
things, to the increase in ‘technological 
unemployment,’ and all the tragic cir¬ 
cumstances of our present depression in¬ 
cluding the paradox of poverty in the 
midst of plenty. 

“The engineer refuses to believe that 
the world’s troubles can be laid at his 
door. He places most of the blame upon 
the waste and extravagances of war and 
misdirected economic effort, to the stimu¬ 
lation of high pressure sales methods, the 
over-pledging of future wages and income, 
and feckless speculation in inflated values. 
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cquraged in the minds of i5s followers what master? y . . If our legal ddctots who 
may be ealled the scientific point of view: make and interpret our laws remain 
“One wKo possesses this scientific point ignorant <uf the new heaven and the new 
qf view is inclined to be modest and toler- earth* what Will happen to the* poor Jbe- 
ant of others; he searches for the> truth; wildered common citizen, 
he hunts jur facts which, if found, become “However, I think we may fa^e the 

,‘his guide. He tries to see things as" they future with courage, as the expansion or 
exist, not,as he has wished them to be; educational facilities-in recent years has 
naturally he'is honest with others but been "accompanied by an increase in the 
even more important, he is honest with study of science in our-schools and eol- 
himself .in,,thought and in action. It is leges. This may enable the new genera- 
vitally important for our future welfare turn to.meet the newprojfiemswith intel- 
that our lawyers secure--^n education in ligence and success. After all, the forces 
science at least equal to’their legal train- of reaction and ignorance cannot prevail " 
ing. I single out the legal profession be- permanently in a country in- which the 
cause the lawyer is today our political voters are properly educated.” 

o „ 

* 
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Dr. Michael I. Pupin 

Receives 1932 John Fritz Medal 

•*% 5 

Following Edison Medal presenta- and without knowledge of the language of 
tion Wednesday evening, January 27,1932, this country. Many would say that he 
the 1932 JohmFritz Medhl was presented had nothing; but this would fail to recog- 
to Dr. Michael Idvorsky Pupin, “scien- nize the things which he had. He had 
tist, engineer, author, inventor of the tun T good health, character, ambition, a mind 
ing of oscillating circuits and the loading eager to find knowledge and to use it, and ^ 
of telephone circuits by inductance eoils.” high ideals. This evening i .have been 
Doctor Pupin is an honorary member and selected as the spokesman of four great 
past-president of the A.I.E.E., and was engineering societies whose represent%- 
the recipient of the Edison MedaMn 1920. tives are gathered here to pay a tribute 
The John Fritz Medal is an honor of esteem and affection to him. 


Scientific Methods Must Be 
Continued 

“While it may be admitted that there 
is no universal panacea and no get well 
quick cure, it would seem reasonable to 
expect real improvement if, for example, 
the same scientific methods which have 
been so effective in increasing production, 
could be brought to bear upon the prob¬ 
lem of control and of balancing production 
against ultimate consumer demands. No 
claim is made that scientific ipen or engi¬ 
neers have a monopoly of wisdom or of 
brains; but it would seem tihat the meth¬ 
ods which have proved so successful 
might be applied to the solution of the 
more complex social problems to the great 
advantage of all the people. Therefore 
instead of yielding to the forces of reac¬ 
tion, it is our duty to make strenuous 
effort to extend the use of the scientific 
method. This can be done only by 
education. 

“Every man and woman should have 
the benefit of an education in the funda¬ 
mental facts and methods of science. 
Every professional man should learn 
enough to understand something of the 
physical nature of the world, as well as of 
his own body. Science, in addition to 
creating all these new arts and new knowl¬ 
edge, may be accredited with something 
finer and more important. It has en- 


awarded by sixteen representatives of the 
four national engineering societies: Ameri¬ 
can Society of Civil Engineers, American 
Institute of Mining and Metallurgical 
Engineers, American Society of Mechani¬ 
cal Engineers, and American Institute of 
Electrical Engineers. It was established , 
in memory of John Fritz of Bethlehem, 
Pa., one of America’s great pioneers in 
the iron and steel industries. The medal 
is of gold and is awarded not oftener than 
once a year for “notable scientific or in¬ 
dustrial achievement, without restriction 
on account of nationality or sex. ” 

This portion of the Wednesday night 
session was presided over by William S. 
Lee, junior past-president of the A.I.E.E. 
as chairman of the John Fritz Medal 
board of award. Mr. Lee introduced as 
the next speaker Bancroft Gherardi, past- 
president of the A.I.E.E. and vice-presi¬ 
dent and chief engineer of the American 
Telephone and Telegraph Company. 
Mr. Gherardi spoke at some length re¬ 
garding the life and achievements of 
Doctor Pupin; his address follows. 

Mr. Gherardi Outlines 
Doctor Pupils Achievements 

“Fifty-eight years ago, late in the win¬ 
ter of 1874, a young Serbian landed at 
Castle Garden. He was without money 
or property, without friends or influence, 


“Limitations of time compel silence 
upon Doctor Pupin’s early struggle for an 
education, and his studies at Columbia 
University, at Cambridge (England) and 
at the University of Berlin; except only 
this: that no one can read the account 
which he gives of this period of his life 
in his wonderful autobiography without 
being convinced that in the earlier influ¬ 
ence of his mother, and in the period in 
which he was getting his education, was 
laid the foundation upon which rest his „ 
many achievements during a long and 
varied career. From the time of his con¬ 
nection with the staff of Columbia Uni¬ 
versity, the story of his life is a continuous 
record of contribution to our knowledge 
and our methods of thought. Of these 
only a few high spots can be mentioned 
this e vening. 

Invention of Loaded Telephone 
Line Well Timed 

“Perhaps because I am a telephone 
engineer, I am starting by referring to 
his invention of the loaded telephone line. 
For several years prior to Doctor Pupin’s 
work which led to his inventions and 
patents on this subject, it was known that 
the addition of continuously distributed 
inductance to a telephone circuit would 
add to the transmission efficiency of the 
okcmt; that is to say, it would diminish 
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the losses of the telephone current during 
its passage through the wires. It Tiad 
■ been suggested that similar results should 
„ follbw from the placing of inductance coils 
at intervals in the circuit. This had even 
«been tried experimentally without favor¬ 
able results. By mgans of a beautiful 
mathematical investigation Doctor Pupin 
established the fact that it was not suffi¬ 
cient to place inductance at intervals in 
the circuit, but that the inductance must 
be designed with reference to the circuit 
. conditions and must be^iniformly spaced 
at intervals having a relationship to the 
shortest'waves whiah it was desired to 
transmit.. He confirmed the results of his 
. mathematical investigations through a 
brilliant series of laboratory experiments 
and incaddition he designed and demon¬ 
strated the advantages of the toroidal 
j &pe of loading coil—a design which 
fundamentally has persisted even to the 
present time, although it dates from over 
thirtyyearsago. ♦ 

“Doctor Pupin’s patents*were acquired 
by the Bell Telephone System and from 
that day to this his inventions have* 

» played a fundamental part in long, dis¬ 
tance telephony. The time at which 
Doctor Pupin made these inventions was 
^ most opportune: They came just when 
** telephone engineers were confronted with 
Serious problems in the extension of long 
4istan.ee telephone service over greater 
and greater distances, and also when, due 
to the unfavorable effects of non-loaded 
telephone cables, very serious problems 
were. arising in the planning of long dis- 
tanca lines. These problems 4 were partic¬ 
ularly difficult where the numbers of cir¬ 
cuits required were so great thflt overhead 
open wire constructions presented for¬ 
midable difficulties, and where the lines 
had to be brought into large cities.• 

■ “As part of the mathematical investi¬ 
gation of the loading problem* Doctor 
J^pin developed a mathematical theory 
> of certain forms of artificial lines or elec¬ 
trical networks. Such artificial lines 
today haVe numerous important applica¬ 
tions in the communication art. 

: . Originated Tuned Circuit 

“Doctor Pupin was the original dis¬ 
coverer of the electrieiEffiy tuned circuit, 
that is, of the possibility of so proportion¬ 
ing the electrical characteristics of a cir¬ 
cuit that it would respond energetically 
to any predetermined a-c. frequency. 
The electrically tuned circuit is used to¬ 
day kuevery important branch of the 
electrical art, in telephony, in telegraphy, 
in power transmission, and last but not 
v c l^st, in radio systems, It was first used 

■ by him and then by others in the analyz- 
jug of alternating currents, that is to say, 

tM* separation into the different foe- 
, fluencies of which they were .composed. : , 
In a way Doctor Pupin was unfortunate 

■ vs |ke time in which he made this inven¬ 



tion. At the time, that he made the 
invention, the radio art was .practically 
non-existent and for many years there¬ 
after it was used only for incidental and 
specialized purposes. Today, however, 
practically every home contains an elec¬ 
trically toned circuit in the radio receiv- • 
ing set; but Doctor Pupin’s discovery was 
so far ahead of the development of radio 
and therefore of the general use of tuned 
circuits that few ?ealize.that, ff this con¬ 
tribution of his^were to be removed from 
the radio systems of the present day, 
they would no longer function. 

“Irgmediately upon the discovery of 
the X-ray, Doctor. Pupin made two im¬ 
portant contributions. He was the first 
to discover the phenomenon of secondary 
X-ray radiation; that is, that when X-rays* 
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. John Fritz Medalist for 1932 with 
the citation of “scientist, engineer, 
author, inventor of the tuning of oscil¬ 
lating circuits and the loading of 
telepnohe circuits by inductance coils” 

strike on any matter, that matt^p becomes 
itself a source of X-ray radiation. This 
fact was not only important in itself, but 
it contributed to - many other scientific 
advances in X-ray work. Doctor Pupin 
did much experimental work in X-ray 
photography and he was, I believe, the 
first in this country to make an X-ray 
picture with the aid of a fluorescent screen. 
The advantage of this method over those 
previously used was that it Enormously 
shortened the time necessary for the 
photographic exposure and made it pos¬ 
sible to take X-ray pictures in many 
medical and surgical cases where, without 
R short exposure it would not be praeti- 
cable to get an effectiveX-ray picture. 

“Doctor Pupin was the first to suggest 
the use of ah electrical rectifier in’ coil- 
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nection with the receiving of radio signals. 
While his origirfal invention made use of 
an electrolytic type of rectifier cell, his 
invention was broad enough to cover the 
use of any type of rectifier element. Here 
•again Doctor Pupin was unfortunate, ip 
that his invention was so far ahead of tfte 
development of the radio art that it was 
many years after his work was done before 
there was any extensive opportunity to 

rise this contribution practically. 

* 

An Educator as Well as a Scientist 

“Doctor Pupin has had an important 
part in the building up of the scientific 
and engineering departments of one of our 
greatest educational institutions—Co¬ 
lumbia University. He has npt only con¬ 
tributed much in this way, but the gradu¬ 
ates of Columbia who studied under him 
in many cases have made distinguished 
records in the fields of science and engi¬ 
neering. Of the many, I shall only men¬ 
tion two—Dr. Robert A. Mil likan and 
Dr. Gano Dunn, a past-president of the 
A.I.E.E. These and many others-testify 
with the greatest enthusiasm to what 
they owe to Doctor Pupin’s teaching and 
to his inspiration. 

“During the war, Doctor Pupin had 
an important part in starting the Na¬ 
tional Research Council. The purpose of 
this body as defined by President Wilson 
in his executive order with reference to it 
was: stimulating research in mathemati¬ 
cal, physical, and biological sciences, and 
in the application of these sciences to 
engineering, agriculture, medicine, and • 
other useful arts, with the object of in¬ 
creasing knowledge, of strengthening the 
national defense, and of contributing 
in other ways to the public welfare. 
Throughout the period of our partici¬ 
pation in the war, Doctor Pupin devoted 
his abilities and his boundless energy to 
the vital problem of submarine detection. 

i .. \ ’ 

“From Immigrant to Inventor” 

“No statement of Doctor Pupin’s 
achievements? however brief, could omit 
the mention of his autobiography, ‘From 
Immigrant to Inventor.’ It is in itself a 
contribution to literature, to science, and 
to education, and a wonderful study in 
the process of Americanization. From 
this book many native-born Americans 
can learn something of the spirit and aims 
of our country. ° 

“Doctor Pupin’s honorary degrees, his« 
membership in Societies and his presiden¬ 
cies of them, his American, and foreign 
decorations, medals and awards, are too 
numerous to mention; but they testify to 
the judgment of others as to his person¬ 
ality and his work. In 1921 the A.I.E.E. 
awarded to him the Edison Medal, the 
highest honor which the Institute could 
confer. Now three other great engineer¬ 
ing societies, ciyil, mechanical, and 

: v • • ; ;* • ••V r• •;'fv ! ‘ 

■ • EUBCTRICAL ]ENQINEEaRING •>" 







mining, have joined with the electrical 
engineers in awarding to'him their grea*t 
joint honor. « * 

‘ ‘Doctor Pupin, I salute you: an inven¬ 
tor who has made important contributions 
tp &he application of electromagnetism to 1 * 
the uses of man; a scientist who has added 
important facts to our knowledge of 
science and contributed to scientific 
idealism; an educator who not only has an 
enviable record as to those who have 
studied under him, but who has advanced 
the cause of education; a citizen who has 
contributed much to this country; an 
American who is proud of the country of 
his adoption, and of whom his country 
is proud.” 

Following Mr. Gherardi’s address, Mr. 
Lee presented the medal and certificate 
to Doctor Pupin with fitting remarks, to 
which Doctor Pupin responded as follows: 

Doctor Pupin Responds 

'‘As I*sat here,” began Doctor Pupin 
“listening to the kind eulogy, the generous 
eulogy, of my good friend, Bancroft 
Gherardi, I could not help recalling to 
memory some of the faces of the peasants 
in my native village who were my school¬ 
mates over 65 years ago. I saw them as 
if in a vision, sitting right here in the 
front row, looking around, dazed, wonder¬ 
ing. One of them asked me, ‘Michael, 
how in the world did you manage it? 
How, many saints and angels, tell us, 
guided you on your way from the humble 
pasture lands of our little village to this 
glorious palace of American engineers?’ 

“To them X answer, ‘Some day I will 
send you a translation of the beautiful 
speech of Bancroft Gherardi, which will 
answer the question better than I can.’ 
... At every j>oint of my uphijl road, I 
met generous encouragement. Among 
these, I must mention the generous en¬ 
couragement of my Alma Mater, Colum¬ 
bia College. Without its scholarships, 
fellowships and facilities for scientific re¬ 
search work, I should have bben unable 
to contribute even the little I have con¬ 
tributed in the scientific fidld. In fact, 

I wouldn’t be hero this evening. 

‘ ‘ Their generous spirit is the same as the 
generous spirit of the John’ Fritz Medal 
board which conferred upon me this very 
distinguished honor. I accept it; I accept 
it gladly. X am proud of it and I promise 
that I shall always consider it as a token 
of the generous spirit which I met at 
©very step in this blessed land. 

“Now, my friends, permit me to change 
my line of thought. I have been requested 
to address you and deliver to you, if possi¬ 
ble, a message from the field in which X 
toil as an humble worker. That field is 
the field of power, of heat and electrical 
power.” 

IThe remainder of Doctor Pupin’s ad¬ 
dress may be found on p. 156-7 of this 
issue.] 
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’ Hold Meetings During Winter Convention 


< DuRING the 1932^ winter convention in 
New York, IsT. Y., January 25-29, meet¬ 
ings were held by several of the Institute’s 
general and technical committees. Pro¬ 
ceedings oMhese lpeetiri&s are summarized 
in the following paragraphs, except the 
standards committee meeting which is 
reported under the “Standards” depart¬ 
ment of this issue. • ' * 

* 

Student Branches 

* Previously, this committee had been 
authorized to get out a booklet telling 
what the electrical engineer is, what he 
does, what type of man makes the best 
engineer, what qualities he should have, 
and what education he should be given. 
This was prepared with the object of giv¬ 
ing high school students some definite 
information concerning electrical engi¬ 
neering in ord$r to discourage those who 
should not go into it, and to encourage 
those who should. Following the distri¬ 
bution of two copies of this booklet to 
each of a selected list of 1,500 of the lead¬ 
ing high schools in the country, requests 
for 12,000 copies were received, 2,000 
more than the original edition. A 

Because of the widespread and enthusi¬ 
astic approval which this booklet met, the 
committee at its meeting voted unani¬ 
mously to ask the board of directors to 
authorize the printing of an additional 
20,000. (The board of directors later 
authorized the printing of 10,000 addi¬ 
tional copies at present.) 

The second of the two most important 
problems discussed at this meeting was 
that of arranging attractive programs for 
the student Branches, on the subject of 
safety. A bibliography to be prepared by 
the committee and a paper by Prof. C. F. 
Scott on this subject, are expected to be 
sent to all Branches, It was proposed 
that one type of meeting might consist of 
a paper b^r a student on "What Safety 
Means in Industry,” accompanied by a 
demonstration of the prone pressure 
method of resuscitation from electric 
shock. It was voted that the committee 
arrange definite plans for conducting 
safety instruction through the student 
Branches. 

Technical Program 

• ** * • ’ • .. / ... 

Plans for the summer convention pro¬ 
gram were discussed by the technical 
program committee, and it was decided 
to include a session on protective devices 
in place of a session on application to iron 
and steel prodHfftion* due to a conflict in 
date with the national convention of the 
Association at Iron and Steel Electrical 


Engineers. Also it was decided to &dd 
sessions on power 'generation, and on 
electrochemistry and electronfetallurgy. 
The sessions which it is mow planned to 
hold during the summer convention are; 
transmission and distribution, communi¬ 
cation, automatic? stations, electrical ma¬ 
chinery, research, education, protective 
devices, power generation, electrochemis¬ 
try and electrometallurgy, and selected 
subjects. 

In connection with the number of pages 
available for printing, a discussion took 
place on the value of printing the techni¬ 
cal committee reports submitted yearly 
by the various technical committees. It* 
was decided that the question as to 
whether or not committee reports should 
be published, would be left to the discre¬ 
tion of the technical committee chairmen. 

- It was believed that section 89 of the 
by laws requiring that manuscripts of 
papers to be presented be received not less 
than ninety days before the date of pres¬ 
entation should be enforced, and there¬ 
fore it was voted that “the iianuseripts 
tentatively scheduled for the summer con¬ 
vention must be receded at Institute 
headquarters, in complete form, by 
March 20, 1932, and where papers are 
not received those available on the 
docket will be substituted.” 

Automatic Stations 

fS 

The automatic stations committee de¬ 
cided to request allotment to this com¬ 
mittee of one session at the coming sum¬ 
mer convention. Among the papers 
available are two on operating data and 
experiences with automatics, and two de¬ 
scribing new devices. 

It was decided to give further con¬ 
sideration to revisions of standard desig¬ 
nations. A discussion was held concern¬ 
ing the various automatic schemes used 
with communicating circuits such as 
supervisory control and remote indica? 
tion. A, subcommittee was appointed to 
correlate these schemes with the various 
forms of communicating circuits available. 
In considering reclosing cycles on a-c. 
automatic reclosing circuit breakers, it 
was decided to investigate the present 
tendency to use only one or two reelosures 
instead of the usual three, and the>use of 
practically instantaneous operation on 
the first reclosure. • * 


Education 


At the meeting, of the committee on 
education, an attempt was made to deter¬ 
mine the proper sphere of activity and 
responsibility of this committee. Without 
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much guiding precedent this was a rather 
complicated matter, but the •following 
fi%e lineffof activity were adopted. 

Post-college education is to be en- 
cour^ed at all Sections where there may 
*seean to be need for such work. It is 
contemplated that thfe.pl an of post-college 
education proposed by Prof. Edwartl Ben¬ 
nett in 1929, and whicli has met with such 
gratifying success in the Chicago Section, 
be used. 

Educational work foi;unemployed engi¬ 
neers is to be promoted wherever possible, 
in line ^ith the plan employed at Colum¬ 
bia University,* Ohio State University, 
and Massachusetts Institute of Tech¬ 
nology, where unemployed engineers may 
sit in Jecture* courses without charge and 
without credit. It also was decided to 
urge the board of directors to encourage 
•the work of the committee on student 
branches in supplying to high school stu- 
' dents reliable information regarding engi¬ 
neering. The committee, endorsed the 
work being done by the Society for the 
Promotion of Engineering Education in 
connection with summer schools for engi¬ 
neering teachers. The session on educa¬ 
tion to be presented at the summer con¬ 
vention also was discussed. 


EIectrical Machinery 


• Three major items were considered at 
the meeting of the electrical machinery 
committee. A request from the standards 
committee, to proceed with the prepara¬ 
tion of test codes on other apparatus simi¬ 
lar to the transformer test code previously 
prepared by the toansfonqpr subcom¬ 
mittee, was considered. Because the 
purpose of this test code is to enable 
operators and others not familiar with 
electrical design to carry out tests on elec¬ 
trical machines, the subcommittees on 
synchronous, induction, and d-c. ma¬ 
chines were asked to prepare test codes 
in their respective fields. These will 
supplement present standards. 

Technical programs for the Providence 
meeting and the Cleveland convention 
were discussed, and plans were made for 
one session on electrical machinery at 
each., 

The practise of surge voltage testing of 
transformers is now general, but because 
of the many difficulties in specifying test 
conditions and requirements to be fulfilled 
no standards have been prepared on this 
subject. It was the opinion of the com¬ 
mittee that the formulation of such stand¬ 
ards should now be attempted, and the 
transformer subcommittee therefore is 
planning to undertake this work in the 
immediate future. 

Electrochemistry and 
Electrometallurgy 

, At the meeting of the committee on 
electrochemistry and electrometallurgy, 
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papers for presentation at the s umm er 
convention were considered and sugges¬ 
tions offered both as to the papers to be 
presented and the material which migfit 
a'dvisably be included in them. 

The desirability was considered of se¬ 
curing {he cooperation of the Institute in’ 
plans now in process of formation by the 
American Electrochemical Society for a 
Faraday centennial ceremony to be held 
during the World’s Fftir in Chicago in 
1933. The organization of the member¬ 
ship along more effective lines also was 
considered, and it w#s decided to obtain 
the Witten comments of each member be¬ 
fore submitting recommendations to the 
directors. 

Electrophysics * 

Three matters were taken up at the 
meeting of the committee on electro¬ 
physics. First, there was a discussion of 
the general matter of the definition of 
electric and magnetic units, and of sys¬ 
tems of units. The electrophysics com¬ 
mittee has taken no formal action in this 
matter, of course, but h£s sent a com¬ 
munication to the standards committee. 
At the present time there is much active 
work under way«on this subject on vari¬ 
ous organizations. Second, the general 
manner of reviewing of papers was dis¬ 
cussed. ’third, the committee discussed 
the geiftral subject of the extent to which 
papers on electrophysics are being secured 
prompt and effective publication in the 
A.I.E.E. publications. 

Instruments and Measurements 

At the meeting of the committee on 
instruments and measurements, the activ¬ 
ities of the subcommittees were reported 
and record made of the fact that the sub¬ 
committee on recording-instrument stand¬ 
ards had completed its work. These 
standards were submitted to the standards 
committee for adoption. Similar action 
also had been taken in the case of the 
standard set of definitions dealing with 
telemetering. 

A previously arranged joint meeting 
with the subcommittee on definitions for 
instruments and testing also was held. 

A considerable part of this meeting was 
concerned with a discussion of proposed 
changes in these definitions, and the 
authorization of a special subcommittee 
to act for the instruments and measure¬ 
ment committee so that the work on 
definitions of instruments .and testing 
could be concluded as speedily as possible. 

Power Generation 

The committee on power generation 
received the reports of several subcom¬ 
mittees, and discussed plans under way 
for the preparation of papers for presen¬ 
tation at the coming summer convention. 


The recent notable proTgress in the use of 
higlftemperature and high pressure steam 
was reviewed and a paper now being pre¬ 
pared was discussed with special reference 
to modem methods of fabrication in which 
'electricity played an important part. 
Power system interconnection was dis¬ 
cussed, and it was pointed out that the 
main dearth of information now lies in 
papers describing the aetual operating ex¬ 
perience of .large interconnected systems. 
Other papers also now are under prepara¬ 
tion on the subjects of recent trends in 
power plant design and hydroelectric de¬ 
velopment. Further, a symposium is 
being prepared on the features of power 
station and system operation that contrib¬ 
ute to the economy and reliability in the 
service rendered by several power systems. 

Methods for securing continuity in the 
work of the committee were discussed, 
and for this purpose the drafting of an 
interim progress report for 1932, rather 
than the customary complete purvey of 
current progress in power generation nor¬ 
mally made at intervals of two years, 
was considered. 

Power Transmission and Distribution 

Reports from the various subcom¬ 
mittees were received first at the meeting 
of the power transmission and distribu¬ 
tion committee. The present set-up of 
subcommittees was approved. The ses¬ 
sions to be held and papers to bfi pre¬ 
sented at the next few meetings and 
conventions of the Institute were dis¬ 
cussed, and papers for several of these 
definitely selected. For the summer 
convention the question was raised as to 
whether the session should be devoted to 
papers on lightning, or to papers on me- 
ehaniearfeatures of transmission systems, 
particularly conductor vibration. Since 
several sessions have been devoted to 
lightning during the past few years, while 
the mechanical features have been neg¬ 
lected, it -vpirS decided to devote the session 
to conductor vibration. 

A general„report on transmission and 
distribution in the United States is being 
prepared by members of this committee, 
for presentation at the International Elec¬ 
trical Congress in Paris, France, this 
summer, and it was brought out that this 
is to be a comprehensive report and should 
be of considerable reference value. 

Transportation 

A list of papers proposed for future 
technical sessions was discussed at some 
length during the meeting of the trans¬ 
portation committee. Following that, 
the chief discussion centered on the ques¬ 
tion of requirements for motive power. 
It was agreed that this is a most important 
subject, and one which had been touched 
upon very slightly in Institute meetings. 

It was suggested also that the subject be 
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broadened to include track maintenance 
as a function of axle loadings and«otl^er 
features, and to include design of in'otive 
power. A suggestion was made that the 
subject might be developed by means of a 
questionnaire, possibly in cooperation 
with the engineering division of the 1 
American Electric Railway Association. 

Thansmission Towers and Conductors 

An independent meeting’of the sub¬ 
committee on steel transmission towers 
and conductors was held, taking the form 
of an annual gathering in which reports 
from different groups in the subcommittee 
were read. Some of the recent develop¬ 
ments in theory and practise in connec¬ 
tion with transmission towers and con¬ 
ductors were discussed, including the 
possibilities of covering these subjects in 
technical papers. Some of these subjects, 
although not actively followed by the 
subcommittee, have been checked from 
time to time to see that they get their 
due publicity, it being the aim of this 
subcommittee to foster as far as possible 
the writing and presentation of papers 
dealing with subjects that are of present 
day interest. 

Among the subjects discussed were the 
development of hinged crossarms on steel 
towers, the investigation of embrittle¬ 
ment of hot-dipped galvanized steel, a 
new straight-line column formula, and a 
proposal for the drafting of requirements 
for modern steel tower lines as regards 
clearances and electrical characteristics 
The present status of studies of vibration 
of electrical conductors was reviewed. 

Lightning and Insulators 

At the meeting of the lightning and 
insulator subcommittee of the power 
transmission and distribution committee, 
the three preferred impulse test waves 
(J4X5, IX10, and 1^X40 microsec.), 
previously adopted by the „ committee, 
were discussed and the following agree¬ 
ments reached. „ 

1. These three waves are to be recommended for 
use In securing impulse data on Insulators and 
Insulation. 

2. These waves could be secured without dif¬ 
ficulty in any recognized laboratory today. 

3. It was advisable for the laboratory making 
impulse tests to check the impulse wave ob¬ 
tained from the oscillograph with the calculated 
wave. 

*4. In all cases, impulse data given out to the 
engineering field should be accompanied by a 
record of the actual wave used in test. 

It is believed that the above procedure 
will greatly clarify the present situation 
and enable those who use impulse data to 
obtain similar information from all manu¬ 
facturers and compare and use it on an 
intelligent basis. The committee plans to 
put complete recommendations on pre- 
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' furred impulse test waves, general methods 
of tests, etc., in the form of a-. paper for 
presentation in the near future. 

1 Past discrepancies in 60-cycle flashover 
of insulators were found to be due to 
different? humidities at the time of-, tests. 

1 Correction for this feature brings flash- 
over values within reasonable agreement. 

The desirability of using the same im¬ 
pulse wave for insulation testing as for 
lightning "arrester testing is recognized; 
but since the test conditions on arresters 
are inherently different .from those on in¬ 
sulation, it was agreed that no logical 
basis for using the same impulse, waves 
for both types of test exists. 

It was agreed that the impulse eharac- 
. teristics of protective or coordinating gaps, 
should be obtained; and it was believed 
that this information would become avail¬ 
able when similar information on bushings 
is obtained and made public. 

The beneficial effects indicated by the 
use of the so-eallec^ counterpoise in reduc¬ 
ing lightning troubles on transmission 
lines were discussed. The limited number 
of such installations is being closely fol¬ 
lowed, but fu»ther experience is necessary 
before final conclusions are made. 


Great Lakes 
District Meeting 

Arrangements essentially have been 
completed by the local committee for the 
three-day meeting of the A.I.E.E. Great 
Lakes District to be held at Milwaukee, 
Wis., March 14-16, 1932, with headquar¬ 
ters in The New Pfister Hotel. A tenta¬ 
tive technical program and information 
about hotel rates were published in Elec¬ 
trical Engineering, February 1932, p. 
133. The few minor changes in the tenta¬ 
tive technical program made since the 
first announcement are outlined in the 
following paragraph. 

“Normal Frequency Arcover Values As 
Affected by Size and Humidity” by H. A. 
Frey and K. A. Hawley, Locke Insula¬ 
tor Corporation, has been added to the 
Wednesday morning session. The paper 
on “Factors Affecting Sparkover of Insu¬ 
lators and Bushings” by W. L. Lloyd, 
General Electric Company, formerly 
scheduled in the Tuesday morning session, 
has been transferred to the Wednesday 
morning session to bring together all of 
the papers on insulator sparkover. To 
make roonffor these and keep the number 
of papers per session nearly uniform, the 
two papers on mercury arc rectifiers were 
transferred to the Tuesday morning ses¬ 
sion. - 

A student session also will be held on 
Monday at 2 p.m. and selected papers 
will be presented by students of the Great 
Lakes District. 


■* ••••■*•. , • « 

Research Assistantships 

Offered by U. of Illinois 

• 

To assist in the conduct of engineering 
research and to extend and strengthen the 
field of its graduate work in engineering, 
the University of* Illinois maintains four¬ 
teen research graduate assistantships in 
its engineering experiment station. Two 
other such assistantships have been es¬ 
tablished under the patronage of the Illi¬ 
nois Gas Association. These assistant- 
ships, for each of which there is an annual 
stipend of $600 and^reqjiom from all fees 
except the matriculation and diploma fees, 
are open to graduates of approvedAmeri- 
can and foreign universities and technical 
schools who are prepared tq undertake 
graduate study in engineering, physics, or 
applied chemistry. 

Appointments are made and must b§ 
accepted for two consecutive collegiate 
years of ten "months egch, at'the expira¬ 
tion of which, period, if all requirements 
have been met, the degree of Master of 
Science will be conferred. Half of the 
time of a research graduate assistant (ap¬ 
proximately 900 clock hours for each ten- 
month period) is required in connection 
with the work of the department to which 
he is assigned. + * 

Nominations to these positions, accom¬ 
panied by assignments^to special depart¬ 
ments of the engineering experiment st3r- 
tion, are made from applications received 
by the director of the station each year 
not later than the first day of April. Pref¬ 
erence is given those applicants, who 
have had sbme practical engineering ex¬ 
perience following the completion of 
undergraduate work. Appointments are 
made in the spring, and become effective 
the first day of the following September. 
Research work and graduate study may 
be undertaken in architecture, architec¬ 
tural engineering, ceramic engineering, 
chemistry, civil engineering, electrical engi¬ 
neering, mechanical engineering, mining 
engineering, municipal and sanitary engi¬ 
neering, physics, railway engineering, and 
theoretical and applied mechanics. Addi¬ 
tional information may be Obtained by 
addressing The Director, Engineering 
Experiment Station, University of Illi¬ 
nois, Urbana, Illinois. 


Illuminating Engineers Convention An¬ 
nounced.—The twenty-sixth annual con¬ 
vention of the Illuminating Engineering 
Society has been announced for tjie week 
of September 26, 1932, and is to be held 
at the New Ocean House, Swampscott, 
Mass. Officers of the society are; presi¬ 
dent, J. Daniels, Boston, Mass.; vice- 
presidents : J. W. Barker (F’30) New 
York, N. Y. and J. L. Stair, Chicago, 
Ill.; general secretary: E. H. Hobbie, New 
York, N. Y.; and treasurer, A. L. Powell, 
New York, N. Y. 
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F. L. Hutchinson 

• . * 

• * Succumbs to Heart Failure 


A .**, 

N UNTIMELY END oame to a 
noble career whep deatli stilled the coura¬ 
geous, fighting heart of F. L. Hutchinson, 
well beloved national secretary of the In- 
• stitute, at 12:3(5 a.m., # Feb. 26, 1932. 
* Literally a martyr to the cause of his 
chosep. life work, Mr. Hutchinson gave 
► to Institute problems so generously of 
his indefatigable energies that he was 
unable* to withstand the attack of heart 
trouble which* finally took its fatal toll. 
The membership of the Institute has lost 
a leader militant in the defense of its 
best interests; the officers an able 
and willing team mate; the staff 
a kindly, keenly alert, inspiring 
taskmaster; and His family a de¬ 
voted companion. 

» Early Experience 

Frederick Lane Hutchinson was 
• bom in Elizabeth, N. J., April 2, 

1866- He began his business ex¬ 
perience in the service of the 
Pennsylvania Railroad Company 
in one of its principal offices in 
New York City, where he had 
several years’ experience in ac- 
' counts, correspondence, and gen¬ 
eral office work. In 1889-he 
entered Cornell University qjid 
was graduated from the electrical « 
engineering course in 1893, when 
he entered the employ of the 
Westinghouse Electric and Manu¬ 
facturing Company. After several 
years’ experience in ihe manufac- 
turing, testing, engineering, and 
• sales departments in Newark, 

N. J., New York City, and Pitts¬ 
burgh, Pa., he was transferred 
to the publication department, 
where for several years he was 
employed in preparing the techni¬ 
cal literature of the Westinghouse 
company; 

In. 1901 he became manager of 
the publication department of the 
C. W. Hunt Company, New York, 
and in the following year became 
advertising manager of the National 
Electric^ Company of Milwaukee, Wis. 

A year later he was made manager of 
electrical sales for the same company. 

A.I.E.E. Work 

In 1904 Mr. Hutchinson returned to 
New York and undertook some special 
vrbrk on the Transactions of the Ameri¬ 


can Institute of Electrical Engineers. 
Gradually f the scope of his work was in¬ 
creased until, in ^February 1908, upon 
recommendation of Secretary ttalph W. 
Pope, he was appointed assistant secre¬ 
tary . Upon Secretary Pope’s resignation 
after 27 years of servicp with the Institute, 
Mr*. Hutchinson was, in August 1911, 
appointed acting secretary by the board 
of directors. On January 12, 1912, the 
board of directors of the Institute unani¬ 
mously appointed him national secretary, c 
upon the unanimous recommendation of 



FREDERICK LANE HUTCHINSON 
.. 1866-1932 


the Institute’s secretary committee. 

Mr. Hutchinson became an Associate 
of the Institute in 1894 and-was trans¬ 
ferred to the grade of Member in 1913. 

He was thoroughly familiar with the i 
history and policies of the Institute, the i 
scope and duties of its numerous coin- • 
mittees and representatives, and Hie 
relations pf the Institute to other engi- ] 
peering and similar' organizations, both s 
in this country and abroad. He was one i 
V •• ’ -r’ ‘* ..-.".V • ■ . . * • • • :•. •• • * . 


of the delegates of the Institute to the 
World Power Conference, London, 1924, 
agid to the World Engineering Congress, 
Tokyo, 1929. He served as a member of 
various Institute committees, both before 
and after he became secretary. Immedi¬ 
ately prior to his death he was a member 
of committees having supervision of 
several important activities, including 
publications, coordination of Institute 
activities, award of Edison Medal, and 
maintenance of Institute headquarters. 
Mr. Hutchinson also was a representative 
of the Institute on the Assembly 
of American Engineering Council, 
the division of engineering and 
industrial research of the Na¬ 
tional Research Council, and on 
the Engineering Societies Library 
Board. He was an. enthusiastic 
worker for the development of 
the engineer and for the enhance¬ 
ment of the engineering profes¬ 
sion, and was identified with 
various joint endeavors of the 
national engineering societies and 
allied organizations the efforts of 
which were directed toward that 
end. * 

Institute Grew Rapidly 


His long experience as assistant 
secretary particularly qualified 
him for the duties of secretary. 
*At the time of his appointment 
the Institute had little more than 
one-third of its present member¬ 
ship, and its rapid growth and 
increasing activities made grow 
ing demands upon the secretary’s 
office, in meeting which Mr. 
Hutchinson displayed marked ex¬ 
ecutive ability. He combined a 
1 very pleasing personality with a , 
highly judicial temperament. 
With characteristic energy he 
mastered every phase of the In¬ 
stitute’s activities, and the direc¬ 
tors and governing committees of 
the Institute came to defer more 
and more to his judgment in all 
matters of Institute management. To 
every suggestion for the improvement of* 
the Institute or changes in its po lic y he 
accorded a careful and impartial con¬ 
sideration, and the fairness of his decisions 
gained the respect and confidence of all 
with ^hom he dealt. 7. 

As the work of . the Institute increased, 
Mr. Hutchinson gradually built up a 
small staff of assistants to whom he was 
the guide and inspiration. He inaugu- 
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rated a series of monthly office conferences 
at which reports of each of the depart¬ 
ments were presented and discussed. 
These conferences were marked by the 
utmost frankness and cordiality, and 
Mr. Hutchinson’s leadership encouraged-* 
tftie enthusiastic cooperation of his busi¬ 
ness associates. 

In addition to his Institute membership 


Mr. Hutchinson was a member of the 
American Association for the Advance¬ 
ment of. Science, the American Sociologi¬ 
cal Society, and the American Academy 
of Political and Social Science.' Mr. 
Hutchinson also was a member of the 
Engineers’ Club of New York, aryi of the 
Cornell University Club of New York. 

Mr. Hutchinson’s last illness really 


started prior to the recent winter con¬ 
vention. For two weeks he was down 
with a severe case of grippe frgm which 
he had not recovered when he returned to 
his office to take part in the rush of con¬ 
vention activities. Indomitable, Ae re* 
mained at his post lentil February 8, ttxen 
to return to his siclc-bed never to leave 
it alive. o 


F. L. Hutchinson as Seen by Some of Those with Whom He Has Worked 


CHARLES F. SCOTT <A’92, F'25, HM’29, 
president 1902-3)—Since Mr. Hutchinson 
entered Secretary Pope’s office as an assis¬ 
tant nearly 30 years ago the Institute mem¬ 
bership has increased from 1,800 to 18,000 
and its activities have increased in like 
ratio, lil this development he has been a 
quiet, constructive force. As secretary for 
a score of years he has shown rare tact and 
skill in carrying out the policies and in¬ 
structions of presidents and boards, while 
exercising his own good judgment and im- 
•pressiinghisownideas. Whileotherofficers 
have come and gone-be has been a con¬ 
tinuing, directive, creative factor in the 
development of the Institute. He was a 
wide reader and student of affairs, inter¬ 
ested in economic trends and social evo¬ 
lution, with high ideals of the responsibili¬ 
ties or the engineer as citizen. I realize the 
loss to our electrical group, and to the 
engineering profession. But to me there 
comes a keen sense of personal loss in the 
passing of my long-time associate and sym¬ 
pathetic friend. His enlarging vision and 
progressive ideals engendered increasing 
appreciation and regard. How deep these 
were I did not fully realize until the shock 
of the telegram announcing his death. 

M. I. PUPIN, (A’90, F’15, HM’28, presi¬ 
dent 1925-6)—1 have just received the sad 
news of the death of our national secre¬ 
tary. It is shocking news/ it will cast a deep 
shadow of sadness over our beloved Insti¬ 
tute, just as it has cast it over me. His death 
is an irreparable loss to the Institute and to 
all its friends and his friends. I am one of 
them. While presidentof the Institute I 
met Mr. Hutchinson often and got to know 
him quite intimately. I always admired him 
and loved him. ana when I got to know him 
more intimately I admired him and loved 
him even more. He was a loyal servant of 
the Institute and one of its most devoted 
members. His memory will live long in 
the hearts of our Institute membership and 
it Will be the memory of the most dis¬ 
tinguished servant of the Institute. 

GANO DUNN (A’91, F*12, president 
1911-12)—F. L. Hutchinson was a great 
Secretary. Asassistant to his beloved pred¬ 
ecessor, Ralph W. Pope, a fine loyalty long 
concealed bis abilities. Upon Mr. Pope’s 
elevation to the Honorary Secretaryship, 
during my presidency in 1911-12 {j the 
country was scoured ror a "big man” ap¬ 
propriate to the Institute's growth and in¬ 
creasing importance, but a trial period of a 
few months quickly discovered that we al¬ 
ready possessed him. We were in the posi¬ 
tion of the mariners dying of thirst off the 
mouth of the Amazon, who were signaled 
to cast their buckets overboard. Hutchin¬ 
son was an organization statesman whom 
the title of National Secretary did not 
adequately describe. His capacity for self- 


effacing leadership ufider successive presi¬ 
dencies of one-year terms contributed in 
unmeasured degree to developing the use¬ 
fulness of the American Institute of Elec¬ 
trical Engineers to her members and the 
i public, and to establishing her high rank in 
the respect of her sister societies and the 
engineering profession throughout the 
world. Solving his problems by methods 
that were creative and constructive, rather 
than controversial or regulatory, he knew 
the value of goodwill and cooperation 
untainted by self-interest. His word was 
his bond and his personality radiated humor 
and trustworthiness. Our Institute has lost 
her focus and thousands of her members a 
dear friend. 

FRANK B. JEWETT (A’03, F’12. president 
1922-3)—In the death of F. L. Hutchinson, 
the electrical engineering profession in 
America has lost much more than the. ser¬ 
vices of a highly efficient and effective 
secretary. To many members of the Insti¬ 
tute the news of his death will bring pangs 
of poignant grief in the knowledge that 
they have lost a sincere, kindly, and always 
helpful friend. For nearly two decades 
the development and growth of the Insti¬ 
tute to its present position as one of the 
great engineering societies of the world 
has been very largely influenced by Mr. 
Hutchinson. During nis occupancy of the 
secretarial office, presidents, no two of 
them alike in their methods or purposes 
have come and gone in a continuing pro¬ 
cession. To one and all Mr. Hutchinson 
proved to be a sound and discriminating 
counselor whose advice has insured the 
avoidance of many a pitfall. Probably none 
of us appreciate fully the extent to which 
this quiet, unobtrusive, but forceful man 
has been the guiding force which has di¬ 
rected the course of the Institute in new 
and uncharted waters or through the turbu¬ 
lent seas of potential discord which are 
always present when many men of many 
minds meet for discussion and action. Never 
seeking to take the center of the stage even 
when nis greater familiarity with anefunder- 
standing of some situation.would have made 
this easily possible, he nevertheless always, 
in his quiet way, offered exactly the right 
suggestion at exactly the right time. Many 
a brilliant piece of work for which some¬ 
one else was acclaimed the author was in 
the last analysis the embodiment of his 
mature conclusions. 

W. S. LEE (A’04, F’l3, president 1930-1) 
—It is with a sense of deep personal loss 
that 1 learn of the death of F. L Hutchinson. 
My close association with him during my 
term as president of the Institute afforded 
me an opportunity of knowing him inti¬ 
mately and of observing and appreciating 
his zeal and enthusiasm for the work of our 
organization and his indefatigable industry 


in its behalf. Not only was Mr- Hutchinson 
zealous in the cause of his own organiza¬ 
tion, but he was always ready and effective 
in his cooperation with other engineering 
and business organizations, and with the 
public in general. His ability to b*dng 
about effective coordination between our 
own and other organizations was unusual, 
reflecting not only the real capacity of the 
man but an earnestness of purpose and a 
sincerity that commanded the-, respect and 
admiration of all who knew him. Tin his 
passing not only the Institute but the engi¬ 
neering profession generally and the public 
have sustained a severe loss. 


C. E. SKINNER (A’99, F’12, president 
1931-2)—I was shocked beyond measure 
to learn of the death of National Secretary 
F. L. Hutchinson. The Institute has suffered 
an irreparable loss in his passing. Tor many 
years, as administrations came and went, 
Mr. Hutchinson has been th<p real guiding 
spirit of the Institute. To him far more than 
any other individual the Institute owes its 
present position among the national asso¬ 
ciations of the United States. He handled 
all of its relations with outstanding wisdom 
and unfailing tact. He was universally re¬ 
spected and admired by all who knew him 
whether it be through official contact or 
through mere, personal acquaintanceship. 
Presidents and boards of the Institute have 
depended upon him and haVe placed im¬ 
plicit confidence in his execution of the 
exacting duties of his office. His death 
comes as a great personal loss to me as it 
must to every member of the Institute who 
has ever made his acquaintance. 


C. W. RICE CA’97, F’l 2, secretary A.S.M.E.) 
—Mr, Hutchinson's contribution to every 
situation was constructive, broad-gaged and 
progressive. With an intimate, almost daily, 
association since 1904 when he first took 
up the work of the Institute, I cannot re¬ 
member a single instance where he took a 
position with respect to any subject that 
was not favorable to the accomplishment of 
the highest purpose of the project in hand. 
He was particularly able in clearing up a 
situation and had the invaluable habit of 
putting the matter under discussion in such 
shape that the group could act. In this 
process he gave his opinion with such 
courtesy that one could differ and the dis¬ 
cussion be absolutely impersonal. Thjn, 
with absolute mental honesty and unselfish¬ 
ness, he would phrase the consensus of 
opinion even though not with his own ap¬ 
proval. Every member of the Institute and 
every engineer with whom he ever came 
in contact will join in the tribute that Mr. 
Hutchinson directly contributed to the en¬ 
hancement of the prestige of the profession 
ahd by so doing advanced the influence of 
the Institute, 


* 
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Directors Meet r 

During Winter Convention 

The regular meeting of the board of 
directors of the American institute of 
Electrical Engineers was held at Institute 
headquarters, New Yolk, N. Y., January 
27,1932. * * 

There were present: President —C. E. 
Skinner, East Pittsburgh, Pa. Past - 
/president —W. Sk Lee, Charlotte, N. C. 
Vice-presidents —H. V. • Carpenter, Pull¬ 
man, Wash.; H. P. Charlesworth, New 
York, N. Y.; L.3- Chubbuck, Hamilton, 
Ont.; W. B. Kouwenhoven, Baltimore, 
Md.; I. lS. Moultrop, Boston, Mass.; and 
G. C. Shaad, Lawrence, Kans. Direc¬ 
tors —A. K. Bettis, Kansas City, Mo.; 
L. W. Chubb, East Pittsburgh, Pa.; A. B. 
Cooper, Toronto, Ont.; A. E. Knowlton, 
*New York, N. Y.; A. M. MacCutcheoh, 
Cleveland, Ohio; F. W. Peek, Jr., Pitts¬ 
field, Mass.; C. E. Stephens, New York, 
N. Y. National treasurer— W. I. Slich- 
ter. National secretary —F. L. Hutchin¬ 
son, New York, N. Y. 

The minutes of the meeting of Decem¬ 
ber 4,1931, were approved. 

Reports of meetings of the board of ex¬ 
aminers held December 22, 1931, and 
January 2pf1932, were presented and ap¬ 
proved. Upon the recommendation of 
Jihe board of examiners, the following 
actions were taken on applications pend¬ 
ing: 260 Students were enrolled; 413 
applicants were elected to the grade of 
Associate; 13 applicants were elected to 
the grade of Member; 26 were transferred 
to the grade of Member and one was 
transferred to the grade of Fellow. 

In aceordance'With a suggestion adopted 
at the conference of officers, delegates, 
and members held in June 1931, and upon 
the recommendation of the committee on 
coordination of institute activities, the 
board voted to take the following actions: 

1. The appointment of a national standing com¬ 
mittee on transfers, composed of five Fellows 
and Members and Including at least one member 
of the board of examiners, to prepare literature 
which will encourage members of the Institute 
who are fully qualified for the higher grades to 
Submit their applications, and to coordinate the 
activities of the Sections in connection with 
transfers. 

2. The encouragement of the appointment by 
each Section of a suitable committee to study 
the qualifications of its members and to urge 
those who are fully qualified for higher grades 
to apply for transfer. 

192$ Meeting Schedule Adopted 

A schedule of meetings for the calendar 
year of 1933, prepared by the committee 
on coordination of Institute activities, and 
including all requests for meetings that 
had been received by the committee, was 
adopted, as follows: January, winter con¬ 
vention, New York, N. Y.; May, North 
Eastern District meeting, Schenectady, 
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N. Y.; June 26-30, summer convention* 
Chicago, Jll.; Aug. or Sept., Pacific Coast 
convention, Salt Lake City, Ut§,h; Oct. 
or Nov., South West District meeting, 
St. Louis, Mo, 

The rules governing the award of 
national and district prizes were amended • 
to provide for competition, for both the 
national and district prizes for initial 
paper by graduate students who are mem¬ 
bers or enrolled Students of th8 Institute. 

• 

Sec. 34 of th»\by-laws was amended to 
read as follows (the amendment consists 
of the addition of the.words “having three 
or more Branches”): 

Sue. 34. To facilitate cooperation among the 
Student Branches, there shall be a committee on 
Student activities in each geographical district 
having three or more Branches, consisting of the 
vice-president, District secretary, and the 
counselors of all Branches within the District. 
The co mmi ttee shall elect one of the counselors 
as its chairman, and may elect such other officers 
as it deems desirable. 

• 

Approval was given to the dates, Octo¬ 
ber 10-13, of the Middle Eastern District 
meeting to be held in Baltimore in 1932. 

The board approved amendments to 
the by-laws of the* L am m e Medal com¬ 
mittee, providing for a change from Octo¬ 
ber 1 to November 1, each year, in the 
closing date for receipt at Institute head¬ 
quarters of nominations for the rned&l. 

Upon thh recommendation of the stand¬ 
ards committee, the following actions were 
taken: 

Voted to relinquish the Institute’s joint sponsor¬ 
ship of the sectional committee on wires and 
cables In favor of a single sponsorship under the 
electrical standards committee. 

Approved the recommendation of the American 
Standards Association that the title of A.I.E.E. 
Pamphlet No. 100 be changed to “Recom¬ 
mended Practise in the Temperature Operation 
of Transformers.” 

Approved, as joint sponsor, a report of the 
sectional committee on radio on “Standard 
Vacuum Tube Base and Socket Dimensions" 
and “Manufacturing Standards Applying to 
Broadcast Receivers. ’* 

A report of a joint committee of engi¬ 
neering societies appointed to consider 
the question of the desirability of the 
organization of state engineering councils 
was presented, and upon the recommen¬ 
dation of this committee the board ap¬ 
proved the general idea of encouraging 
the formation of state .councils of pro¬ 
fessional engineers. 

The president was authorized to ap¬ 
point two representatives of the Institute 
on the council of the American Associa¬ 
tion for the Advancement of Science for 
the year 1932, and to appoint delegates 
to attend the annual meeting of the 
American Academy of Political and Social 
Science, Philadelphia, Pa., April 15-16, 
1932. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of Electrical Engineering. 


A.E.C. .Urges • 

* More State Councils 

At the annual meeting of the assembly 
of the American Engineering Council in 
^Washington, D.*C. January 14-16, 1982, 
the assembly voted to adopt the follow¬ 
ing recommendations made by a joint 
committee composed of representatives of 
the American Society of Civil Engineers, 
The Ameriqpn Society of Mechanical En¬ 
gineers, American Institute of Electrical 
Engineers, and American Engineering 
Council, relative to the further formation 
of state engineering councils: 

1. It Is deemed essential for the advancement of 
the engineering profession that there be or¬ 
ganized a state council of professional engineers 
in each state in which such a coftncil does not 
already exist. 

2. Each state council shopid be composed of 
representatives of the local sections of national 
engineering societies and the engineering and 
allied technical societies within the state. 

• 

3. The purpose of fcheso councils should be to 
enable the engineering and allied technical 
organizations to render a more effective public 
service, and to contribute to the advancement of 
these professions. They may through appro¬ 
priate channels communicate to the proper 
representatives of the state governments advice 
and suggestions relative to questions of legisla¬ 
tion or administration and in the solution of 
which engineering and allied technical knowledge 
and experience may be involved or valuable, and 
may upon the request of local or regional or¬ 
ganizations or in the absence of such organiza¬ 
tions, render similar service in local affairs. 

• 

4. Membership in these councils should consist 

of any society or organization of the engineering 
or allied technical professions within the state 
whose chief object is the advancement of the 
knowledge* and practise of engineering or of 
allied sciences, or the promotion of the interests 
of engineering or allied technical professions and 
which is not organized for commercial purposes. 
Membership in these councils should not be 
granted to individuals. . 


Providence Meeting 
Plans Progressing 

In addition to the student sessions on 
Friday, May 6, 1932, the meeting of the 
Institute’s North Eastern District, No. 1, 
to be held in Providenee, R. I., May 4-7, 
1932, will include four technical sessions. 
The symposium on “Traffic Control Sys¬ 
tems” will attract considerable attention. 
Other sessions will be sponsored by the 
machinery, and transmission and distri¬ 
bution committees, and at the fourth 
session there will be presented several 
selected papers of general interest. 

The dinner will be held Thursday eve¬ 
ning, May 5. Also a wide range of inspec¬ 
tion trips has been planned by the local 
committee. Headquarters will be at the 
Providenee-Biltmore Hotel. Further de¬ 
tails of this District meeting will be 
given in the April issue of Electrical 
Engineering. 
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Unemployment Relief Being Afforded 

by Instituteand Other Engineering Groups 
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PPON the recommendation of the Insti¬ 
tute's committee on the economic status 
of the engineer, the board of directors 
unanimously adopted a resolution at a> 
meeting held in Kansas City? Mo., Octo¬ 
ber 23,1931, providing for unemployment 
relief. As reported on p. 975 of Electri¬ 
cal Engineering for December 1931, 
this resolution recommended that each 
Section formulate and carry out a plan of 
relief embodying substantially the follow¬ 
ing features^: That in each locality a com¬ 
mittee of engineers be organized, com¬ 
posed preferably of representatives of all 
the engineering groups in the community 
and working in close cooperation with 
locgl sections of other societies and engi¬ 
neering groups, and so organized as to 
work in close cooperation with other 
local civic relief organizations. Further 
recommendations regarding organization 
were made, and it was suggested that 
these local committees conduct surveys of 
the need for relief and for local opportuni¬ 
ties for constructive work or employment, 
using so far as possible the aid of engineers 
at present unemployed. Further, it would 
be the purpose of this committee to collect 
and -administer funds for loans and re¬ 
muneration to deserving unemployed en¬ 
gineers, and to perform such other duties 
as might be deemed advisable in each 
particular community. 

Section Activities Summarized 

In response to this resolution,, letters 
were written to each Section urging the 
consideration of organizing, in conjunc¬ 
tion with other engineering groups, an 
engineers’ unemployment relief commit¬ 
tee. As the conditions in different com¬ 
munities vary widely, it is difficult to 
generalize upon the results which have 
been obtained. In some communities 
unemployment among professional engi¬ 
neers has been widespread, and much 
work has been done by the committee in 
alleviating this condition. In other sec¬ 
tions, particularly those far from manu¬ 
facturing centers, the situation has not 
been acute, aid frequently the local civic 
unemployment relief organization has 
been considered adequate. 

• In those localities where relief work has 
been undertaken, the methods of attack 
vary widely. In certain communities the 
local situation has been such that the 
Section of the Institute has taken full 
responsibility for collection of funds and 
other relief work among the electrical 
engineers of the district. The San Fran¬ 
cisco Section of the Institute has reached 
the conclusion that financial aid in the 
form of loans is^tbe most effective means 
of relief for the conditions found*in their 
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particular,district, and are concentrating 
on this form of activity. The Boston 
Society of Architects and the engineering 
societies ohBostop, Math., are cooperating 
in the collection of funds to be distributed 
as salaries to unemployejTmembers of the 
profession who assist in emergency plan¬ 
ning and research w5rk to be used “in the 
advancement of city planning and regional 
data, in suggestions for rehabilitation of 
depreciated properties and districts, for 
'rthe elimination of slums, for the long- 
range planning of the physical develop¬ 
ment of our various municipal depart¬ 
ments, in economic surveys of various 
kinds, valuations or appraisals for various 
purposes, and in other similar projects.” 

More frequently, the Section cooperates 
actively with other relief bodies and places 
its special emphasis upon assisting the 
electrical engineer. Questionnaires have 
been sent out by many Sections and regis¬ 
tration of those unemployed undertaken. 
Industries have been canvassed in an at¬ 
tempt to learn of positions available and 
the (Qualifications essential in filling these. 
A particularly valuable part of the work 
undertaken is a study of the fitness of 
the man for the position open and the 
economic necessity for aiding each indi¬ 
vidual. Considerable effort has been made 
to promote emergency work to be under¬ 
taken by the local and State govern¬ 
ments; and toward the adoption of the 
scheme of spreading work as far as possible 
among the largest numbers of men, both 
in government and industrial activities. 
Among the Sections of the Institute which 
have been particularly active are, Atlanta, 
Boston, Chicago, Cincinnati, Cleveland, 
Connecticut, Dallas, Denver, Detroit- 
Ann Arbor, Ft. Wayne, Los Angeles, Mil¬ 
waukee, Minnesota, Philadelphia, Port¬ 
land, Rochester, San Francisco and 
Seattle. . 

Surveys have been conducted by prac¬ 
tically all Sections of the Institute. Some 
of these indicate that there is very little 
unemployment among electrical engineers 
in the Section. Also, the surveys indicate 
that the largest part of the unemployed 
are young men, few of them with depen¬ 
dents, and most of them having homes to 
which they may return. Educational com¬ 
munities, especially, appear to be free 
from an acute unemployment situation, 
and in general it appears that throughout 
the country electrical engineers have not 
been so adversely affected as many other 
engineering and non-engineering groups. 

New York City Plan 

Perhaps the most thorough and eom- 
for coping with the im¬ 


mediate unemployment problem is that 
developed in New York, N. Y., for the 
metropolitan district. A very definite 
method of procedure in collecting and 
distributing funds and otherwise provid¬ 
ing unemployment ^relief has been set-up 
and is functioning to aid a very large num¬ 
ber of persons. As, the details of this plan 
may be of assistance to*other communi¬ 
ties, space will be given here for its 
description. » 

Action was initiated by the American 
Society of Civil Engineers to form a com¬ 
mittee to aid unemployment among Engi¬ 
neers in this district. As a result of 
this action, the first meeting of’ the Pro¬ 
fessional Engineers Committee on Unem¬ 
ployment, known in New Yerk*as the 
P.E.C.U., was held October 21,1931, with 
representatives from the four national 
societies of civil, mining, mechanical, and* 
electrical engineers present. At this meet¬ 
ing it was decided that the engineering 
profession should carry on its own unem¬ 
ployment relief program. This decision 
was reached because the regularly consti¬ 
tuted relief agencies in the New York 
City region held to an exceedingly rigorous 
standard of destitution, and further be¬ 
cause part of the program was to prevent, 
so far as possible, members 'bf the engi- * 
neering profession from reaching this 
condition. * 

Later it developed also that it was ex¬ 
ceedingly difficult to obtain information 
from those in need of relief. Engineers 
as a class have never been given to talking 
of their troubles. However, it was fpund 
that these men would speak more freely 
to another engineer than to a professional 
social worker. » 

A general committee of about 40 mem¬ 
bers consisting of engineers prominent in 
the profession, whose names were ample 
evidence of the high character of the 
undertaking, was immediately formed. 
This general committee, under the chair¬ 
manship of H. de B. Parsons, appointed 
an executive committee of six men with 
J. P. H. Perry, chairman, to carry on 
actively the work of soliciting funds and 
of unemployment relief. This committee 
directs some dozen standing committees, 
which are divided roughly into two 
groups: those subsidiary to a finance 
committee, ehiefly concerned with the 
collecting of funds; and those working 
under a relief committee, providing direct 
relief in such forms as employment, loans, 
legal aid, and engineering education. 

* 

Engineers Canvassed to Obtain Basic 
Data 

The first step was to register the unem¬ 
ployed engineers in order to get an accu¬ 
rate estimate of the problem with which 
the committee was confronted. A post¬ 
card was first sent out to the metropolitan 
membership of the four societies advising 
them of the formation of the committee, 
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stating that its object was to deVise 
» * methods ^by which engineers in need of 
. assistance would be looked after by their 
brothers in the profession, and also 
vising members in a position to do so to 
be prepared to contribute to the move¬ 
ment. * * 

, A tentative organization was formed, 

headquarters established in the Engineer¬ 
ing Societies Building, New York, and 
preparations made to register the engi- 
*. neers as soon as they came in. At a mass 
meeting held in the Engineering Audi- 
toriuln on November 9, 1931, prominent 
speakers ^ outlined the program to be 
carried out and also called for suggestions. 
The notice of the meeting carried this 
paragraphs ‘If you are unemployed and in 
need of assistance we urge you to register 
in person before November 10, at Room 
201, 29. West 39th Street, New York 
City.” . Registration was very slow at 
first but increased rapidly from day to 
day as the movement gathered impetus. 

Two policies were stated definitely at 
the beginning of the movement: (1) that • 
• th® P.E.C.U. in affording relief would 
make no distinction between members 
and non-members of the four engineering 
societies; and (2) that all money collected 
^ or mlief should be applied to relief pur¬ 
poses only, the necessary administrative 
funds to be obtained from other sources. 

Subsequently, however, the demands 
placed upon the committee required a 
change in the policy regarding relief 
, to unemployed engineers regardless of 
whetiisr such engineers were members or 
non-members of the four societies. At a 
meeting of the executive committee on 
February 8, 1932, it was decided that 
with respect to placement of unemployed 
engineers on P.E.C.U. payrolls only mem¬ 
bers or former members of the four so¬ 
cieties could, be considered. However, 
in the ease of placement of unemployed 
engineers on the payrolls of public organ¬ 
izations the present policy of assisting, 
both members and non-members would 
he continued. Loans are to be made only 
to members or former members of the 
four societies. It was felt that these 
~ changes were justified by the fact that 
contributions have been made entirely by 
the membership of the four societies. 

From the very first, the executive com- 
mitfee of the P.E.C.U. recognized that 
its problem from an administrative point 
of view was relatively more difficult than 
that confronting the great city commit¬ 
tee® the principal duty of which was to 
eouact funds. Once funds were collected 
by such committees they were turned 
j bver to the organized charities of the city 
for distribution. The P.E.C.U., however, 
5v.;; j f d not only to collect the money, but 
: . a^o to build up an organization com- 
wholly of engineers who were 
.jJSKely volunteer workers and also en- 
toely mexperienced in social welfare work. 

• problem was one of organizing tq 
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spend th^ money with justice put leaving 
no loophole for scandal. Great care has 
been exercised in safeguarding the expenf-. 
diture &f this money, not only in making 
just Joans, but in handling«payrolls 
carefully. 

Made Work” Bureau Established 

<r 

One of the first Isteps was to make con¬ 
tact with the regularly established relief 
organization, which is the New York 
branch of the President’s Organization 
on Unemployment Relief, and which had 
already established a ‘‘made work” 
bureau.. The officials of the latter or¬ 
ganization because of the obvious advan¬ 
tages of such aid accepted the offer of r 
having this ‘‘made work” carried out 
with proper engineering supervision; 
however, because the destitution require¬ 
ments of these regularly appointed agen¬ 
cies were such that many engineer appli¬ 
cants in need of help were unable to 
qualify, the P.E.C.U. established its own 
‘ 'made work” bureau. 

Organization-op Engineers 
Developed 

The organization of the P.E.C.U. was 
developed by a gradual process to its 
present stage. In addition to the general 
and exegutive committees already men¬ 
tioned, is a committee on clearance, its 
chief duty being to‘ maintain contacts 
with existing relief agencies; a committee 
on organization to take care of problems 
of internal administration and to act as a 
comptroller of the administration funds; 
and a publicity committee. The re¬ 
mainder of the work is divided into two 
groups, financial and relief. 

The work of the finance committee is 
concerned with the raising of funds for 
relief purposes only. So far, this has 
been done by appeals to the metropolitan 
district members of the four engineering 
societies, principally by letter. A special 
list of engineers believed to be able to 
make sizeable contributions has been 
approached by direct solicitation Money 
collected by the finance committee is 
deposited with United Engineering Trus¬ 
tees, Inc., which acts as the treasurer of 
the P.E.C.U. There are many obvious 
advantages inherent in the use of an es¬ 
tablished concern for this purpose. The 
money is then turned over to the organi¬ 
zation paymaster and timekeeper for 
distribution. 

• * 

Activity op Rbliep Committee 

The relief committee supplies direct 
and indirect relief in all forms, together 
with the developing and prosecution of 
plans for “made work.” The working of 
thfc committee perhaps may be presented 
most easily by considering the procedure 
of an..engineer presenting himself for 
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JaWe I—Dollar Value Obtained by 
' Feb. 15/1932 


6ash collected.. A ...$ 68,928.98 

^Unpaid pledges. ..r. 14,488,63 

<■ Contributed for administration. 5,318 9 ? 

State and federal contributions to n 

carry on work of the U.S. Geological 

. 24.000.00 

Relief obtained by P.E r .O.U. m e n 

through others (wages, etc.). 99,025.00 

Certain relief .funds for use in por¬ 
tions of United States not covered 
by P.E.C.U.■ karr as 


__ Total .$217,444.87 
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assistance. He first goes to the co mmi ttee 
on registration where he fills out duplicate 
cards, one of which goes to the registrar 
who determines his engineering status 
aud decides whether or not it entitles him 
to relief from the committee; the other 
card is filed with the committee on re¬ 
search and vital statistics. Cross-refer¬ 
ence of these latter cards is made to show 
the applicant’s so-called “degree of desti¬ 
tution” as follows: . 

1 . If in need of immediate aid ' 

2. If his resources will last one month 

3. If his resources will last for longer periods 

The engineer is next interviewed by the 

department of employment which en¬ 
deavors to place him immediately in some 
gainful occupation, always giving prefer¬ 
ence to those in immediate need. If a 
member of one of the four societies, he is 
also automatically registered with the 
Engineering Societies Employment Ser¬ 
vice for a permanent position. 

If the interview with the registration, 
committee indicates that the engineer 
requires immediate financial help or legal 
advice, he is sent to the department of 
certification of loans and payroll where, if 
deemed advisable, he is given a requisition 
on the treasurer for a loan, in return for 
which he gives his note which is non¬ 
interest bearing and payable on demand. 
Clothing, if necessary, is made available 
by the social service committee sponsored 
by the Engineering Woman’s Club. 
Sound advice or legal assistance is made 
available without expense by the legal 
counsel. 

Arrangements have been made with 
Columbia University whGreby unem¬ 
ployed professional engineers are ad¬ 
mitted to lecture courses on engineering 
and allied subjects without fee and with-- 
out academic credit. In this way they 
not only may improve their general men¬ 
tal attitude, but may place themselves in 
a position to increase their earning capac¬ 
ity at the end of the economic depression. 

TJiere is a committee on plans, the 
function of which is to survey and chart 
the possibilities for "made work,” having 
an allied committee charged wi^ the re¬ 
sponsibility of putting these plans into 
effect. A committee on opportunities in 
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special subject committee of the A.I.E.E. com-’ 
mlttee on power transmission and distribution 
Further discussion Is Invited on any of. the pro¬ 
posed definitions.] 


body, namely, the preparation of genoral 
, standards of noise measurements, and 
that tesf procedure and standardized 
methods of defining the noise characteris¬ 
tics of^particular apparatus in particular 

locations should be left to the individual -. -" _ 

member organizations' for later develop- Utility" Executive Advanced 

ment. • " - 

The concentration of the sectional com¬ 
mittee’s work for the present chiefly on 
the standardization of nomenclature, 

* units > “id scales should become the basis 
for further progress in the science of noise 
measurement. The, complex nature of 
noises and their effects upon the ear intro¬ 
duce confusion in the measurement of 
noise, and none of the noise meters yet 
design^ cgn translate the approximate 
physiological and psychological effects of 
noise into definite units of measurement. 

Definition and standardization of these 
factors alone wiJI do much to make possi¬ 
ble real progress iii the engineering appli- 
cafion of our knowledge to, the reduction 
in noise of apparatus. 



F. B. LEWIS 


XeHewS to tLe Editor 


The Reactive 
Voltampere Conventions 

To the Editor: 

When we say that the "power factor” Is lead- 
■ J"' 6 mean by tadt agreement that the current 
leads the voltage. ‘Further, when we plot these 
as vectors, we are required to use a counter¬ 
clockwise rotation to agree with mathematical 
custom. 

Now if leading reactive voltamperes are 
called negative, there is a reversion In appear¬ 
ance to the old clockwise diagrams, leading volt- 
. ““Peres appearing to lag behind the power 
unless a clockwise sense is assumed. If power 
and reactive voltamperes are considered as true 
double-frequency vectors then we are forced to 
define leading reactive voltamperes as positive 
in order to maintain the counterclockwise 
convention. In this I am assuming that the 
Cfeutesi 68 ° 1 i^ Q ^^ lema ^ cs must be accepted In all 

To argue that lagging reactive voltamperes 
should be positive because R +JX represents an 
inductive Impedance Is useless, for the inverted 
argument that It should be called negative 
because G — jB represents an inductive admit¬ 
tance is just as good and more to the point In 
constant voltage systems. 

Be consistent, call leading reactive volt- 
amperes positive and maintain the appearance 
of counterclockwise rotation. 

Very truly yours, 

V. G. SMITH (A'26) 

(Assistant Professor of Elec- 
’ trical Engineering, University 
of Toronto, Toronto, Canada) 

(Editor's Note. This letter dlscusss® one 
Vision of the “Proposed Definitions of Power 
gratem Terms" (see Elbotricai, ENomaiumra 
*»r February 1932, p. loe-7) developed by a 
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F. B. Lewis, formerly vice-president 
and assistant general manager of the 
Southern Californiil Edison Company, 

Ltd., Los Angeles, has been promoted to 

the position of vice-president and general , 

managOT. Mr. Lewis graduated from S fanJ n r J, 

Rose Polytechnic Institute at Terre 

Haute, Ind., 26 years ago, and has been - 

with tin Edison Company continuously 
since that time. Among his early accom¬ 
plishments was the installation of the first 
33-kv. transmission line by the Edison 
company to bring power from Santa Ana 
River Canyon to Los Angeles, Calif. 


N. Y.; H. P. Cfcarlesworth (F’28), New 
York'N. Y.; and A. W. Berresford (F’14) 
New York, N.Y. • 

The United Engineering Trustees was 
established in as the United Engi- 
- neering Society “to advance the engi* 
neering arts and sciences in all their 
branches, to further research in science 
and engineering, to maintain a free public 
engineering library, add to advance in any 
other manner the profession of engineer ¬ 
ing and the good of mankind.” As the 
joint agency of the four national societies 
representing the civil, mining, mechani¬ 
cal, and electrical engineers, it owns and 
administers the Engineering Societies 
Building at 33 West 39th Street, certain 
endowment and other funds, and other 
properties committed to it. Through the 
Engineering Foundation, the library 
board, and the administrative depart¬ 
ment, it aids research in engineering and 
the. sciences, operates the Engineering 
Societies Library, and carries on other 
activities. " 


Enfjineerlngr 

Foundation 


Election of United 
Engineering Trustees Held 

Officers elected to serve United Engi¬ 
neering Trustees, Inc. for the year 1932 
have been announced. H. A. Kidder 
(F’29) was elected president, and H. V. 
Coes and Col. A. S. Dwight were named 
vice-presidents. Dr. A. D. piinn, direc¬ 
tor of the Engineering Foundation, will 
serve as secretary, and C. P. Hunt as 
treasurer. Other members of the board 
of trustees were chosen as follows: F. E. 
Winsor, Boston, Mass.; C. A. Mead, 
Newark, N. J.; A. 8. Tuttle, New York, 
N. Y.; G-. D. Barron, Rye, N. Y.; R. M. 
Roosevelt, New York, N. Y.; E. R. Fish 
Hartford, Conn.; F. A. Schaff, New York’ 


Standards Committee Meets 
During Winter Convention 

.At the meeting of the standards com¬ 
mittee of January 26,1932, a number of 
subjects was discussed. Attention was 
called to a difference between A.I.E E. 
standafd-No. 20, “Air Cireuit Breakers,” 
and the standard of the National Elec¬ 
trical Manufacturers Association for the 
same apparatus. The A.I.E.E. rule per¬ 
mits a 30-deg. cent, rise on contacts 
whereas N.E.M.A. permits only 20 deg. 
After receiving the report of the A.I.E.E. 
subcommittee which developed “Air Cir¬ 
cuit Breakers” the standards committee 
approved a change in the A.I.E.E. Stand¬ 
ard to 20 deg. unless objection is registered 
by the principal users of air circuit 
breakers. 

At this same meeting, the recommenda¬ 
tion of the standards council of the a s a 
that the sponsorship for .the sectional 
committee on wires and cables, now 
vested in nine associations including the 
A.I.E.E., be transferred to the sole spon¬ 
sorship of the electrical standards com¬ 
mittee was recommended to the board of 
directors for approval. This newly-organ¬ 
ized electrical standards committee (as 
described on p. 845 of Electrical Engi¬ 
neering for Oct. 1931) is the joint body 
representing eleven organizations and 
working under the A.8. A, 

A suggestion of the spppes committee 
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of tHe’eTectncal standards committee that 
the title of AlJiE.E. pamphlet No? lQp 
“Recommendations for the Operation of 
Transformers’’ he changed to “Recom¬ 
mended Practise in J;he Temperature 
Operation of Transformers” was pre-* 
seated to the standards committee and 
approved. No. 100 now will go to letter 
ballot of the standards council of the 
A.S.A. for approval* as American recom¬ 
mended practise. Also, in accordance 
with a suggestion of E. D. Newbury 
(F’21) the standards committee on Janu¬ 
ary 26 recommended an extension of scope 
of the sectional committee on transfor¬ 
mers to cover all transformers and other 
equipment contained in A.I.E.E. stand¬ 
ards No. 12 “Constant-Current Trans¬ 
formers,” Ne. 13 “Transformers, Induction 
Regulators and Reactors,” No. 14 
“Instrument Transformers” and also 
pamphlet No. 100 ' ‘Reco mm an rt a.t.irvn g 
for the Operation of Transformers.” 

The committee recommended to the 
board of directors the#approval by the 
Institute as a joint sponsor of the reports 
of the sectional committee on radio deal¬ 
ing with “Standard Vacuum Tube Base 
and Socket Dimensions” and “Manufac¬ 
turing Standards Applying to Broadcast 
Receivers.” 

A report made up of definitions relat¬ 
ing to telemetering has been received 
from the instruments and measurements 
committee. As the sectional committee 
on electrical definitions has a subcom¬ 
mittee under Dr. J. P. Meyer (M’13) 
dealing with instruments and testing, the 
report of the technical committee was re¬ 
ferred to that group for consideration and 
inclusion in their report. 
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Form and Arrangement 
of Published Standards 


The report of the special committee on 
form and arrangement of published stand¬ 
ards was made under date of November 
30,1931 and now is available in pamphlet 
form. This report is the work of a special 
committee of the American Standards As¬ 
sociation, appointed in January 1925, 
The committee’s objective has been the 
preparation of publication practises to be 
recommended by the A.S.A. for use by all 
bodies developing standards particularly 
•under A.S.A. procedure. 

The committee selected a page size 
of 7$£xl0% in. but also recognized three 
other suitable sizes. Alternative pro¬ 
cedures are included in a number of other 
instances. It is hoped that experience in 
using the recommended practises will per¬ 
mit eventual elimination of the alterna¬ 
tives. Copies of the report may be 
obtained from A.S.A. headquarters, 29 
West 39th Street, New York, N. Y. 
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. J. C. Parker (A’04, F’12) whoVhas 
been chosen to succeed M. S. Sloan to the 
presidency of the Brooklyn Edison Com¬ 
pany, Brooklyn, N.Y., has bee* its vice- 
president jp charge of«engineering since 
1926. Besides being possessed of a wide 
experience in the many practical fields of 
application of the profession he has had 
considerable experience also in the aca¬ 
demic field. For some tim,e he u&s an 
instructor in mechanical and electrical 
engineering at Union College, Schenec- 
Jjady, N. Y., under Dr. C, P. Steinmetz, 
giving in addition a course in thermody¬ 
namics and another in the mathematics 
department. His B.S. in M.E. was con¬ 
ferred upon him by the University of 
Michigan from which he was graduated 



J. C, PARKER 


in 1901, this same institution the next 
year conferring upon him his A.M. degree 
for advanced work in mathematics, 
physics, and structural engineering. In 
1904, his E.E. degree was won also from 
the University of Michigan by work done 
in absentia. Returning to the industrial 
field in 1904 Mr. Parker became assistant 
to the engineer in charge of construction 
and design for. the Ontario Power Com¬ 
pany’s pl%nt at Niagara Falls, the largest 
hydroelectric undertaking of its rime. 
Upon completion of the first section of 
the Ontario Power Company’s plant in 
1905* he went to Buffalo as assistant to 
the .vice-president and chief engineer of 
the construction company building the 
lines of the Niagara, Lockport, and 
Ontario Power Company from Niagara 
Falls to Syracuse. This was the first 
60,000-volt * transmission line, and the 
engineering for it Was done by R, D. 
Mershon (A ? 95, F’i2) past-president of 
the institute. In tins same year Mr. 
Parker became mechanical and electrical 
engineer; of the Rochester Railway & 
light Compapy, in charge of the engi¬ 
neering department; to this engineering 
work shortly was added the organizing of 


the power sales engineering division and 
economic, investigation of power and 
illuminating conditions in company works. 
In 1915 the University of Michigan re¬ 
called him as professor of electrical engi¬ 
neering in charge of its department of# 
electrical engineering, and this was the 
position from which he resigned in 1922 
to become electrical engineer of the 
Brooklyn Edison Company. While pri¬ 
marily interested, in higher mathematics 
and physics, Mr. Parker later became 
deeply concerned with the practical 
aspects of standardization and the simpli¬ 
fication of production, design and con¬ 
struction. He was chairman* of the 
Institute’s delegation to the American 
Standards Association, and*December 9, 
193?, at the annual meeting of the Ameri¬ 
can Standards Association was elected to 
serve (1932) as vice-chairman of the. 
Standards Council. He has served the 
Institute in several capacities •including 
that of vice-president (1921-2)*. He is, a 
member of the* American Society of Civil 
Engineers, the American Society of 
Mechanical Engineers, and of the Engi¬ 
neers’ Club of New York. 


Giuseppe Faccioli (A’04, F’12) who 
retired from active professional service 
May 27, 1930, when he withdrew from 
the office of works engineer and associate 
manager of the Pittsfield works of the 



GIUSEPPE FACCIOLI * 


General Electric Company, has beeh 
chosen as the A.I.E.E. Lamme medalist 
for 1931. Mr. Faccioli, a native of Italy, 
graduated with high honors in both 
mechanical and electrical engineering 
from the Institute of Technology at 
Milan. He came to this country at the age 
of 25 and spent the first year of his career 
upon the design of a-c. machines^. He 
attracted the attention of the late William 
Stanley, inventor of the transformer, and 
through this association and that with 
other pioneer engineers, Mr. Faccioli has 
accomplished professional work which 
forever will be outstanding in the elec¬ 
trical engineering world. High tribute 
has already been paid him by men promi¬ 
nent in the profession; he has been hailed 
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as “a mathematical genius aud a veritable 
. ^izard” in. his chosen calling, but as 
“none the less human” in consequence of 

* this personal achievement. Especially 
have the younger engineers gained from 
hin^knowledge and inspiration. His work 
with the General . Electric Company 
covered a.span of 25 years, and upcfu his 
retirement he was presSnted with a testi¬ 
monial, brilliantly hand illuminated and 
signed by more than 150 names of the men 

* ^ho had workedVith and for him during 
* that period of his own service to the com¬ 
parand to the profession. This presen¬ 
tation was madtf in 'Schenectady, N. Y., 
*>y the late Doctor L. T. Robinson, (A’04, 
E 12), then in charge of the company’s 
general engineering laboratory, with 
S. H. Slake (A’03, P’17), general engi¬ 
neer of the General Electric Company, 
#>nd J. L. R. Hayden, the other member 
of the company’s general standardizing 
committee. Always keenly, interested in 
the A.I.E.E., Mr. Faccioli has been an 
untiring worker in its behalf, serving on 
many of its committees and as manager 
•and vice-president. In 1928 he was' 
decorated by Mussolini with the emblem 
of the Commandant of the Crown of 
Italy. Mr. Faccioli in relinquishing active 

* duties with j^he General Electric Company 
becomes a<-consulting engineer, retaining 
his keen interesj in all affairs of the 
organization. 

Philip Torchio (A’95, F’12) vice- 
president of the New York Edison Com¬ 
pany, New York, and past-president of 
the New York Electrical Society, b«-s 
been elected by his board of directors ^o 
serve as senior vice-president of the New 
York Edison Company. Mr. Torchio 
was bom in Como, Italy, in 1868 and 
came to New York in 1893. He became 
& naturalized citizen and since 1895 has 
been with the New York Edison Com¬ 
pany interests. He served for many 
years as a consulting engineer for affilia¬ 
tions of the Consolidated Gas Company 
and the New York Edison: namely, 
United Electric Light and Power Com¬ 
pany, New York and Queens Electric 
Light and Power Company, Yonkers 
Electric Light and Power Company, the 
Westchester Lighting Company, and the 
Bronx Gas and Electric Company. He 
pioneered in the introduction of the 
132,000-volt underground cable in this ] 
country and is the author of considerable t 
technical literature on the economics of 1 
electric? light and power generation and ] 
distribution. He is a member of Franklin c 
Institute, has served the Institute as \ 
chairman on committees on power trans- i 

mission and distribution, power stations, j 

and economics of electric service, and as a s 
member of the standards committee, the u 
United States National committee of the d 
International Electrotechnical Commis- 1 
sion, electrical machinery committee, & 
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meetings and papers, power test code, 
and protective devices committees. In r 
the Association of Edison Illuminating 
Companies, he has acted las chairman of 
the committee on high potential dis¬ 
turbances, symposium on system troubles, 
committee of conferees on armature coil 
temperatures of large generators and the 
committee on high tension cables. Also 
he has been a member of the committee 
on power generation and ihe committee 
on standards, and*a representative on 
sectional committee on ratings of the 
American Engineering Standards Com¬ 
mittee, now the American Standards 
Association. He was chairman of the 
National 'Electric Light Association’s 
committee on underground construction 
and of the joint conference committee 
on standards. Mr. Torchio was a mem¬ 
ber of the American committee on elec¬ 
trolysis, the American Commission to 
the World Power Conference, American 
Engineering Standards committee sec¬ 
tional committee on rating of electrical 
machinery and the sectional committee 
on insulated wires and cables. 


F. W. Smith (A’05, M’12) who has 
been serving the United Light and Power 
Company of New York as its vice-presi¬ 
dent and general manager, has been 
chosen to succeed M. S. Sloan as president 
of the New York Edison Company and 
the United Electric Light and Power 
Company. Already Mr. Smith is chair¬ 
man of the board of directors of the New 
York and Queens Electric Light and 
Power Company and president of the 
Brush Electric Illuminating Company of 
New York. The year 1930 rounded out 
an uninterrupted 52-year service with the 
United Electric Light and Power Com¬ 
pany, which he joined as a tlprteen-year- 
old office boy in 1880 when the company 
was known as the United States Illumi¬ 
nating Company. This was two years 
prior to the opening of the Pearl Street 
station of the Edison Company and three 
months after the perfection of the incan¬ 
descent lamp by Thomas A. Edison. In 
1889 he was appointed paymaster for his 
company ^which then had become the 


r United Electric Light and Power Com¬ 
pany; 1891 found him assistant auditor, 
and eight years later he was elected to the 
office of assistant secretary. A year later 
he became secretary of the Brush Electric 
Illuminating Company, of which he in 
.1929 became president and a director. 
Of the United Electric Light and Power 
Company he was made secretary in 1905, 
vice-president in 1912 and general man¬ 
ager in 1916. In 1926 Mr. Smith was 
elected chairman of the board of the New 
York and Queens Electric Light and 
Power Company; in February a year ago 
he was made vice-president of the New 
York Edison Company. He has been 
active also in the affairs of the National 
Electric Light Association for many 
years, of which he was elected vice-presi¬ 
dent in 1919 and president in 1922. 
Under his presidency the association ex¬ 
panded considerably, Mr. Smith being 
largely instrumental for the formation 
and organization of its geographic sec¬ 
tions. He has been chairman of many of 
the association’s committees, and an 
active * member of a large number of 
others; for sixteen years he has served as 
chairman of its lamp committee and is 
still a member of the public policy com¬ 
mittee. In its early days he was actively . 
connected r with the Electric Vehicle 
Association and in 1923 was its president. 
This was shortly before the association 
became a part of N.E.L.A. activities. 
In, addition to several other technical or¬ 
ganizations, Mr. Smith is a member of 
the Electrical Association of New York, 
the New York Electrical Society and the 
Engineers’ Club. In his long and assidu¬ 
ous service in the electrical profession he 
has commanded confidence r as a conserva¬ 
tive^ open-minded administrator, giving 
particular attention to all complaints - 
which came to him, and the maintenance 
of cordial public relations. 

W. D. Coolidge (A’10) associate direc¬ 
tor of the research laboratory of the 
General Electric Company, Schenectady, 

N. Y., on February 24,1932 received the 
Washington Award for his “scientific 
spirit and achievement in^developing duc- 
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tile tungsten and the modern X-ray tube.” 
A native ofiHudson, New York, Doctor 
Coolidge was graduated from Massa¬ 
chusetts Institute of Technology in 1896, 
at that time receiving his B.S. degree; in 
1899, he won Ms Ph.D. from the Uni¬ 
versity of Leipzig. At M.I.T. he has been 
assistant in physics, instructor in physico- 
chemistry and assistant professor in 
physico-chemical research. In 1905 he 
associated Mmself with the General Elec¬ 
tric Company and ever since 1908, when 
he was made assistant director has been 
in the research laboratory. In 1914 he 
received the Rumford Medal for Ms in¬ 
vention and application of the ductile 
tungsten. TMs medal is awarded bi- 
annually by both the Royal Society and 
the American Association of Arts and 
Sciences, ‘‘for the most important dis¬ 
covery and useful improvement” during 
the two years immediately preceding the 
date of award. He has also "been the 
recipient of the Franklin Institute’s 
Howard N. Potts Medal (1926) “in con¬ 
sideration of the originality and ingenuity 
shown in the development of a* vacuum 
tube that has simplified and revolution¬ 
ized the production of X-rays,” and the 
Louis Edward Levy Gold Medal, another 
Franklin Institute award for professional 
achievement. In 1927 he received the 
gold medal of the American College of 
Radiology and the Hughes Medal of the 
Royal Society, London. Doctor Coolidge 
enjoys extensive membership in the scien¬ 
tific and technical groups, among them 
being the American Chemical Society, the 
American Electrochemical Society, the 
American Physical Society, the American 
Academy of Arts and Sciences, and the 
WasMngton Academy of Scienees. Also 
he is an honorary member of the Ameri¬ 
can Roentgen Ray Society, the American 
Radium Society, the Radiological Society 
of North America, the Roentgen Society 
(of England), Societe de Radiologie Medi¬ 
cate (of France), and Nordick Forening 
for Medicinsk Radiologi. 

H. A. Kidder, (A’06, F’29) superin¬ 
tendent of motive power, Interborough 
Rapid Transit, New York, has been 


elected president for 1932 of the United 
Engineering Trustees, Inc., joint agency 


of the four national engineering societies, 
29 West Thirty-Ninth Street, New York, 
N. Y. His appointment as electrical 
superintendent of the Interborough Rapid 
Transit came in 1914, following his em¬ 
ployment in the railway motor depart¬ 
ment of the General Electric Company; 
six years later he was advanced to assis¬ 
tant superintendent of motive power, Ms 
further advance to superintendent coming 
in 1921. Mr. Kidder has served the 
Institute in a multiplicity of committee 
connections including power generation, 
power stations, headquarters, standards, 
special committee on Institute prizes, 
the engineering profession, special com¬ 
mittee on technical activities, executive, 
finance, coordination of Institute activi¬ 
ties, Edison Medal, transportation, U.S. 
National committee of International 
Electrotechnical Commission, and meet¬ 
ings and papers (now technical program 
committee) and still is active as Institute 
representative to the United Engineering 
Trustees, American Engineering Council, 
on the A.I.E.E. board of examiners, law, 
and legislation. For three years he was 
on the board of directors, served one year 
as chairman of the Institute’s New York 
Section, and for two years as a vice- 
president. He is a past-president of the 
New York Electrical Society, and a 
member of the American Electric Railway 
Association. At present Mr. Kidder is 
devoting a great deal of Ms time to the 
Professional Engineers’ Committee on 
Unemployment, on wMch he is serving as 
chairman of the finance committee. 

Kern Dodge (A’02, M’12) consulting 
engineer and aviation enthusiast of PMla- 
delphia, Pa., who recently received ap¬ 
pointment As director of public safety of 
the City of PhiladelpMa, is a native of 
CMcago, and was graduated from Drexel 
Institute in 1907. For four years, before 
and after school of each day, he took 
charge of the electric plant at the works 
of the Link-Belt Company, where finally 
in complete charge of new electrical equip¬ 
ment, he changed over the entire system 


oi me electrical equipment at the Harri¬ 
son Safety Boiler Works of Philadelphia, 
where he later entered into a partnership 
with Charles Day (now of Day and Zim¬ 
merman) in a consulting engineering,•prac¬ 
tise- TMs company subsequently beeafiie * 
Dodge,, Day and Zimmerman, and Mr. 
Dodge’s work was-, chiefly in co'nneetion 
with public utility properties, Ms earlier 
consulting work having been the design, 
layout, and construction of power plants, 
transmission lines and substations. A 
registered professional engineer in the 
State of Pennsylvania* Mr. Dodge noV is 
a director of the Link-Belt Company, a 
member of the New York Electrical So¬ 
ciety , the American Society of Mechamcal 
Engmeers, and the Illuminating oEngi- 
neering Society. He is said to be an ex¬ 
pert in the field of aviation, and the first 
engineer in the Mstory of PMladelpMa ^ 
to be appointed director oi publje safety. 
This also is the first political appointment 
Mr. Dodge has had. 


A.-H. Kehoe (A’ 12, F’25) electrical 
engineer of the Urnted Electric Light and 
Power Company was one of those chosen 
vice-president of the New York Edison 
Company at a recent meeting ofi its board 
of directors. As superintendent of trans¬ 
mission and distribution and for over A 
nine years electrical engineer of the United 
Electric Light and Power Company, as 
well as a member of several important 
subcommittees of the electrical apparatus 
committee oi the National Electric Light 
Association^ Mr. Kehoe has established 
foiM Mmself a reputation of capability. 
His estimable record with the United 
Electric Light and Power Company 
started in 1911, in the laboratory on 
special investigations and design of new 
equipment. He progressed to important 
work in the meter department, and thence 
to the engineering department, where Ms 
duties were in connection with substation 
design and construction, also distribution 
system engineering in the arrangement of 
cable systems and service, transformers on 
network systems and the location and 
elimination of faults, and the maintenance 
of the continuity of service. He also 
worked on transmission system design and 
protection. He has contributed to te chni- 
cal literature, setting forth interesting 
and instructive phases of Ms own valuable 
experience. In his endorsements to the 
grade of Fellow was the commentary “Ms 
engineering work is admirable aM Ms 
etMcal standards of the Mghest.” 
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M. S. Sloan (A’07, F’30) for the past 
number of years identified as president, 
trustee and director of the several com¬ 
panies of the Consolidated Gas Company 
system, at a recent meeting of the board 
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of directors tendered his resignation. 
Mr. Sloan’s professional career induces a 
rapid ri$e from humble beginnings with 

• snfall southern power companies to early 
service with the General Electric Com- 
.panynnd assistant to the president of the 
power company at, Birmingham, Ala. 
1 hence he went to New Orleans iml917 
returning from that-point to become 
assistant to the president of the New York 
Edison Company, and finally succeeding 

• lc holas F. Brady (A’Ol) as president of 
. the latter company. * 


R. H./Tapscott (A’18, F’29) who has 
just been elected a vice-president of the 
New York Edison Company, became elec¬ 
trical engineer of the Edison company in 
1925. His first appointment to office 
•there, following his resignation from the 
General Electric Company, took place in 
October 1917, tfhen he was made assistant 
chief electrical engineer. Mr. Tapseott’s 
activity in committee work, both in the 
Institute and other societies, has been 
well known. In the A.I.E.E., he has* 
served as a member of the executive com¬ 
mittee of the standards committee for a 
number of years, on the electrical ma- 
c yUnery committee one year, on the power 
transmission and distribution committee 
two years, and as chairman of the head¬ 
quarters committee since 1928; in 1930 
he completed a term as chairman of the 
New York Section. Besides, he has been 
chairman of the electrical apparatus com¬ 
mittee of the National Electric Light 
Association, a member of its engineering 
national committee, and as a member of 
the electrical advisory committee is At 
present representing the light and power 
group. Mr. Tapscott has at all times 
mudenced not only high engineering 

Meal?’ bUt a fine Sense of Professional 


president of the Chamber of Commefce 
of Porto •Rico, affiliated with .the Cham¬ 
ber of Commerce of the United States. 
Mr- Krug is president also of Porto Ridb 
Service, Incorporated, a business man’s 
organization which promotes n&w indus¬ 
tries on*the island and exhibitions on the * 
mainland. He is an able menlber of the 
governors insular employment relief 
committee and of other organizations for 
emc welfare. . • 

\ 

^ EE (A’08) who has been serving 
the Louisville Gas and Electric Company 
m the capacity of general superintendent 
now has become vice-president in charge 
of operation to succeed Lewis Starr 
Streng (A’04, F’26) recently deceased." 
In addition to his new duties as vice- 
president, Mr. Lee’s nhme has been 
added to the directorate of the Louisville 
company He also has been very active 
m the field of aviation, and was 
of a special committee appointed by 
former Governor Sampson to draft the 
present state aviation laws. 



Kaiden—Keystone Studios 
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S. N. Bose (A’13, M’22) who since 1926 
has been assistant, and later, deputy 
«IiMf electrical engineer of the Tata Iron 
and Steel Company, Ltd., Jamshedpur 
India, now is chief electrical engineer of 
that organization. Notice in the Decem¬ 
ber issue of Electrical Engineering 
implied that Mr. Bose had gone to India 
only recently; the above therefore serves 
as a correction to the earlier statement. 

S - New York connection im- 
meiately pnor to his going to India in. 
1926 was with the J. G. White Engineer¬ 
ing Corporation, his affiliation with the 
wsmovia Electric Company, Cazeno- 

White* Y ’ iaVmg P receded that with J. G. 

Pmsderick Krug (A’17, M’25) vice- 

pS 6 ^- &n p ? 6neral of the 

Po^to Rico Railway, Light and Power 

Company, San Juan, has been elected 
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Sannosukb Inada (A ’22) one of the 
most distinguished of Japanese engineers 
and one who since 1925 has served as 
director general of telegraph and tele¬ 
phone engineering of the Teishinsho, or 
department of communication of Japan 
retired on January 11, 1932. He is well 
known in both American and European 
communication circles, and his work with 
the Teishinsho began in 1900 when he 
was graduated from the College of Tokio 
Imperial University, Since 1925 he has 

been also a professor of Waseda Univer¬ 
sity. 

Henry Snyder (A’24) recently elected 
president of the New York ind Queens 
Electric Light and Power Company, New ; 
York, N.'. Y., has been interested in the 

v** 1 ® Q ueens ev er since 1899 

whenhe asristed in merging two Newtown 

and two Flushing companies into the 
New York and Queens Gas and Electric 
Company. He was president of the New 


r 

to devote all his attention tio the develop-’ 
jaent of the electric company; of which he - 
became vice-president several years ago. 

Sir Oliver Lojjgb, scientist, has been 
, ^ 31ade til6 recipient of the Faraday Medal 
presented by the council of the Institution 
ot Electrical Engineers, of Great Britain. 
He is 80 years old. Sir Oliver’s experi- 
ments with high frequency oscillations led 
to the discovery and invention in 1894 of 
the coherer which contributed to the 
advancement of wireless telegraphy. The 
Faraday Medal is awarded not more 
than once a year for notable scientific or 
industrial achievement in electrical engi¬ 
neering. . 6 

T. S. Burns (A’31) has-been made 
senior engineer, United States Engineers 
^ Huntington, W. Va. Mr. Burns 
m l930was senior hydroelectric engineer, 

U.b. War Department, in charge of 
preparation of power report for the Pitts¬ 
burgh district, and prior to that was 
estimating engineer with the Pennsyl¬ 
vania Water and Power Company? Balti- 
more Md., in charge of estimates on the 
Safe Harbor project, Susquehanna River. 

B. S. Bessbsen (M’27) an associate 
electrical engineer in the United States 
Civil Service, who has been acting super- , 
intendent of the Muscle Shoals Develop¬ 
ment, Ala., for the past year, now has 
received his appointment as superinten¬ 
dent. Mr. Bessesen has held responsible 
positions in power development projects 
m the west and from 1922 to 1924 was 
instructor in electrical engineering at 
Oregon State College, Corvallis, Ore. 

,. ^ ITZ manager of produc¬ 

tion aifd transmission for the past year or 
so, for the Virginia Electric and Power 
Company, Richmond, Va,, recently was 
appointed general manager of the electric 
department for the entire system which 
serves tidewater Virginia and northeast¬ 
ern North Carolina. His new position 
gives him charge of distribution as well, 
and he will continue to make Richmond 
headquarters. 

E. V. Saylbs (A’23, M’30) who has 
been investigations engineer for the elec¬ 
trical engineering department of Allied 

ngmeers, Inc., Jackson, Mich., now has 
become general engineer for flu> Common¬ 
wealth and Southern Corporation, in 
Jackson. Mr. Sayles has served on the' 
underground systems committee of the 
N.E.L.A. and is a member of the Asso¬ 
ciation of Iron and Steel Electrical 
Engineers. 

A. H. Diceinson (A’30) formerly re¬ 
search assistant in the department of fuel 
and gas engineering, Massachusetts Insti¬ 
tute ofTechnology, Cambridge, Mass., 
has joined the International Business 
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Machine Corporation, New York, N. Y., 
as assistant engineer. While a member cff 
the M.I.t. research staff, Mr. Dickinson 
developed a method for the more accurate 
calibration of high pressure gas meters. m 

% H. p. Csaelbswoeth (M’22, P’28) 
viee-presiderxt of the Institute and of the 
Bell Telephone Laboratories, Incorpo¬ 
rated, Newr York, 'N. Y., and A. W, 
Behresporjo ( A’94, F’14) papt-president 
of the Institute and managing director of 
the. National Electrical Manufacturers 
Association, USTew York, N. Y., are two 
of the recently elected board of trustees 
of United Engineering Trustees, Inc. 

Daniel, W. Mead (A’ll, F’13) con¬ 
sulting engineer, New York, N. Y., and 
Madison, Wis-, and professor of hydrau¬ 
lics and sanitary engineering at the Uni¬ 
versity of Wisconsin, at the annual 
meeting of tlie American Society of Civil 
Engineers, held in New York at the Engi¬ 
neerings Societies Building, January 20, 
1932, was made an honorary member of 
that organization. 

B. W. Sorensen' (A’07, F’19) professor 
of electrical engineering at the California 
Institute of Technology, Pasadena, Calif., 
recently was made a member of the board 
of consulting engineers for the Metro¬ 
politan Water- District of Southern Cali¬ 
fornia. Tlie February issue of Electri¬ 
cal Engineering incorrectly referred to 
this appointment as one to the board of 
directors. 


^ J. A. Cook C-A’15, F’30) superintendent 
of the electrical department of the Lynn 
Gas & Electrics Company, Swampscott, 
Mass., recently was elected chairman of 
the New England System Operators’ 
Club, and S. O. Jacoby (A’21) superin¬ 
tendent of transmission apd distribution, 
of the Montaup Electric Company, Fall 

River, Mass., was chosen as the club’s 
secretary. 


Banmeutt and Company, New York, 
N. Y., now has removed to Bridgeport, 
Connecticut, as vice-president of the 
Bullard Company. During 1930-31, Mr. 
Homer vas a director of the United 
. States Chamber of Commerce. 

A 

* 

L. M. Klaubbr (F’23) heretofore vice- 
president and general superintendent of 
the San Diego Consolidated Gas and 
Electric Company a subsidiary of the 
Byllesby Engineering aifd Management 
Corporation of Chicago‘has been chosen 
vice-president in charge of operation for 
the San Diego company. * 

Mabel MacFerran (A’28) who has 
Jieen technical assistant to the operating 
engineer of the Southern California Edi¬ 
son Company, ,Los Angeles, Calif., now 
has been made assistant electrical engi¬ 
neer of the Metropolitan Water District 
of Southern California, Los Angeles 
Calif. ’ 
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* 

A. E. Keistjstejlly (A’88, F’13) past- 
president of tlie Institute and professor 
emeritus of electrical engineering Har¬ 
vard University and Massachusetts Insti¬ 
tute of Technology, Cambridge, Mass, 
recently was elected an honorary member 
of the German EJlektrotechniseher Verein 
tmd also of -tlie Japanese Institute of 
JSleetrxcal Engineers. 

R. M. Garth (A’24) who was distribu¬ 
tion eo^noer for the Knoxville Power and 
Light Company and associated com¬ 
panies, the Tennessee Public Service 
Company and Hoiston River Electric 
Company, now has been made assistant 
electncal engineer, Navy Department, 
Bureau of Yards and Docks, Washington! 

_ L S Eobwr (a . 04) (orm 

dent of Niles-Bement-Pond and Kissel 

* . m . 
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W. J. Miller (A’19, M’26) resigned as 
dean of engineering and professor of 
electrical engineering at Texas Techno¬ 
logical College to accept the position of 
professor and head of the department of 
electrical engineering at the University 
of North Carolina, effective January 1932. 

C. 0. Von Dannenbero (A’06, M’30) 
previously serving the Electric Manage¬ 
ment and Engineering Corporation, New 
York, N. Y., as assistant electrical engi¬ 
neer, now has joined the engineering 
department of the Pennsylvania Central 
Light and Power Company, Altoona, Pa. 

C. G . Jones (A’16, M’18) has left the 
Westmghouso Electric and Manufactur¬ 
ing Company’s head offices at East Pitts¬ 
burgh, Pa., and his work as inductive 
heating engineer, to become special 
en^neer for the Youngstown Sheet and 

Tube Company, Youngstown, Ohio. 


appaeawon engineer. Previously Mr. 
Morris was with the company’s Los 
Angeles office as general engineer! , 

C. L. Farrar (A’23) who has been 
serving as associate professor of elec tricar 
engineering, University of Arkansas, 
Fayetteville, Arlc., now is engaged in the 
electrical engineering department of the 
school of electrical engineering, Univer¬ 
sity of Oklahoma, Norman, Olda. 

C. N. Brubaker (A’19, M’29) in the . 
past managing engineer of the trans¬ 
former department,' General Electric 
Company, Erie, Pa., has added his name 
to the roll of the Institute’s Pittsfield 
Section as a result of his recent transfer 
to tBe company’s Pittsfield offieh. ^ 

P. J. Stevens (A’12, M’27) who has. 
been serving as superintendent of the' 
Parkersburg (W. Va.) plant of. the Por¬ 
celain Products, Incorporated, recently 
identified hims'elf with the American Lava 
oinpany, Chattanooga, Tenn., as pro- 
auction engineer. 

R. B. Tenney, Jr. (A’lO) recently 
joined the Power Cost Engineering and • 
Appraisal Corporation of San Antonio, 
Tex., as its consulting engineer in Dallas. * 
His previous affiliation was as engineer 
of the Texas Power and'Light Company 
also at Dallas. ' 

Alexander Nyman (A’lD, M’26) who 
heretofore has served the Radio Patents 
Corporation, Now York, N. Y., as vice- 
president, Assigned from that position 
and now is consulting engineer for the 
, Shortwave and Television Corporation, 
Boston, Mass. 

W. C. Woodson (A’22) formerly assis¬ 
tant engineer, meter department of the 
New York Edison Company, now is 
assistant engineer in the meter and test 
department of the United Electric Light 
and Power Company, Irving Place, New 
York, N. Y. 

^ . 

E. D. Wood (A’21, M’26) formerly 
electrical operating engineer for the 
Louisville Gas and Electric Company 
now has been advanced to the office of 
general superintendent, to succeed A W 
Lee (A’08) who lias assumed new execu¬ 
tive duties. 

* D ' . Sr ™ ro (A’23) previously 
traffic engineer for the Wheeling Traction 

Company, (W.Va.) has been (Selected 
assistant to the president of the Blue 
Ridge Lines, the bus subsidiary of the 

burgh P p 7 EleCtrie Com P an y of Pitts- 


E. W. Morris (A’29) has been trans. n o nr 

^n r Fran d dT^ X ** 




announced in Electrical Engineering 
for February 1932, p. 140. • 

• 

R. J. Clingbrman (A’29) bas resigned 
4 from»his work with the Consolidated Gas 
Electric Light and Power Company of 
Baltimore, Md., ari<J *made new cpnnec- 
tions in the sales department of the Ochil¬ 
tree Electric Company at Pittsburgh, Pa. 

R. M. Arnold (A’25) who was chief 
, engineer of the radio division of the 
United Air Cleaner Company, Chicago, 
HI.,* recently 'v^s elected vice-president 
and chief engineer of the United Air 
Cleaner Corporation of Chicago. 

J 1 * Y' ENN (A.’28) formerly inspector 
of the maintenance engineering depart¬ 
ment of the Western Electric Company, 
•Kearny, N. J., has gone to Clewiston, 
Fla., as assistant engineer for the United 
States Sugar Corporation. • 

G. H. Bucher (M’24) a’ssistant general 
manager of the Westinghouse Electric 
International Company, New York, N. Y. 
recently was elected its vice-president and 
general manager. His headquarters still 
will be in New York City. 

r* 

A. L. 'Woodhouse (A’02) vice-presi¬ 
dent of the Dixie Power Company, Cedar 
•City, Utah, has removed to Palo Alto 
and is now vice-president and manager of 
the Central Mendocino County Power 
Company, Willits, Calif. 

Erland Johnson (A’25) who has been 
mechanical and electrical engineer for the 
Detroit Rock Salt Company, Detroit, 
Mich., now has engaged as superin¬ 
tendent of the Avery Salt Company, 
Avery Island, La. 


M, £1 Lock (A’25) who has been 
serving the firm of Lock, Lang & Austin, 
Irvington, N. J;, as radio engineer, now Is 
chief Engineer at the WNJ radio station of 
Newark, New Jersey. t 


P. If Doty (A’30) previously of the 
industrial department, Gene&l Electric 
Company, Schenectady, N. Y., has been 
transferred to tljp company’s San Fran¬ 
cisco office. * * 


O Lituary • 


Harold Babbitt Smith (A’91, F’13) 
junior past-president of the Institute 
and for 35 years head of the electrical en¬ 
gineering department of Worcester Poly¬ 
technic Institute, died February 9, 1932, 
after an extended illness of almost a year’s 
duration. Doctor Smith was born at 
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W. H. Spencer (A’27) who as assis¬ 
tant secretary to Montreal Light Heat 
and Power Consolidated has been super¬ 
vising accident prevention work for this 
company, now will specialize in safety 
engineering. 

", A- J' Duncan (A’09) previously presi¬ 
dent and general manager for the Fort 
Worth Power and Light Company, Fort 
Worth, Texas, has been chosen president 
of the Texas Electric Service Company of 
that city. 

Melvin Block (A’30) who has been 
sales engineer of the Wagner Electric 
Corporation, at Pittsburgh, Pa., now has 
joined the American Shoe Machinery and 
Tool Company, St. Louis, Mo., as a sales¬ 
man. 

David Nemetz (A’28) who was sales 
engineer for Electrical Distributors, Van¬ 
couver, B. C., Can,, recently was made 
president of the Standard Electric and 
Radio Company of Vancouver. 


Barre, Massachusetts, May 23, 1869. 
Graduated from Cornell University with 
the degree of M.E. in E.E. in June 1891; 
he remained as graduate student until 
December 1891. In January 1892 he was 
appointed professor of electrical engineer¬ 
ing^ in charge of the department at the 
University of Arkansas. Resigning this 
position later the same year, he became 
head designer and electrical engineer for 
the Elektron Manufacturing Company, 
Springfield, Mass. From September 1893 
to June 1896 he was director of the de¬ 
partment of electrical engineering at Pur¬ 
due University. He had held his position 
as professor of electrical engineering and 
director of the department at Worcester 
Polytechnic Institute ever since 1896. 

Until 1902 Doctor Smith retained a 
connection with the Elektron Manufac¬ 
turing Company as consulting engineer 
doing consulting work for several other 
organizations at various times. Since 
1905 he had served as a consulting engi¬ 
neer for the Westinghouse Electric and 
Manufacturing Company of East Pitts¬ 
burgh, Pq„ 


1% 1904*he was chairman of the inter¬ 
national group, jury of awards in electri¬ 
cal engineering at the St. £ouis Exposition. 
During the years 1917-19, he was an as¬ 
sociate member* of the Naval Consulting 
Board and consultant of the special board’ 
of the Navy on anti-submarine work. He 
has been a pioneer in the development of 
high-voltage power transmission systems 
♦and equipment, carrying on many re¬ 
searches involving advanced conceptions 
of dielectric phenomena and stress distri¬ 
bution. He has obtained numerous 
patents, and has contributed many papers 
to the transactions of the engineering 
societies and other technical publications. 

Doctor Smith resigned his educatio nal 
chair at Worcester Polytechnic Institute 
effective June 1931. As one" well known 
in engineering and education he always 
has carried forth a multiplicity of duties 
in these fields. His share in Ins titute 
activities has been abundantly repre¬ 
sented by service on several of its- commit¬ 
tees simultaneously, including: law 1920- 
21; electrophysics and student branches 

1920- 27; instruments and measurements 

1921- 22; educational 1922-27; sections 

1922- 28; Edison Medal 1924-26, 1929-30, 
1930-32; research, coordination of Insti¬ 
tute activities, and meetings and papers 
1924-27; code of principles for professional 
conduct 1928-29; executive 1929-31; and 
public policy 1930-31. He was appointed 
also to the John Fritz Medal board of 
award for 1929-33, the U.S. national com¬ 
mittee of the I.E.C., the Chas. A. Coffin 
Fellowship and Research Fund committee 
1929-30, .and the American Engineering 
Council 1930-31. Has other memberships 
included American Society of Mechanical 
Engineers (Member), Institution of Elec¬ 
trical Engineers (Great Britain), Society 
for the Promotion of Engineering Educa¬ 
tion, American Association for the Ad¬ 
vancement of Science, Sigma Xi, and Tau 
Beta Pi. Li 1929 Doctor Smith had two 
honorary degrees conferred upon him; 
Doctor of Engineering from Purdue 
University and Worcester Polyte chni c 

- Institute. 


Max Toltz (M’22) since 1907 a promi¬ 
nent consulting engineer with offices in 
St. Paul, Minn., died at }jis home there 
January 11, 1932. Mr. Toltz was a 
native of Koeslin, Germany, where he 
attended the Koeslin Royal Gymnasium, 
later winning his civil engineering degree 
from the Royal Polytechnikum in Berlin, 
in 1878. A degree of doctor of engineer¬ 
ing was conferred upon him in 1924 by 
the Ramsey Institute of Technology, St. 
Paul, Minn. After graduation from the 
Royal Polytechnikum, he served a short 
apprentice with a Berlin firm and before 
coming to the United States in 1882 was 
connected with the Prussian government. 

In toon 1 . i 
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citizen, and demoted the first 25 years 
spent in the United States to the develop¬ 
ment of railroads, especially in the north¬ 
west. The St. Paul, Minneapolis and 
Manitoba (later th$ Great Northern) 
♦railway benefited by Mr. Toltz’ effort 
und energy, his final office with it being * 
engineer in charge of motive power, a 
position achieved by step-by-step pro¬ 
motions from the position of draftsman. 
He was consultant in mechanical engi¬ 
neering; for the Winnipeg workshops of 
the Canadian Pacific Railway and also 
for the Jersey City workshops of the Erie 
railroad; he was vice-president and general 
manager for the Manistee and Grand 
Rapids railroad. During the period 1907- 
10 the electrification of the Great North¬ 
ern, the Northern Pacific, Butte, Ana- * 
conda & Pacific, and Chicago, Milwaukee 
& St. Paul railroads deeply engrossed him, 
as did also work on the ore docks for the 
Great Northern, Northern Pacific & Soo 
lines. „In 1910 he organized the Toltz 
Engineering Company 0 f St. Paul, of 
which he was president, an office which 
lie hSld also in the successor company, 
Toltz, King & Day, Inc., formed in 1918. 
Mr. Toltz retired from active business in 
1928. During the World War, from a 
captaincy which he had held for many 
years in the Minnesota National Guard, 
he was given the rank of major in the con¬ 
struction division of the Quartermaster 
Corps, and in this capacity supervised the 
construction of General Hospital No. 2, 
at Fort McHenry, in the city of Balti- 
more, Md. He was a valued member of 
the St. Paul Interprofessional Institute, a 
director of its national board; a vice-presi¬ 
dent of the American Society of Civil 
Engineers, a member of the American 
Railway Master Mechanics Association 
and of the American Society of "Military 
Engineers. He has served as president of 
both the Engineering Society of St. Paul 
and of the Federation of Architectural 
and Engineering Societies of Minnesota. 

Ho was also a member of .the Vereines 
Deutseher Ingenieure. Of the American 
Society of Mechanical Engineers, which 
he has served in various capacities since 
1904, he has been manager, vice-president, 
and organizer and first chairman of its 
St. Paul local section, a member of its 
executive committee, the 1932 nominating 
committee, and its committee of awards. 

The press reports that student loan funds 
of $15,000 .each have been left by Mr. 
Toltz to the civil and electrical engineer¬ 
ing professions, the income from these 
amounts to be administered by the parent 
organizations. In 1925 a similar fund was 
established by him for the mechanical. 
engineers. 


* died January 23, 1932, after a prolonged 
illness. He was a native of Sweden, and 
^was educated there, being graduated from 
the College of Upsala in 1894 and from 
the Royal Technical Academy in Stock¬ 
holm in 1898, with degrees in civil and 
electrical engineering. In 1900 he engaged 
with a 'Stockholm firm manufacturing 
telephone apparatus; then with the 
General ^Swedish Electric Company as 
estimator for plants of every kind. Fol¬ 
lowing this experience jro was appointed 
superintendent of the Holmia Electric 
Company of Stockholm, in which capac¬ 
ity he remained until 1903. The next 
uear he came to America and joined the 
New York Edison Company, remaining 
, with it briefly before identifying himself 
with Westinghouse, Church, Kerr and 
Company for drafting work in connection 
with the construction of the Long Island 
railroad electrification. Through the 
period 1905-07 he was commercial engi¬ 
neer for Allis Chalmers Company, th e n 
left for the Canadian General Electric 
Company, where he became engineer of 
power plants and power transmission. In * 
1908 he joined the Crocker-Wheeler Com¬ 
pany, spending a year and a half in charge 
of the estimating department, a like 
period as industrial engineer, two years 
as Pacific Coast engineer and the rest of 
his stay with that company as assistant 
chief engineer. September 1916 he be¬ 
came chief electrical engineer* for the 
Tennessee Coal, Iron and Railroad Com¬ 
pany, a subsidiary of the U.S. Steel 
Corporation, remaining with these inter¬ 
ests up to the time of his death. He was 
a member of the Association of Iron and 
Steel Electrical Engineers, the American 
Society of Mechanical Engineers, the 
American Association for the Advance¬ 
ment of Science and the American Society 
for Steel Testing. He also had been a 
member of the Engineers Club of New 
York since 1909, and of the Engineers 
Club of San Francisco since its inception. 
Mr. Fries was 56 years old at the time of 
his death. 


advanced a year later to the offiee of 
superintendent and engineer. In this po¬ 
sition he remained until 1901, when he « 
was made assistant chief draftsman for 
the Bullock Electric Manufacturing Com¬ 
pany of Cincinnati, Ohio, becoming 
general superintendent in 1903 an3 re¬ 
maining such until i907. The last year of 
this period he was also superintendent of 
the electrical departnfent of the AlKn 
Chalmers Company, Milwaukee, Wis. 
This was the position fitun which he went 
to the Goulds Manufacturing Company.* 
as its general superintendent. Besides* 
his Institute affiliations, Mr.'Pomeroy 
belonged also to the American Society of * 
Mechanical Engineers and the American 
Institute of Mining and Metallurgical 
Engineers. By the former he wasstwarded 
the Melville Medal for a paper which he 
prepared jointly with Prof. Herman 
Diedriehs of Cornell University on the- 
subject of ';‘The Occurrence .and Elimi-. 
nation of Surges or Oscillating Pressures: 
in Discharge Lines from Reciprocating 
Pumps.” 


Joens Elias Fries (A’04, F’15) chief 
engineer of the Tennessee Coal, Iron and 

Railroad Cojppany, Birmingham, Ala., 

* 
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William Dutton Pomeroy (A’99, 
M 21) general manager, vice-president 
and director of the Goulds Pumps, Inc., 
Seneca Falls, N. Y., died January 6,1932, 
after an illness of a year’s duration. He 
had been with the Goulds company since 
1908, when he became its general super¬ 
intendent. His birthplace was Utica, 
N. Y. (1874). After graduation from Cor¬ 
nell University in 1896, with an M.E. 
degree, he spent a year as draftsman 
of the Bossert Electric Construction Com¬ 
pany at Utica, leaving it to continue in 
electrical construction work with the Belt 
Line Street Railroad Company of 
city. He then removed to Akron, Ohio 
and joined the Akron Electric Manu¬ 
facturing Company as a draftsman, to be 


Alexander Jay Wubts (A’92, M’92) 
electrical engineer and a rCepaber of th<? 
first faculty of Carnegie Institute of Tech¬ 
nology, died at his h&me in Pittsburgh 
Pa., January 21,1932, in the 71st year of 
his age. His birthplace was CarbondaJe, 
Pa. He attended Yale University which 
in 1883 conferred his Ph.D. upon him. 
The following year he received his M.E. 
degree at Stevens Institute of Technology. 
He then 1 'spent two years in the Poly- 
technikum. Hanover, -Germany, and in. 
the fall of 1886 began work with the 
United States Electric Lighting Company. 
December of the same year he was placed 
in charge of the factory of the Julien Elec¬ 
tric Company, Camden, N. J., and a year 
later joined the Westinghouse interests. 
For eleven years Mr. Wurts was research 
engineer for George Westinghouse in the 
development of the Nernst Jamp, ar¬ 
resters, etc. His identification with the 
Westinghouse Electric and Manufactur¬ 
ing Company carried over a period* of 
twenty years; in the course of events he 
met Andrew Carnegie, and through this 
acquaintance was elected as the first 
faculty member of the Carnegie Techni¬ 
cal School, which later became known as 
the Carnegie Institute of Technology. 
After four years as professor of engineer¬ 
ing research, Mr. Wurts gave wp teach¬ 
ing, retaining however the chairmanship 
of the student welfare service of Carnegie 
Institute. Through the Franklin Insti¬ 
tute, Mr. Wurts received the John Scott 
Medal from the city of Philadelphia for 
his work with lightning arresters and his 
discovery of five non-arcing metals. He 
was a member of the American Phil¬ 
ological Society. 
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Joh^Robertson Cowley (A’25,M£29) 
. city electrical engineer, City of S^katoon, 

Canada, and past-chairman of the Insti- 

♦ tute’s Saskatchewan Section, died Janu¬ 
ary 16, 1932. He was born in Dundee, 
Seo^laW, September 11, 1882, and his 
early education was obtained at the Harris 
Academy v in Dundee. His technical train¬ 
ing came through two years electrical and 
mechanical engineering course at the 
Hariot-Watt College, Edinburgh, and the 

• University of Edinburgh, Scotland. He 
• then served a three-year apprenticeship 

with e an electrical engineering firm in 
Dundee'before Joining the Corporation 
•Electricity Works, City of Perth, Scot¬ 
land. From 1904 to 1907 he was assistant 
engineer with a municipal tramways 
company cff Scotland, afterwards bee8m- 
ing engineer in charge of distribution for 
ihe Clyde Valley Electrical Power Com¬ 
pany, Glasgow, Scotland. In 1911 he 
came to Canada as chief operator for the 
Canadian Light 'and Power Company, 
Montreal. This led to his work with the 
City of Saskatoon, first as assistant city 
electrical engineer and then as city elec- ’ 
trical engineer, with full charge of genera¬ 
tion, distribution, and accounting in the 
department. His assistantship covered a 
m P 6 ” 0 ^ of rapid expansion and the results 
which he obtained through his own leader¬ 
ship were most noteworthy. The city 
installation included a 10,000-kw. plant 
and distributing system, in connection 
with which practically all design and 
construction devolved upon Mr. Cowley 
during his term of ofihce, which extended 
well over a full period of twelve years. 


m charge of high-voltage line layout and* 
installations and special design and on 
construction of switchboards fof indus¬ 
trial presses, as well as for the Chinese 
government. He had been a member of 
the Institute’s Milwaukee Section for 
some tiifte, and as such took active part 
in Institute operations. • * 


William Harrison Bullock (A’46) 
for a number of-years general engineer of 
the Westinghouse Electric and Manufac¬ 
turing Company, Denver, Colo, and past- 
cha’irraan of the Institute’s Denver Sec¬ 
tion, died January 21,1932, in his fiftieth 
year. Mr. Bullock was a graduate of the 
University of Colorado from which he 
obtained his B.S. in E.E. in 1904.. At the r 
time of his death he was associated with 
H. S. Sands, consulting engineer in Den¬ 
ver. His service with the Westinghouse 
company dated from an apprenticeship in 
1904, from which time he progressed 
consecutively through the sales and engi¬ 
neering department to industrial motor 
application in coal and metal mining and 


miseeUanetfus sbpp applications; also the 
application of electrical apparatus to agri¬ 
cultural situations to be found in the 
Rocky Mountain region. Mr. Bullock 
held membership -also in the Electrical 
League of Colorado.. * * 

n 

Bradley Lyon Child (A’23) con¬ 
noted with the long lines enginee ring 
department ,of the American Telephone 
and Telegraph Company, New York, 
N. Y., as transmission engineer, died 
January 20,1932, after a brief illness. He 
had served this company for 27 years. 
Bom at Meriden, Connecticut, in 1884, 
Mr. Child came to Brooklyn, N. Y. 
graduating from Brooklyn Polytechnic In¬ 
stitute with the 1903 -class in” steam and 
machine design, and continuing with a 
special course which he followed by fur¬ 
ther study on electrical subjects. Since 
coming to New York, he has always been 
a resident of Brooklyn, Immediately fol¬ 
lowing his technical studies, he-joined the 
American Telephone and Telegraph Com¬ 
pany in New York. 


Local Meetings 



William H. Fbrnholz (M’21) sales 
engineer of the Electrical Engineer’s 
Equipment Company, at Milwaukee, 
Wis., died January 25, 1932. He was 
bom in Westphalia, Germany in 1883 and 
after a full four-year course at a college 
of engineering in Germany, following 
earlier training at a technical school in 
Thuringia, Germany, he came to the 
united States in 1906 and entered the 
switchboard department of the Bullock 
Works, Cincinnati, Ohio. From this 
first position he changed two years later 
to drafting work with the Vilter Manu¬ 
facturing Company, the Johnson Service- 
Company and the Allis-Chalmers Com¬ 
pany, respectively, all of Milwaukee; in 
1817 he was advanced to the position of 
chief draftsman of the Federal Rubber 
Company of Milwaukee, and later in that 
same year, he became district manager 
for sales and engineering of the Electrical 
Ejpnpment Company of Chicago with 
offices in Milwaukee. While with the 
AUis-Chalmers Company, Mr. Fernholz 
did considerable design work in the build¬ 
ing of switchboards; also consul ting engi¬ 
neering and layout work. He did a 
valuable amount of important engineering 
in conjunction with electric power plants, 
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Firture 

Section JWeelinfj® 


Akron 

March 8— Electrical Refrigeration and 
Air Conditioning, by W. M. Timmerman 

Jt-?' ef 2fL° 0 ' Movies - Meeting to be 

held at Ohio Pwr. Oo., Canton, preceded by 

dinner at Elks Club. uy 

April 12-Thb Electrical Industry and 
a v J« 0BLEMS of the Institute, by Dr. 
O. E. Sldnner, pres. A.I.E.E., asst, director of 
engg., Westinghouse Elec. & Mfg. Co„ Movies. 
Baltimore , 

n a ^ ar <? 18 r S “ bjeCtt0beann °unced. Speaker: 
S °Son GreenIe6 - Dlreotor of Naval Experimental 

April 15 Subject to be announced. SDeakers 
from Western Elec. Oo. speakers 

Chicago * 

by J p a E h InT 0O0B n NA ' r,ION ° P Insulation, 
Slnols WS ’ Pvt> - Serv ' 0o ' of Northern 

Cleveland * 

me6tlng Mth Case Sch - of 
O Sr 6110 raQOh ' Speaker: Dr - Dayton 

April 21—Electric Refrigeration and 
Domestic Air Conditioning, by W. M Tim¬ 
merman, Gen. Elec. Co. . 

Dallas 

AN^ a C? il r 2 i'~S lNI>ERQR0TTNI> °ONSTRUCTION 
Cable Developments, by John Oram, 


SSwSESii 0 '’ - Mx,aae •» »« m 
* 

Detrott-Ann Arbor 

1 March 16-Vacuum Tubbs and Their Ap- 
&Mfg!oo ^ E ' H ‘ Yedder - Westinghouse Elec. 

April 19— Commercial Metering of Elec¬ 
tric Energy, by A. S. Albright", Detroit Edison 

Lehijih Valley ' 

March 18—Research—Industry’s Health 
Bl^&S.So. 8 ’ M - ***”' Westinghouse 
Louisville 

March 18— Men Who Have Made Elbc- 
thl f 1 B . NQINEDIUN<3 History. Meeting under 

April 1&—-Inspection trip to Bowman Field 
AJport. Fundamentals of Plane Constrho 
byA ' W - Lee ’ LoulsvIUe ^ 

Lynn r 

W Dr. 

16 ~ Local convention. Subject: Re- 
cent Developments in the Thomson Re- ' 
search Lab oratory, Gbn. Elec. Oo. 

March 26 —Inspection trip. 

Pittsburgh 

inUS w 1 " 4 meeting with Association of 
Ensre - an<1 EBetae * 8, ,<* 

Pittsfield 

m + 


Electrical Engineering 


• « 


Seattle • * 

March —Annual joint meeting of Founder 
societies. * 

■April 19—Joint meeting with Student Branch 
at Univ. of Washington. , .. 

Spokane * * 

March 25—Joint meeting with Student 
Branches at State Ool. of Washington and Univ. 
of Idaho. Papers by local members and students. 

April 22—New Developments in Oil Cir¬ 
cuit Breakers, by J. Ff Spease, Gen. Elec. Co. « 
Toledo m 

March 18—Inspection trip through Bldgs. 6 
and 7 of the Rossford plant of the Libbey-Owens 
Ford Co. 

April is—P roblems in the Design of 
Large Turbo-Alternators, by S. H. Morten- 
sen, Allis Chalmers Co.; Application of Elec¬ 
tricity in Industry, by R. E. Paxton, Toledo 
Edison Co. 

Vancouver * 

March 7—Students’ night. 

April 4— Switchgear, by W. D. Robertson. 
Canadian Gen. Elec. Oo., Ltd. 


mohd.Stamey Works. Demonstrations. Jan. 
19. Att; l42. 


Dellas 

Joint meeting with Southern Methodis\ Univ. 
Branch, following papers presented by stu¬ 
dents: Thyratbon Tubbs, by J. V. M&ton; 
Deion Circuit Breaker, by J. W.* Emery; 
Recent Developments in Radio Receiving 
Tubes, by J. N. Walker and D. Ramsey. Jan. 
18. Att.60. « 

Denver • * 

, *• 

Four Films—“Earl Carroll JLh the House of 
7 ~ a ®j c ’” “Mica Insulation b£ Machine Meth¬ 
ods," “Mazda Lamps Preferred,” and "The 
Electric Ship,” Dinner^ Jan, 15. Att. 70. 

Detroit-Ann Arbor • 

c. ® U8INEBfl op Bein% a Woman, by Miss 
s. M. Sheridan,- Detroit Edison Co. Dinner 
dancing, and bridge. Jan. 10 . Att. 91. 

Jjrie 

The Theories of Ether Waves and Radia¬ 
tion, by W. E. Forsythe, Gen. Elec. Co. Illus 
Jan. 19. Att. 125. 



Akron 

& Jrr??’ by ® r - J - °* Perr “e. Amer. Tel. 
& Tel. Co. Illus. Dec. 8. Att. 1,600. 

a /A-R ay Inspection of Welds, by Ancel 
Att^S 11, St JOhn X " Ray Serv - Corp< Jan - 12. 
Atlanta 

The Elewmoal Industry of Today bv 
Br O. E. Skinner, pres. A.I.E.E., asst, director 
of engg., Westinghouse Elec. & Mite Co Joint 
meeting with A.S.M.E. See. J.a O A °t too 
Baltimore , , . 

Electrons at Work and at Play, by Dr 
Phillips Thomas, Westinghouse Elec. & Mfg 
Co. Demonstrations. Dinner. Jan. 15 . Att. 975 .’ 
Boston 

srjrsis^ “ ° f Th »““ a - ■«—. 

Chicago 

p T®? ° OKTBOI ‘ Vibration and Noise in 
Power Stations, by P. E. Stevens, ByUesbv 

meetto^ 1>0monstr atlons. Joint 
aS 150 ^ h h6 Westem Soc - of Engrs. Jan. 7. 

Cincinnati * 

Mtg.Oo. nius. Dinner. Dec. 10. Att. no 

Talking Movies-Histobical and PrJSnt 

Day Developments, by F. L. Hunt, Bell Td 
Labs. Inc. Illus. Jan. 14. Att. 330. 

Cleveland 

^ The Electrical Industry of Todav 
Dr. C. E. Skinner, pres. A.I.E.E., asst direct 
Wmtinghouee Elec. * Mf g. 0o . j“ r 


Houston 

Joint meeting with Rico Inst, and A. & M 
Ool. of Texas Branches. First and second prizes 

S? e A B ° yette ' KIce Insti " O 

Al & M - Ool., respectively. Jan. 1 «. 

Aut. 06m 

Indianapolis-Lafayette 
Arc Welded Steel Houses, by R G 

Ithaca 

jyZZXZTV Eo ° NOM1 ° Situation, by Doan 
Dexter S. Kimball, Cornell Univ. Joint meeting 
with Cornell Univ. Branch. Dec. 11 . 44 , t fi0 B 


Connecticut 

Vacuum Tubes and Some of a 

?r . by J. D. lAVan. Ea®Sa S„ ”p“°o 
Kelly, Bhgg. tmd Besearch Oorp., ,cd i E ay-' 
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IiOs Angeles 

P Making * *>y L - T. Eliol. Fair- 
bfoatt E ^’ V 7 S - Inc -: Airport Signaling. 
PmuTsfl^? 66 ?; Commanding Oilicor, 478th 
t’uisult Squad. Dinner. Jan. 12. Att. 250. 

Louisville 

Practical Application of Light Sensitive 

Mf^CD y n V f dder ’ WeBU *Bbouze Elec. & 
Mfg. Co. Demonstrated. Jan. 22 . Att. 350 . 

Lynn 

SToStTiSr MuseuM - 

Adventures in Science, by E. L Mannimy 
Gen. Elec. Co. Jan. 8. Att. 850. * 8 ‘ 

Gas Compression and Applioation of 
bneral Electric Compressors, by R p 
Mansfield, Gen, Elec. Co. S. N F TTorimn M ,1 " 

S bed n th vf yari0US typos of compressors mamt 
factmed by Gen Elec. Co. Superchargers. 

175 S' A. Moss, Gen. Elec. Co. J an . 20. Att. 

Madison 

Totes toLTT^r 1101 ' 0F ' 
jlotes, by L. L. Ludwlgsen, Gon. Elec Oo 

Discussion. Dinner. Jan. 20. Att. 47. 

Memphis 

Att°e6." W “ tJ ” Bhousli * MfB. Oo'. Jon. 7 . 

Mexico 

* E ’ Arlas described the electrically onerat 
bridge spanning the Panuco River atTam^f 

the lines of the National Ry. of Meldco uin* 
Jan. 19. Att. 40. Mexico, Ulus. 

Milwaukee 

What is Best for the Engineer bv E a 
Nethercut, director and secy. Western Soc." of 


■ 0 . 

• m 


* -m 


EngrS. Joint meeting with Western Soc. of 
•Engrs. Dinner. Dec. 16. Att. 250. 

The Milwaukee Vocational Sc&ool—J tra 
Scope and Object, by R. L, Oooley, director. 
Moving pictures. Dinner, Jan. 20. Att. 125. 

Minnesota * • 

Informal talks by Pfof. J. M. Bryant, 1C. J. 
Reinbold, O. Gaardon, E. # H, Ilagon- 
fflek, E. J. LoBlond, and A. O. Willard. Inspec¬ 
tion trip through tho Northern States Pwr. Co. 
bldg. Refreshments. Jan. 27. Att. 40 . 

Niagara Frontier , 

IJr THB Aviation Industry, 

Atfl^ ’ WeSt6m EleC - C °* IUUS ’ Jan - m ‘ 

Pittsfield * 

Di?m7 UI ^ NQ Animai ' s > by Frank. Buck. 

Dinner. Doc. 1. Att. 1,375. 

Electrical Instruments as aTn Aid to Avia- 

c B z e :r£rs. 

Syhthm8 * by Fhilip Hfiorn, 

Att m. ,,S lllus - “^biner. Jan. 19. 

W.7*S,* 0 “‘ >t - ' Carl v,,n 

Portland 

The Men and the System Behind the Five- 
YeauPlan, by G. W. Froiclo. Jan. 10 . Att. 113. 
Providence 

A DuiVI ' w Clocks 

w Regulation from Their Use bv 

H. E. Warren, Warren Tehicliron O*. Donimt- * 
stations. Jan. 12 . Att. 50. 

St. Louis * 

A New Type of Silent Fan, by Prof W I, 

as. Er ^ **££££ 

San Antonio 

The Eacjlb Pass Hydro Plant, by O L 
Dowoll. Contra! Pwr. & Lt. Oo. Jan. ia. Atk 

San Francisco 

New and Interesting Developments in the 
Electrical Field, by A. W. Copley WtLtli te 

7 1 , Mich abl Faraday, by Wm 

J^'aTiT DniT - 0f 0uUt - n “ m " : 

Sharon 

Oo A Z.T Att“So by “• Q " n - E “»- 

Southern Virginia 

Businoss meeting. Election of o/Bcoi-e 
follows: Cecil Gray, chairman; E. L. L 1 

Sccy.-Troas.; L. W. Webb and W. R. McCann* 
members, exec, conunittoe. Elkotrioat p rrt ’ 

w - “■ oi 

Spokane , 

fr" N 

™' * ™- Oo., aatated by w M Alton n”'" 0 
Tel. & Tel. Co. Jan. 2 2 . AtMl! mn 

Springfield 

.*—• G ™- Oo- 

tefc” DeZStS Vi- 
* *f» «oc. or WeetoSl. SVST 

Sfffl. Doc. 11. Att. 3,000. A.M.M.K. 

Toledo 

^Maintenance of Electrical Eau». MBN .p y, v 

S.'.eTvS'iA.TH^r, V,« B wT nZB 6 °- : 

o„“z 8 v r;;r;,; g 
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R. H. Dalglelsh, Jr., Westinghouse Elec. & Mfg. 
Oo. Moving pictures describing trqjley coaches 
in Chicago and Salt Lake City. Jan. IS. Att. 75. 

Tit. Alford J. Williams, Jr., aviation engr., 
spoke on the present situation in the Far East 
and Ijhe part played by aircraft. Feb. 4. Att. 
*700. 

Toronto < * • 

PnopostiD Legislation fob Licensing of 
Engineers, by |L Hellmuth, Assn, of Prof. 
Engrs. of Ontario. Jan. 22. Att. 104. 

Utah 

> Microphones, by Prof. O. C. Haycock, 
• TTniv. of Utah; Symon’s Obushbr Installation 
at Garfield, by Y. J. Del Duke; Unusual 
Me&br Installations, by F. O. Weld, both of 
-the Utah Pwr. & Lt. Co. Jan. ll. Att. 37. 

Vancouver 

National ^.nd International Aspects of 
the (J,old # Standard, by Prof. H. F. Angus, 

. Univ. of British Columbia. Joint meeting ■with. 
Engg. Inst, of Canada. Jan. 4. Att. 75. 

« Magnetic Phenomena in a Two-Phase 
Static Balancer, by Prof. E. G. Oullwick, 
Univ. of British Columbia. Feb. 1. Att. 30. 

Washington ( ■ * 

Engineering Aspects ob» Marine Trans¬ 
portation, by F. Y. Smith, Gen. Elec. Oo. 
Dinner. Jan. 12. Att. 85. 

Worcester 

Industrial Lighting, by Alfred Paulus, 
WestinghouseLampOo. Jan. 7. Att. 35 . 


Pi 

A 


Past 


Owaaicli IVIeetin«js! 



University of A^ron r 

Biography of Charles P. Steinmetz, by 
R. A. Ries, student; Modern Electric Eleva¬ 
tors, by P. S. Bechtol, student. Jan. 13 
Att. 11. 

University of Arizona 

Film—“The Oonowingo Project." Jan. 8. 
Att. 42. 

Electric Furnace, by J. W. Newman, stu¬ 
dent; Lightning, by T. S. Henderson, student 
Jan. 15. Att. 6. 

. * 

University of Arkansas 

Construction and Use, Quality and Ad¬ 
vantages of Aluminum Cables for Electri¬ 
cal Purposes, by O. B. Owen, The Al uminum 
Co. of America. Jau. 14. Att. 27. 

Electric Elevators, by W. J. Pruett, stu¬ 
dent; Electric Furnacbb, by R. B. Stone, 
student. Jan. 20. Att. 23. 

University of British Columbia 

Power Distribution in the British Isles, 
by O. E. G. Brown, student; Armature Reac- 
tion in Tap W ound D. O. Machines, by D. S. 
Smittf, student. Films—“Hydroelectric Power" 
and “Oil Circuit Breakers." Jan. 11 . Att. 19 . 

Dust Precipitation by Electricity, by 
J. D. Mitchell, student; Radio Broadcast 
Control, by W. B. Smith, student; Photo- 
electric Cells, by H. O. Freedman, student 
Jan. 26. Att. 16. 

Bucknell University 

Steam Turbine Generator Sets, by W. E 
Hall, student. Dec.; 9. AttMO. 

Modernization of Industries, by I. Z 
Hartzler, Hertzler & Zook Co. Jan. 13. Att. 36. 
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California Institute of Technology 

Carl Bines and J. M. Gaylord,'Metropolitan 
Water District, discussed the construction and 
electrical features of thg Metropolitan aqueduct. 
Jan.2f. Att. 38. 

Film—“New Dollar Liner, President Gool- 
idge.*’ Jan. 29. Att. 130. 

Univeriity of California 

The Application of X-R'ays" to Speech 
Analysis, by Prof. R. T. Holbrook. Refresh¬ 
ments. Jan. 28. Att. 76. 

Case Sch. of App? Scierwcc f 

Experimenting with High Frequency 
Oscillators, by ^ C. L. Harvey, student; A 
Thesis on the Po*wbr Factor of Condensers, 
by R. W. Schindler, student. Dinner. Jan. 14. 
Att. 21. 

Catholic University of America 
Electricity—Its History and Growth, by 
Dr. Valade. Refreshments. Jan. 13 . Att. 29. 
University of Cincinnati f> 

Recent Developments in Electro-Chem¬ 
istry, by Prof. E. O. Farnau. Refreshments. 
Jan. 20. Att. 45. 

Clarkson College of Technology 
Inspection trip to the Sugar Island, Hannawa 
Falls, Brown’s Bridge, and Higley plants on the 
Racquette River. Oct. 26. Att. 27. 

Inspection trip through the plant of the 
Aluminum Oo. of America. Nov. il. Att. 21 . 
Clemson Agricultural. Col^pge 

X-Rays and Their Applications, by H. L. 
Wyant, student; Electrification of the 
Airship Akron, by W. F. Tribble, student; 
Practises Used *y the American Oast Iron 
Pipe Co., by W. M. Thames, student; Inspec¬ 
tion of Boilers by X-Rays, by L. O Black, 
student. Jan. 28. Att. 15 . 

Colorado Agricultural College 

Films—“Life of Edison and Invention of 
Incandescent Lamp," and “Edison Visits 
General Electric Mazda Plant and Research 
Laboratories." Jan. 11 . Att. 22. 

University of Colorado 
Discussion. Jan. 13. Att. 33. 

. Thi!1 Teletypewriter, by Mr. Carr, Bell 
Tel. Co. Demonstrated. Jan. 27. Att. 106. 

University of Denver 
Business meeting. Jan. 18. Att. 13 
Film—“The Single Ridge,” Feb. 2 . Att. 56 . 
Inspection trip through the Amer. Tel & Tel 
Co. bldg. Feb. 5. Att. 56. 

University of Detroit 

Ultraviolet Radiation, by Mr. Garwood 
Gen. Elec. Oo. Films—“Vacuum Tube Syn¬ 
tonizing Equipment," and “Hydroelectric 
Power.” Jan. 13. Att. 50. 

The Latest Developments in Electricity, 
by W. A. Furst, Westinghouse Elec. & Mfg. Co! 
Moving pictures. Feb. 3. Att. 18.* 

Drexel Institute 

Experiments on One-Quarter Million 
Volt Lightning Machine and Cathode Rat 
Oscillograph, by I. Eldridge, Elec. Serv. & 
Supply Co. Demonstrations. Jan. 20. Att. 35 . 
Duke University 

Stanley Flack, chairman, gave a summary of 
the activities at the Conference on Student 
Activities, District No. 4, held at the Univ. of 
Florida. Jan. 14. Att. 23 . * 

Stanley Flaclc and Mr. Debrunny, students, 
gave talks on radio circuits. Feb. 4. Att. 23 . 

University of Florida 
Film-—“The Single Ridge.” Jan. 20. Att. 43 . 
Georgia School of Technology 

Talk by Dr. O. E. Skinner, pres. A.I.E.E., 
asst, director of engg., Westinghouse Elec. & 
Mfg. Co. Joint meeting with A.S.M.E. Branch. 

Jan. 7. Att. 160. 

* f» 


Harvard University ■ ' ■ 

Inspection trip to the short-wave and tele¬ 
vision laboratories, Boston. ,-Tan. 12. Att. 37. 

University of Illinois 

Joint meeting ^dth the Urbana Section. 
c Papers presented* by students as follows:-T ^b 
Electron Tube in the Modern World, by 
F. M. Deerhake; Electrification of Rail¬ 
ways in India, by R. D. Varma; Television, by 
D. L. Pettit; The Thermocouple and Its 
0 Application to Temperature Measure¬ 
ments of Electrical Apparatus, by B. 
Figlewski. Jan. 6. Att. 31. 

Iowa State College 

Three Power Locomotives, by John Cross, 
student; The Root of Three, by Mr. Proctor, 
student. Jah.20. Att. 79. 

University of Iowa 

Michael Faraday, by George Koval, stu¬ 
dent. Dec. 9. Att. 40. 

Military Aviation, by Oaptf Hide, U.S. Air 
Corps. Moving pictures. Dec. 16. Att. 142. 

Modern Illumination, by Mr. Cleaver, 
Westinghouse Lamp Co. Joint meeting with 
A.S.M.E. Branch. Jan. 6. Att. 100. 

Kansas State College 

Film—“The Bupy Body.” Talks by four 
students. Dec. 17. Att. 38. Afternoon meet¬ 
ing. Program repeated same evening. Att. 65. 
Television, by Mr. HiggenbottonC Film— 
Pillars of Salt." Jah. 7. Att. 62. Program 
repeated same evening. Att. 40. 

Lafayette College 

Hydrographic Surveying, by A. M. 
To mkin s, student; Theory of Vacuum Tubes, 
by W. G. McLean, student. Jan. 21. Att. 21. 

Lehigh University 

Experiences on R-17 Tbbt, by Carl W. 
Banks, student; Industrial Applications of 
Electricity, by D. M. Petty, student. Re¬ 
freshments. Jan. 8. Att. 35. 

Lewis Institute 

Hydraulic Engineering, by G. Pfau, Allis- 
Ohalmers Co.. Illus. Jan. 22. Att. 160. 

My Summer in Europe, by D. E. Dunne, 
student. Jan. 28. Att. 85. 

f? ' 

Louisiana State University 
Discussion. Dec. 19. Att. 22. 

Economic Problems of Public Utilities, 
by R. M. Dreyfus, student; Rectification, by 
G. De La Matyr, student. Jan. 15. Att. 18. 

University of Louisville 
Discussion. Jan. 13. Att. 14. 

University of Maine 

The Business Side of the Public Utility, 
by R. T. Haskell, Bangor Hydroelectric Oo. 
Jan. 14. Att. 32. 

Marquette University 

Demonstrations of various chemical experi¬ 
ments. Moving pictures. Joint meeting with 
A.S.M.E., A.S.O.E., and A.S.Oh.E. Branches. 
Dec. 10. Att. 250. ' 

Discussion. Jan. 7. Att. 20. 

Michigan Col. of Mining and Technology 
The Life of Charles P. Stbinmetz, by F.~ J. 
Komerska; Electrochemistry, by Prof. O. Mi 
Carson. Jan. 14. Att. 22. 

Electricity in Mining Engineering, by 
Prof. O. H, Baxter. Film—“King of the Rails." 

Jan. 28. Att. 25. 

Michigan State College 
Discussion.. Feb. 2. Att. 16. 

University of Michigan 
Railroad Electrification, by H. L. An¬ 
drews, Gen. Elec. Oo. Jan. 19. Att. 98. 

« ♦ 
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School of Engineering of ipHwatikee 
Thu Newer Developments in the Tele¬ 
phone iNDusTRY-by George French, Wiscbnsin 
Tel. Oo. Illus. Jan. 14. Att. 248. 

University of Minnesota 

^ectrical Radiation*Eneroy as Applied* 
® MbdiCa l Practise, by Paul Luckenback, 
Gbn. Elec. Oo. Illus. General Electric 
Student Shop Course, by F. Suhr. Films— 
“Automatic Substations,” and “Electric Trolley 

Buses.” Jan. 21 . Att. 95. 

% 

Missouri School of Mines and Metallurgy * 

Short talks by eight students. J&n. 14. Att. 9 . 
Electrical Construction Practise, by 
Wm. B. Fisher. Union Elec. Lt. & Pwr Co 
Jan. 27. Att. 40. 

University of Missouri 

Atoms and Electrons, by Dr. H. D. Arnold, 
Bell Tel. Labs. Inc. Joint meeting with Sig ma 
•XL Nov. 11. Att. 163. 

Principle^ Governing the Action op the 
Photoelectric Cell, by N. R. Beers, student; 
Commercial Uses op the Photoelectric 
Cell, by De Laporto Johnson, student'. Dec 16 
Att. 26. 

Prospecting by Radio, by C. L. Lewis and 
A. E. Coffman, students. Jan. 13. Att. 20. 

University of Montana 

Papers by students: A New Warning Bea¬ 
con, tajcen from Electric Journal, presented by 
Lewis Ambrose; Electrical South, by H. 
Archibald; Frequency Converter Sets In¬ 
stalled Outdoors, taken from Electrical World 
presented by Harry Beck; Helical Grooves 
in Slip-Rings and Commutators, taken from 
Electrical Engineering, presented by E. 
Blanchard; Water Power Resources of. 
Montana, by Arthur Buckley. Jan. 7. Att. 104. 

A Weather Station on Wheels, taken from 
Tucos, presented by Edgar Dolum; The Mil¬ 
waukee Electrical Shops, taken from Electric 
Traction, presented by Leonard Estey; Oom- 
munication in the New Waldorf-Astoria, 
by Edward Fisher; Nerve Injuries from 
Electric Shocks, taken from Electrical 
Engineering, by Wesley Funic; Arp Welding 
Aluminum, by Vern Hankins; Telephone 
Apparatus for the Hard of Hearing, taken 
from Bell Laboratory Record, presented by Curtis 
Hanson. Jan. 14. Att. 100. 


m m 

North Dakota State College 
Iron Ore Mining, by James •Samways, 
student. • Film—“Arteries of Industry.” Jan 
27. Att. 40. 

University of North Dakota 

Fifty-ETw. Transmitter of WTIG, by 
Wm. Denk, student; Speed Torque Qurves of 
Induction .Motors, by A. Eynon, student. 
Jan. 13. Att. 15 . 

Mercury Arc Rectifiers, by Lejgnd TTn.nt.ir 
student, Luncheon. Jan. go. Att. 15 . 

The Mathematical Development of 
Fourier’s Theory, by Prof. IJ. F. Rice, counse- 
!or. Election of officers: A. J. Redmann, chair¬ 
man; O. R. Moore, vice-chairman; G. I. Ander¬ 
son, secy.-treas. Feb. 3, Att. 15. 

Northeastern University • 

Lightning, by Prof. C. L. Dawes, Harvard 
Univ. Refreshments. Jan. 13. Att. 112 . 

.University of Notre Dame 

Mathematics as Taught in German Uni¬ 
versities and Secondary Schools, by Prof. 

P. G. Menge; Domination, by Joseph Bean, 
student; The Robot, Our Electrical Super¬ 
man, by Wm. Fromm, Jr., student; Life and 
Achievements of Thomas Edison, by John 
Scanlon, student. Illus. Dec. 14. Att. 62. 

Wbatheh and Climate, by Prof. D. Hull* 
Electrification of Coal Mines, by a’. Neal’ 
student; Electrification of Railroads, by 
A. Hiegel, student, John Scanlon presented the 
engg. digest. Jafl. 18. Att. 62. 


Pursue University 

Surge Generators, by T. T. Woodson, stu- 
dent; Radio Broadcasts, by R. R. Brunner, 
student. Nov. 3. Att. 64. • # 

mTt B T £ a Z* 0 " T ™' by Dr ‘ Nottingham, 
M.I.T. Nov. 24. Att. 250. 

Film—“The Single Ridge.” Dec. 8. ltt >3 3 * 

Rhode Island Stat* College 

. M ' 0ar f- student, gave a rSspmg of the 
principal engineering* developments during the 
past year. Jan. 21 . Att. 12. • 

Construction and Purpose of the Poulsen 
Ahc, by Messrs. Porter and Andrews, students* 
Theory and Application of the Non-Linear 
by Le ° n fereault > student. Jan. 28. , 

Rose Polytechnic Institute * * 

° IL f 1 ,! 0 ™ 0 Locomotives, by J t T. Jones, 
student; Hydrogen, a Cooling Medium for 

t^ GE ^ MACHINBS ’ by °* N * McGMvray, stu- 
dent, Dibutyl Phthalatb, by J. Neimi and 
J. Montgomery, students. Jan. 13.* AtU. 36. 


with* 


University of Nebraska . « 

Wiiat an Engineering Student Should 
Get Out of a College Oourbb, by Dean 
O. J. Ferguson. Election of o“fflcers: Walter M. 
Ely, chairman; John Hutchings, vice-chairman; 
A. L. Coffin, secy.-treas. Dinner. Jan. 13 
Att. 35. 

Inspection trip through the. Northwestern 
Bell Tel. Oo. bldg. Feb. 3. Att. 32. 

Newark Collcjic of Engineering 

Magnetic Testing, by Mr. Momingstern 
Western Elec. Co.; Oil Filled Cables, by 
I. Mirltin, student. Jan. 25. Att. 18. 

College of the City of New York 

Election of officers: Robert G. Herzog, chair¬ 
man; John Rag^zzini, secretary; Jean Marcus, 
vice-chairman; Charles Grossfeld, treas. Jan 7 
Att. 16. 

The Electron Tube —A New Tool for the 
Electrical Engineer, by O. H. Caldwell, 
editor Electronics, Illus. Feb. 11. Att. 84. 

New York University 

A-O. Arc W elding, by L» S. Lindorf, student; 
Thyratron Tubes, by G. M. Hockel, student. 
Feb. 9. Att. 13. 

North Carolina State College 

Smoker and discussion of Branch problems 
Jan. 12 . Att. 42. ' 

University of North Carolina 

The Field for Electrical Engineers, by 
Prof. W. J. Miller.* Jan. 14. Att. 25. 


Ohio Northern University 

Various Types of Eleotric Railways and 
Costs of Construction, by Donald Hig hly ., 
student. Nov. 19. Att. 20. 

Ohio State University 

. Non-Technical Aspects in Engineering, 
by Mr.-Bibber. Charles B. Sloan elected chair¬ 
man. Jan. 14. Att. 28. 

Oklahoma A. & M. College 

Store and Show Window Lighting, by 
T. Hutchinson, student. Jan. 11 . Att. 24 . 

University of Oklahoma 

Noise Induction, by E. V. Jennings, Bell 
Tel. Co. and C. E. Bathe, Okla. Gas & Elec. Oo 
Jan. 13. Att. 98. 

Oregon State College 

Development and Application of Loading 
Coils to Telephone Circuits, by E. 
MacCracken, student; Choosing a Communica¬ 
tion System for a Power Oo„ by J. B. Man- 
lung, student. Jan. 18. Att. 42. 

Development and Use of the Vacuum 
Tube Voltmeter, by K. Eldredge, student. 
W. Hynes, student, described his summer work 
on the Ariel Dam. Feb. 3. Att. 21. 

Pennsylvania State College 

Grinding of Quartz Crystals for Use in 
Rad!o Work, by P. G, Cooper, student. Talk 
by R. K. McClintock, student. Jan. 13. Att. 29 . 
University of Pittsburgh 
Mr. Hays, Westingkouse Elec. & Mfg. Oo. 
described his travels through Central and South 
America. Dec. 1. Att. 87. 

Electrolytic Condensers, by E. S. Drobick 
student; Modern Aspects of Rigid Airships’ 
by K. Hartwig, student. Dec. 3. Att. 124. 

History of the Telephone and Toll Sys¬ 
tem, by J. A. Oadwallader, Bell Tel. Co of Pa 
Dec. 10. Att. 122. 

Discrepancies in .Oub Electrical Units 
by H. E. Evans, student; Nela Park Works, 
Gen. Elec. Co., by F. E. Sauerburger, student. 
Jan. 7. Att. 123. • 

Pratt Institute v 

Constructional Details of Electric 
Meters, by A. R. Warrell, student; Oscilla¬ 
tions in Vacuum Tubes, by H. Harrison, stu¬ 
dent. Jan. li. Att. 28. 
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University of Santa Clara 

. ^—‘‘Rubber.” Joint meeting 
A.S.M.E. Branch. Jan. 13. Att. 100. 

Recent Developments bn, th^ Field of 
Electrical Engineering, by W? O. Smith, 
Gen. Elec. Oo. .Joint meeting with A.S.M.E 
Branch. Jan. 21 . Att. 93 . 

. T1 3“ Sunnyvale Airbase, by Wendell 
Jan ^T Att^8 7 meefcbl ® wlth A.S.M.E. Branch. 

University of South Carolina 
Business meeting, Jan. 11. Att. 14 
Boulder Dam, by H. G. Smith’ student; 

Construction of Voltage Divwbr by J A 

Kaigler, student. Jan. 14. Att. 34.* 

South Dakota State Schqpl of Mines 
Annual frolic. Jan. 15. Att. 65 . . 

University of Southern California 
Discussion. Jan. 6. Att. 18. 

Business meeting. Jan. 13 . Att. 16 . 
t Rle ^ lo ”- of officers:M.O. Marshall, chairman; 
r: Raylla - vice-chairman; R. R. Moore, secy.; 

M. B. Gantffion, treas. Jan. 20. Att. 18. 

Stevens Institute of Technology 
Future Possibilities .of the Diesel 
Engine, by Prof. E. H. Fezandie. Jan. 16. 
Act. 46. 

Syracuse University 

Frequency Converters, by O H. Peters 
student; Keokuk Hydroelectric Develop^ 
mbnt, by M. Collins, student.- Jan. 8. Att. 21 
T Cables, by A. B. Rowley and 

-U M. Keenan, students. Jan. 15. Att. 21. 

Harmonics in Transformers, by H. Francis, 
student; Automatic Pilot, by Wm. Bangs 
student. Jan. 22. Att. 21. 

Texas A. & M. College 
A Study of the Peodliabities of Tele¬ 
phone Rates, by J. W. Bouton, student; Dj?- 
signs of a Vacuum Tube Voltmeter, by 
O. C. Nash, student; Potential Instrument 
Transformers, by O. W. Bruns, student; 
Instrument Current Transformers, by 
R. L. Suggs, student; Steam Turbines in 
Power Generation, by O. T. Haliiday, student; 
Auto-Transfobmeks, by J. E. Hurley, student 
Jan. 14. Att. 50. 

Texas Technological College 
Gaseous Tube Lighting, by O. T. Bhtchett, 
student; Service and Service Organization 
of Large Communication Companies, by 
Evans Riley, student. Jan. 13. Att. 12 . 

Prof. L. 8, Grandy elected counselor for the 
remainder of the year ending July 31 , 

University of Texas 

Radio.Airway Beacons, by Prof. R. Cran¬ 
berry. Election of officers: Herman F. Bamm 
chairman; E. Neuenschwander, viee-pres • 
Wm. Garrett, secy.-treas.; Lowell Baker, cor¬ 
responding secy. Jan. 14. Att. 25 . 


\ 


e r 


University of Utah 

Football and Otheb Athletics in Their 
Rhlatioifto Life, by I. J. Armstrong. Jan. 14. 
Atf. 57 . 

University of Vermont 

* Rro£ L. P. Dickinson, counselor, gave a 
description of the winder convention of the 
Institute. Feb. 1. Att. 20. 

Virginia Military Institute 

Tests in the Wbstinohoush Laboratory, 
by O. W. Horseman, student; Transportation 
on Land, Sea; and Air, by W. B. Gibbs, stu- 
• dent; The Gain in Flight Safety, by H. L. 

* Woodson, student; Electricity in Modern 
Medicine, by J. T. Brugh, student. Feb. 9. 
Att. 52. ‘ «► - 

Virginia Polytechnic Institute 
Examination and Certification of En¬ 
gineers, by E^E. Barnard. Jan. 28. Att. 176. 

Elbctbicj. Drive fob Power Plant Auxili¬ 
aries, by L. H. Morris, student; The Weather 
Report Instruments of the Akron, by W. H. 
r Johnson, student. Feb. 4. Att. 42. 

University of Virginia 
Beauharnois «■ Harnesses St. Lawrence 
for 2,000,600 H.P r , by G. K. Carter, student; 
The Electrical Equipment Installed in 
the U.S.S. Akron, by R. W. Talley, student. 
Jan. 22. Att. 13. 

University of Washington 
Telephone Transmission, by J. R. Tolmie, 
Pacific Tel. & Tel. Co. Illus. Jan. 7. Att. 27. 

Television, by T. M. Libby, Pacific Tel. & 
Tel. Co. Jan. 14. Att. 38. 
r Filnj.—"Evolution of Power.” Jan. 28 

Att. 30. c 

Worcester Polytechnic Institute 
r Discussion. Jan. 25. Att. 25. 


University of Wyoming * ' 

ELBCTRfo Welding, by F. Wegher, student. 
Jan. 12. Att. 10. • 

Modern Telephone Practise, by L. R. 
Probst,*Mountaln States Tel. & Tel. Co. Neil H. 
Sanders, pres.; F. W. Wegher, t vice-pres.; 
E. Cdfeswell, secy.-treas. Feb. 2. Att. 12. 


AJJresises WaiiteJ 


. A of members whose mail has been re- 
iJ e Postal •authorities is given below, 
with the address as it now appears on the Insti- 

A? y mera !?, er knowing of correc- 
tions to these addresses will kindly communicate 

W^39tffi., New Y°o?kfN f y! 6 S6Cretary at 3 * 

^Pa^ 011 ’ ° M Westin Shouse Club, Wilkinsburg. 

Beck, B.O., 6165 Winthrop Ave., Chicago, Ill 
Be N^f Way ° eJ " C/0 Gcnl-Elec.Oo., Schenectady, 

Bl ini£ r D 0 C 736 Trans P° rta ^on Bldg.,Wash- 
Fay, John L ..Genl. Del., Philadelphia, Pa. 

Londm’En C ° b L " 64 Prlory > Ham Pstead, 
KeiUen, S ’ 52it. Francis St., Medford, Mass 
KM>^ F.M., 369 Lexington Ave., jtew York, 

Hari-pharan, 151 Ganesti Molial, Benares 
vity i mala. 0 

Ro m OA... Consumers Pwr. Bldg., Jackson, 
Shapiro,Max,757 Franklin Ave. .Wilkinsburg Pa 

T nremd E N 1 -^ 68 ^’ Int1 ' GenL Elec - 0o -» < *®- 

™ a .nd, Trygve T., 1019 Stanton Ave., Eliza- 
06wili JN.J. #r 

Gotham Ave.,Gerritt- 


EmpI oynient Notes 

Of tie Engineering Societies Employment Service 


Men 

Available 

Junior Engineers 

in sfa i8le- Ayr. experience 
touniy and assembly dept, 
drafting for industrial concern. Desires 
^5^ infg. concern or utility company. 
Available at once. Location, immaterial, D-311, 

®NGR., E.E. Grad 1931, 
20. Mich. State Col., single. 4 months’ experi- 
ence as distribution engr; for utility. Ambitious, 
hard worker, not afraidof responsibility. Best of 
references, available at once. D-323. 

_ B.Ea GRAD., cooperative college, single, 23 , 
Protestant. Considerable machine shop an 
.experience, automotive practise; 
,2 yr. in G.E. test course, control equip. Seeking 
IP 8 *- desim and development. 
*» 

1931 ‘22, single, Penn. State Ool„ 
v 3 en’reasonable notice, l yr. experience 
3 mon ths in transmis¬ 
sion dept, of utility, 2 semesters motor testsin 
college. Desires'’position with utility, engg 
&S C ° mpan7 * Loc * tion ’ U.S., EastpratoiS: 

. GRAD. 1928, 25, single. 214 vr grad 
?Sr? y " i^^MQW C ® er ^ ence geophysical explora- 
D ^359 AvailabIe n0Wi Location, Immaterial. 

58°!^ experience, 

tingle 1 !* ’ o w S ac ill? Worcester !P.I., 

smgie, ^5. 2 yr. as high voltage research asst to 


A.I.E.E. pres. 18 months as transformer 
design engr.. for Westinghouse. Will prove 
utility, or construction firm. 
Location, immaterial. Available now. D- 319 . 


E.E. GRAD j, 1929, 25, single. M.S. ’31 from 
M.I.f. 1 yr. G.E. test; 4 summers gen. main¬ 
tenance work with telephone company. Avail- 
ableMt once. Will go anywhere, to any position 
for which qualified. Salary secondary. D- 175 . 

E.E. GRAD., 1930, 25 years of age, G.E. 
test experience, and, about 2 yr. of wiring and 

E -E- GRAD., Purdue, 1931, single, 24 . " 7 
months in training course of a large utility com¬ 
pany. Experienced in stenographic and secre¬ 
tarial work. Desires position with a future in 

SSL c ? n „ c „ er 2 or company. Available at 

once. Location, immaterial. D-437. 

^ 9 31 E.E. GRAD., 23, single. High scholastic 
record (Tau Beta Pi). 'Type of work and salary 

once nd D? 438 WiU g ° anywhere - Available at 

E.E. GRAD., 1931, Worcester P.I., 22, single, 
member Sigma Xi, desires connection with 
utility concern, industry, or with teaching, also 
interested in drafting. Location, immaterial 
Available at once. D-228. 

E.E. GRAD., 1930, Georgia Tech, cooperative 
plan. Westinghouse lighting courses. Co¬ 
operative work, alternate months, 5 vr. large 

rumar AAmnonw In -- j ’ j. r _ °7 


boards, motors and generators, power trans- 
formers, mercury arc rectifiers. Asst, head of 
testl D “iresi position with pwr., mfg 
orry. company. D-357. 

k 9 ?, 9 ’ s^Ble, 23. fs months as 
f^dent engr. on G.E. test. Some test, drafting 
andswitchboard construction experience before 
_ Interested in position with a firm 
SSmlL 00118111 !*? 18 ? r construction work or with 
utility or mfr. Available at once. Location 
anywhere in U.S., New Eng. preferred. 0-8028. 

cirSiF' 1931, Olemson Agri. Col., 25, 

single. Desires work with utility, mfg. concern 

SLi?«? S i fcruC T lon corporation. Available im¬ 
mediately. Location, immaterial. D-400. 

’ 28 > dab. experience in- 
S®berator design and research, 
pscillo^raph operation Breakdown and 
^e-loss tests. Experience in testing indus- 
trial control equip, and telephone equip. Avail¬ 
able, immediately. 0-6611 

a 1930 ' 2 , 3 * sin e l6 ’ 16 months on 

w.JS. test of railway equipment, rectifiers, indus- 
Mal apparatus, industrial control, and refrigera¬ 
tion development. Desires position with utility 
or mfg. concern. Available at once. D-409. 7 

TnAt* ^oi^o’n 1929 ti. 23 >,^P eIe M - S - fr0m 
1931, 20 months G.E. test course. At. 

present teaching in E.E. dept; of leading tech, 
col. Desires instructorship in E.E, Available 
in June. Lbcation, immaterial. 0-9462. 


utility and industrial customers. Now employed 
, installing and servicing automatic stokers, hea t 
control, etc. Excellent references. Perfect 
health. Location, immaterial. 0-7847. 

E.E. GRAD., 1931, M.I.T. American, 25 
, single. Desires position with mfg. or utility 
company. Business environment qualifies him 
for sales work also. Eastern states preferred, but 
not essential. Available immediately. D-110. 

1931 E.E. GRAD., Lehigh Univ., 23, single. 
Summer experience in test dept, of utility. 
D^ 447 011 * immaterial. Available immediately. 

,o 1931 !!'•?• GRAD.. Lehigh Univ., 23, single. 
12 months’ experience with utility in construc- 
tion. Ambitious and reliable. Available now 

tomate S ^l. n D^5 any ^ natUre ' Locatl011 - 

Construction 

« AS 5?9- E - E v 34, married, technical educa- 
ti u-^V- de ? res position with utility. Exceptional 
ability in underground transmission and dis- 
syste “ s - 1 yK; central station con- 
struction experience. Location, immaterial. 
Available on short notice. D-278. 

Design and Development 
EEE °. iND MEOH. DESIGN ENGR., 37, 
married. Pratt Inst, night sch. grad, IE 

Kb£a,®att t »fe5 

warehouses and offices. Practical experience on 
g^otenance of elec, equip. Available at once. 

PORTABLE TOOL ENGR. 14 yr. experi¬ 
ence. Until merger chief engr. second largest 
company. Expert on universal motor design. 
Inventive abilit^comblned with exec, and busi¬ 
ness judgment. D-404. 

DESIGNING ENGR., E.E. GRAD.. 34 
S a £» 1 v?’8 H yr. experience in design and selling 
°" “gh tension outdoor substation, indoor and 
switching equip., bus supports and con- 
fittings. Desires employment with 

SK.D^r 06 "’' selllne or engg - best 

> 13 yr. comprehensive experience 
to desiping, drafting and engg. of steam and 
, hydroelectric plants, substations and industrial 
Plante. Conduit plans, wiring diagrams. Avail- 
able at once. D~4ll. 

Ml. AND E.E. FORMER CORNELL 
P^ TEE GT°R in MACHINE DESIGN for 
4 yr. Ailis-Ohalmers designer said checker, 5 yr. 
shop apprenticeship and miscellaneous experi¬ 
ence, 32, single. Desires teaching or engg 
opportunity. Salary open. D-122: Bg 

E.E., 14 yr. in field designing, drafting, test¬ 
ing, Patent drafting and layout of elec. It. and 
pwr. for bldgs. Available now. 0 - 1095 . 

, GEAD., 39, single, n yr. experience in 
developing, desip and mfg. of small apparatus in 
the elec, measuring instrument line. Bridges for 
high and low voltage, pwr. to carrier frequencies. 
Exceptional theoretical training. Desires con- 

Tl i OYl TUlr.n nirrn min n n • •_ 


ledge re- 


Draftsmen 

0K D =h^ T o MAN 4 N ? INSTRUMENT MAN, 
25, single, 2 yr. univ. training, 4 yr. experience 
on pwr. tra nsmiss ion lines, telephone work, and 
water resources. Available now. Win go 
anywhepe. 0-7118. r - 

Electrical Engineering ' 
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ME. E.E. AND *0.E. GRAD • Ita.lv an 

Dsflrfta •Swf« flrst ■^ m f^ can fitizensMp papers'. 

position anywhere with utility orcon- 
“■gpor. 3 yr. varied civil engg., 2yr. in W 
S i team + and pyroelectric plants.' 
IM 22 ! 111 any layout and topographic work. 

Executives • ( 

fn'viw^w. SERIAL. Young man, solid 
foundation in apprenticeship training, followed 
by eggg. and business triaJningTlibsK^ 
Industrial experience, record of accomplishment 
reliability; creative executive ability’ 
desires ODDortunltv tn rfAVAinn ao 


• • 

TRACTION ENGR., 28, single, 5 yr. ex- » . 

irience in electric traction shops asjnspector. Research 


miiu. ou prosani in cnaree of sarvlca of 

S,***- C®«>Mda Tech, 
i” er E.E. grad, from I.O.S. Was radio opera4 

tSctiom eS D^80 POd ° n “ engr - f ? r elec - 

diltiih, P , m - sfca tion design and elec. 

®xperience. Desires position in 
or to research lab. TAnporary 
position will*be Considered. Preferred lnnattnn 
metropolitan diitrict of N Y. o^ffi iggg; 


KftrrsS > 838 : 

g^. op S >r SgA de S2 p !WSSffit SSS&iS 


7Bf" wuol > Jlua ' JrJktXBXUlBV , 40, 

Puffed- ?? y*- experience, industrial labors^ 
d?Iw+pf? ro ^ ems sound, radio, telephone, 
dielectric phenomena, etc. Several years' *fex- 

e P gr ' these flelds. y8 M;I.Tf, 
PihT^A P rl D - Physics, mathematics. Univ. of 
SriOago, Open for full or part time consultant, 

KroacoSf ’ probIems ta a ™» d » nd * 

hlF- experi- 


S%%^. D -r4 8 ort !n/exec P iS C , e ^ SS® 

E.E. GRAD., Univ. of Wis 33 single o ® yr. servic 
yr. Westinghouse test. 7 yr superv^ine nwr 3 f 11 ^- disti 
Plant, substation, transmission line construcSon for eman. 

3 yr* engg. inspector purchasing exneditw municipal j 
w^ting specifications, resident eng? P suM?’ 25 months* 

BSP , sssssi r . m sssssS &H »sat 1 
a.e'aeuAli!? Lo ~ 

t£’i s tog le , additional work *®ce. d’esigr 
"ui Kappa Phi. 8 yr. broad experience stations, ti 
system° U d^i^n^ Sfca t 1 - 011, transmission line, duct industrial p] 
SDedf 1 nn^JfS«« est S :iates '-, staiIldard s. equip equipment, 

'•*T?P? ra i'i°u. Responsible, capable engr experience 
^ee.Position witfi mfrTln ffit dime En 
fcunRy. p- 124 . 1 ' Salary seco ndary to oppor- ianguages. 

enS-' E ulluti^f and 'mfg 0 ronSS '^plrtence n INANOJ 

ISFSe 

sms a»&« 8 aS 5 SSs 

ANALYST Of unusual ability. 44 Inter Instruction 
nationally known oo _ 1 r 1T i er tu> . 


uciectrie plants. Building auhsts. 
transmission lines, distributing systems 
f^ r ®et car network, laying underground W 
undersea cables. District mer S ro™; 

f^ ive l or of ILT.oif circifit'teeSSm 
switches, transformers. •Available now. B-2388.’ 

DIVISION SXJPT., 29, married tech*grad 
sunt SS dtefT2 < S t ®!!f ty tollowflig positions; division 
ffina ^f *2* * mgr -5 construction 

«•?»£ Steb 5 ffiK“'J Q S lt sa ta S : 

iptstii 

a na * ** *&?!£ 

languages, ivaiiableimmedSte^D^ 1161 ^^ 

Financial 

nan'^^‘^?f^ALRNGR.,E.E.M.E. GRAD Onr 
holdinK^ngrn? withregulajory commission,utility ' 
SSSjto® Sf mt " corp., security Investing dept of 
ffffl n HteT 8,1100 ., company and financial and 

SftSSMK&lffiS: 4yr. i ^Stet^d- 

to New Yort?!lgf e 8te; oKSVll5S?“**r 


gamzation curtailment. 0 - 7551 . 

PRODUCT ENGR. Grad, engr with suc- 
chirww n^? rd ^improvement of product, ma- 
‘ Experienced in rolling 

mill methods, non-ferrous fabricating steer 

^‘toto tomietoS 

Sales * 

SALES ENGR., Cornell two tieg R vr 
Pcricuce selling wire and cableT spec^,liri»g Wito 

^ork Omtral PriA^^T 011 . Penn sylvan^ S? 
A” Bri o and Lackawanna, and wide 

acquaintance among ry. engrs. B-7881. 

SALES ENGR., tech, grad., 38 single Weat * 
toghouse test and shop training! 12 vr sales 
cen tra? n «t«tT 1Un ? steam an d eiec. apparatus to 
^triM t n^J 1 ^ 1 n? ortat lP? andVmarine in- 
tiorfengr. I ^^P ositi o , i as Salesman or applioa- 


INDUSTRIAL ENGR., 30 married W!o 
po^®to grad. 2 yr. construction, 2 yr. at’Weat- 
Sftw*.,! y 1 *. utility valuation, 4 yr. industrial 
w, 3 development. Broad tech, and commercial 
knowledge various industries. Desire emnW. 
ment in industrial surveys and renorts indn«trtai 

nrm. Location, Middle or South West. 0-3082. 

0°S rT R° Ij ENGR., E.E. GRAD., 30 mar- 
dcd, 8 yr. exporleiice driiom ri 


IgtBC^rsSStffl^ si 

P°dc}c«, and more profits followed anatoef 
D- 340 . ble Sh0rt notdce - Location, immaterial! 

see ^ s position in operating deot of 
or j 8,8 todustrial plant engr. • Married 
Tech. ®rad. Factory test floor experienee i 7 
nfanta '3d experience with utility and industrial 

bffiSSS™ 1 ® 

aSd E m w 88 ^ 0 ? ®, DIT0R . OoWl e.e. 

vjraa. xo yr. assff. to vice-nres. and gen rnwr 
HtSv? rfenced 111 en ?B- writing witMeafing pi^> 

SWr of b ^ Ietins SSt 

SS«Tl&8. D!a, ''“ "° tfc ’"“■>* or 

E.E. GRAD., 32, single. 9 yr. of design and 

and ®trihnt?l p r; tr ^ ns - Hues. suffitiS 

“hutlon networks as engg. inspector 

writin^f o^^^P 0d i t0r ’ Preparing estimates and 
writing specifications. Excellent references 

oneraHn c °° nectlon with holding ^mpany,' 
contractor or mfr. Avafl- 
at»ie immediately. Location, immaterial, clskrj. 


& counraccor or mfr. Avail¬ 

able immediately. Location, immaterial. 0 ^ 564 . 

ELECTRICIAN OR FOREMAN. 2S single 
<- 10 experience in coal and’ metal 
iPtoing transportation systems. I.O.S. grad 
+vi5 xt ®5i S ^ n ^iniv. course in Indus, mgmt ’ 
&v^«n E >; E o 1 C0urs ? ^th American School! 
Speaks English, Slovanian, Spanish. Worked 3 
yr.inS.Amer. Wfil travel. D-380. a 

E.E. GRAD., • Worcester P.I 1001 00 

lurried. 8 yr. experience, engg., ’design,’ pur-' 
chase of equip, and construction of pwr. stations 
sudtehing stations and substations, 2 yr. in ry! 
Waw VnS -®^ 68 T aIes onRS- work. Location, 

S&ffiSS&T pre,etrea - 


apparatus, switchboards. 3 yr teMhWsS 
tog large mid-western univ? WilfS&^M 

Maintenance and Operation 

Desires position with future. 0-4428. ysis. 

S ?T 

Sty 0r O-779f' Salary secondary tS ^ pp0 ?! 


r,XXTti. ■ a “C- Desires permanent coh- 
m^iu? ff ..P ngg ‘ or sales dep&'tment of control 
SS 1 hni 0 Lnf va L ent Wisconsin locTtton. 

Mtte&te^ D^4r anyl ° CatIOn - Avail - 

SALES ENGR., E.E. GRAD who has mn 
^cted Pro*- company engr., purchasing dept 

territory. D-^58-10-0-10-San Franck. 

Testing 

TENSION CABLE "tester exoert 
experience, large eastern utflity, 28 ian^d 
■.Srari.t 3 yr. Westinghouse test, mch.v ’ 
utfl li>ies. construction testing,’ 

Q C. to 8rC. chauereovfir. finnsumaKo 


^ wuirauu worK. XJQSlres reSDOnsihlA T 

tton, utility contemplating organizing or r 
ga,nizing elec, testing bureau. Avaflahlft 
month's notice. D- 440 . Available 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 

San Francisco 
N. D, Cook, Manager 


205 West Wacker Drive 
Chicago 

H. Wierschem, Manager 


vucuiuiomif, accounting desires position involving 
maj or re sponsibilities. Exceptionally wide con- 
ptfJ l J d Sh. a ll,types plants throughout country. 
Characterized as an able organizer and an alert 
auttWng worker with vision, a highly practical 
1 ^ 297 ° nSC * OUSness and duiet aggressiveness. 

mtSEN GR ., 34, married. 12 yr. com- 
.distribution system construction, 
S^ eri ^® an< J construction methods supervising 

SSiS5Sffl?!S8D;. r KJ.“ fld “. e “ “ d 

March 1932 


kAAINTAINED by the national socie- 
, 1 tles of dvfl, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers' Club of San Francisco. 
An inquiry addressed to any of the three 
offices wfil bring full information concern¬ 
ing the sefvices of this bureau. 

Men Available. —Brief announcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s interval. Names and records 
remain on file for three nionths; renewable 
upon request. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 

> 


31 West 39th St. 
New York 

W. V. Brown, Manager 


Opportunities.— A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable In advance. 

Voluntary Contributions.— Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year’s salary. 

Answers to Announcements.— 
Address the key number indicated in 
each case and mail to the New York office 
with an extra two-cent stamp enclosed 
ror forwarding. 


0 
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Applications • 

for Election 

Applications have been received by the sec¬ 
retary from the foliowing candidates for election 
“ the Institute. Unless other- 
• ^se. indicated, the applicant has applied for 
iS 8 ?? 0 ! 1 &s J a Associate. If the applicant has 
tEFil®* for direct admission to a grade higher 
Associate, the gyade follows immediately 
1e J2 ame - member objecting to the 

of any of thrae candidates sffould so 
inform th6 secretary before March 31 , 1932 . 

Abel,A.E. Jr.JDTniv.of m..Urbana 
Altrup,P/w -# Phil.Stor*Bat.Oo«•,Washington 13 O 
Arente E.13th St.,Brookl^N.Y 

Armstrong,j:H.,Univ.ofIU. 1 01iampaign • 

O’i^'’ 1808 N - Bronson Ave.Hollywood, 
^^stromO.W.,Worcester Poly.Inst..Mass 
Barb ^deoSif S0Utllenl SIerras Pwr.Co.,E,iver- 

S-Enfr Offlce, Florence,Ala. 
Belden,CXL.The Montana Pwr.Co. .Roundup 

BennettJ.O..Western Elec.Oo.Jnc..Kearnv N T 
•'liette JR ^Gurney Foundry Oo.,St.Laurent,' 

Bisbee,jVAl.,United Elec.Lt.& Pwr.Oo., N.Y. 

BUn w?u^eaWis. aUk0e Elec * Rw y- & Lt.Oo.,Mil- . 
Bock.F .S.,Jr„Shell Oil Oo.,Ooolidge,Arlz 
Boden,A.T.J3rooklyn (N.Y.) EdisonOa 
.o o kout,A.G.,(Member) ; So u thwestem Bell Tel. 
Oo., Oklahoma Oity.Olda. 

5SJ i na j m , H.ip..l21 Park Ave.,Englewood N J 
Brice.R/T..Emory Univ. .Emory Universitv Ga 
Bm^A’ U f7-^ S A o0ar o^ a -ColZbia y ’ Ga - 
Uan' ' 3 ^ - ® t -Amour,Ltd. 1 Montreal,Que. 

*rown,C.B.,23 West 84th Sfc.,N.Y.01ty 
”’T4 B sV J fe^?l! c ^. 0 ^i. ev o lai id.Ohio 



ij uuwk, an ., r anama Ultv.-bla. 

<*>&•*** 

HoMon ' “••<*«> 

n!S^ ng, 9'>??. 0 ^ 0 BeU Tel. Oo.,Cleveland 
OarlstonJ.O"8 3 7 So.eth East,Salt Lake Olty, 

Oeserani,F.L.,Montana Pwr.Oo. .Helena «* 


° ha ufd arty ’ M,N " Purdue • Unl , v -W.Lafayette, 

nh^ e n ,J i A VT 01 « ev ®I a S d , Bd of Education,Ohio 
Church, C.jL. , Univ. of Oolorado.Boulder 

' C'onn” Farrel-^irmingham Oo., Ansnnia, 

Clemens ! N.p.,Quakake,Pa.* 

Tel. Oo. .Detroit 
Conklin jC.E., Walker, Minn. 

Oonroy.E.W., (Member hPuget Sound Pwr.fc 
~ .^t.Op.JBremerton.Wash. 

iSshiiig.NY. Que0DS Elec>Lt ' & Pwr - Co - 

&1 , S^ v ' 0f ^5 e ? 0ta * M1,mea P 0 lis 

OurtisRM. .PennRry, Rahway.N. J. 

DaimemanrLH.P.,Jr.,Columbia Univ.,N Y Oitv 
Darling H.B:.,Smithers,B.O.,Can 7 

Darl ^|ton,F.J.,Pacific Tel.& Tel.Oo.,Seattle,. 

Davis,T.MyGen.Elec.Oo.,Schenectady,N.Y 
Degn ^ L -^-^ mber i- So.Pac.R R y Oo., Sac- 
ramen to, Calif. • 

DeH ^."^ C 1 V# tanford Univ..Stanford Univer- 
sity.Calif. 

delaGarza.E.,Box 304,Brownsville,Tex. 

JJenzer, J. A._JJniv. of Arizona,Tucson 
Diggs.V.A,The Ohio Bell Tel. Oo.,Cleveland 

,Mlzpai11 Grade School,Mizpali, 

Dombrowski,T. ( 2237 N.Semlnary Ave.,Chicago, 

D ° W Man -I Can J:RW Ead to Station,Winnipeg, 

N.Bevilie Ave.fTndianapolis.Ind. 
D ^0 , nt < 0sm anadJan Westln Shouse Oof,Fitzroy, 

Evans.H*,709 Nottingham Rd. Wilmington,Del 
Evar^M^a .Powhatan Mining Oo.,Powhatan 

Ferguson.fe.E.,N ew York Tel. Co.,N.Y.01ty 
Fett,G.H.,I°wa State Col.,Ames 1 

Flodin,G.E.,Commonwealth Edison CB Ohi- 
ca go jll. 5 

Lincoln St.,North Easton.Mass. 
S u !} e ?i^VS-’? Prospect Place.Potsdam.N.'^' 
GalletlyTW.,Amer.Tel.& Tel.Co.,Providence,R I 
Gprm^hausen.K.L.MassJnst. of Tech.,Oam- 

G lhb,J ; M. 1 City of Omaha.Nebr. 

Gillen, C. L ,5026 Osage Ave.,PhiIa.,Pa. 

Ang£ cX U ° f Pwr ' & Lt " CIty 0f Los 
Glackin, O. J. ,8340olumbus Ave.,Burlington,N J. 

Eustis St.,Boston,Mass. 
k1, Ser v. Elec. Co., Passaic, N.J 

Goodhue, W.W. .Orfordville, N.H. 


Gray,A.T.,(Member) .Central Hudson Gas & 
®lec.Oorp., Poughkeepsie, N.Y. 

Greiner, A. W. .Montana Pwr.Oo., Helena 

GusCafson.T.A..D.L.& W.R.R.,Hoboken,N.J. 
Haberly.F.S., (Member) ,A.S. Richey .Worcester, 
Mass. 

Hall,J.E.,Univ.of Colorado,Denver 
Hallmark,C.E.,Amer.Steel & Wire Oo..C hicag o, 
^ XII. t> 

Hanley,J.M.,Gen.Elec.Oo.,Pekin,III. * ' 

Harney.P.J. .Boeing Sch.of Aeronautics,Oakland. 

HawleyG.N..Missoiui Pac. R.R.,Houston,Tex. 
Hayes,T. A. J.,Boston Police Signal Service, 
Boston,Mass. 

Hendrickson,C.E.,Jr.,Jersey Central Pwr.& Lt. 

Co. , Allenhurst.N. J. 

Herpich.G. I. .City of Newark, N.J. 

HlUery.R.H. ,Hydro-Elec.Pwr.Oomm.of Ontario. 
Toronto,Out., Can. 

Hite,E.B.,2602 Vernon St.,North Kansas Oity 
Mo. 

Uofmmin,A..Humble Oil Refining Co.,Baytown, 

Hughes,J.B., Teacher,Faubush.Ky. 

> The Carolina Cotton & Woolen 
w Mills Co.,8pray.No.Oar. 

Hurst, J.F. .Sidney, Mont. 

Ishler,K.H.,Assoc.Gas & Elec.Oo.,Erie.Pa 
IsIer.H.F.,(Member), 812 No.Marsalis Ave. Dal¬ 
las,Tex. 

Johnston, A. J. ,Gen.F,lec. Co. .Phila. .Pa. 

Jones,A.W.,3750 Vallejo St.,Denver,Colo. 

Jones M.R. Jr.,Stanford Univ.,Stanford Univer- 
sity.Cahf. 

Katz,A.,222 Fifth St..Ridgefield Park,N.J. 
Kirchner.F.B.,428 N.High St.,Kenton,Ohlo 
KlePglnser.W.D.’New York Edison Co.,N.Y. 

Knaf E^G Brooklyn (N.Y.) Edison Oo., 

Kraska.M J[. ,238 Pa^sade Ave.,Garfleld,N.J. 
Krause,A.H.,(Member),Wisconsin Lime & Ce- 
_ ment Co.,Chicago,fll. 

Kuhner.S.W. .Ohio Elec.Pwr.Oo.,Sidney<- 
Kundrath.M. ,348 Pine St.,Bridgeport.Oonn. 
Kyle.A.S,.Coyne Elec.School,Chicago,Ill. 

Labbok, A.G.,3854 W.Polk St.,Chicago, III. 
LankemN F. .Penn.R.R. .Newark, N J. 
Laurie,D.L.,789 Kenmore Place.Brooldyn.N.Y. 
Lawton.H.B.. Williams Oil-O-Matic Heating 
Oorp., Bloomington, III. 

Lewis,T.S.,Street,Miss. 

Lowe, J.D. .Baldor Elec.Co.,St. Louis,Mo 
Maan umAI .N.Y & Queens Elec.Lt.& Pwr. Oo., 

Margolin,S.C. .Bd.of Transportation,N.Y. Oity 
Mermel.T.W. .George Washington Univ. .Wash¬ 
ington, D.C. 

Metzger,F.,Metzger Elec.Co.,Emporia,Kans. 

Miller, G. W.,Univ.of Wisconsin,Madison 
Miller,L.O.,Western Union Tel.Oo.,N.Y.Oity 

Min< FIush^gN Y & Queens EIec -Lt.& Pwr.Oo., 
Mitte.G E.,Detroit Edison Oo.,Detroit,Mich. 
MOd fnd t ’ GK ” Purdlie Uiiiv^West Lafayette, 
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Order Form for Pamphlet Copies of A.I.E.E. Papers’ 

Hnd _Lt-T. v « . - » 


Milwaukee District meeting papers which are abstracted in this issue 
Number 

□ 32-54 


Author 


Edward Bennett....... 


Title 


32-55 
32-56 
32-57 
32-58 
32-59 

□ 32-60 

□ 32-61 
U 32—62 

□ 32-63 

□ 32M3 


W. O. urn* .. T „„ 40 * he Heating 

O. F. Harding, L. L Carter anrt' i'w nicnr,.Plan for Wisconsin 

E. O. Williai*. ..... _ a d J ’ W - OIson ..Resistant^Insulation for Line Wires 

R. B. Williamson. ..i of Waukegan Station 

W.L. Lloyd. Jr. .T^bo-Alternator 

A. O. Austin.. .Insulator Sparkover 

J. J. Torok and G.. ” ~ .. 

H. A. Frey and K. 

O. K. Marti. 

O. D. Brown and E. w. Jiatz....The60-CVclePri^Tran^En 

O. Stansbury. ... a ^ and Light Company ^ 1 Sy f h ® ^^aukee Electric Railway 

O. M. Ward.;..MScnrv al A^. 6t -R^Hfl f Gaseous T?he Control 

R.E. Pierce . sSoS° ReCtlfler versus Rotar y Converter Automatic Railway Sub- 

J. L. Hecht..Police Teletypewriter Communication "* 

' tSn iUtools Waukegan Stati0Q of Public Service Company of 

Papers presented nrinr .Electrical Instruments in the Gas Industry 

— ■ » rt «' *» Snpt.mb„ 1931 and upon which aradc. In thl. hw„. ba.rf 

-—----- . Title 


□ 

□ 

□ 

□ 


32M6 

32M7 

32M8 

32M9 


.insulator Sparkover 

i: : y:::: y::: 


O 32MI0 E. X. Schmidt. 


Nember 


□ 31-103 

□ 31.106 

□ 31-107 

□ 31-119 


H. S. Fitch.. -r-> , -— _ 

A, E. Bauhau... ..,® Pecnsylvania-Ohio-West Virginia TnWmnnnn«<nw 

t S: *•'* **: •’ • • •:::::::::::: 

and subscribers are ' ’' '' ’ 

m if requested P 3in et one P yew f from^ove^date 5 Name.............. 

Thereafter a charge of 25 centsTer^py ®bta£ .. . 


Address Order Department A.I.E.E. 
33 West 39th Street, New York, N. Y. 


Street Address. 
City.. 
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* Moss,K.S.,Gulf Reflnlhg Oo„PortArtiiur Ter 

**vXSg,S&, SM «° rd *“*••• 

H^D.G.Jowa State Ool.,Ames 
Nutted A 4ve..Penfleld,Pa. r i 

. ’dtytSiil1*“* M Uiuv »'Stanford Univer- 

^^ent Olrcle.Brookllne Mass 
SffiS&WireOo^Atlanta Ga. 

Phillips, F. W.,Brooklyn (N.Y ) Edison no 

|Sr6 , |:£SV%“§Si^S 1 NJ ' 

Rle “vanda!N:Y 0naWanda Pwr 0o -.Nortli Tona- 
Rober tson,T. B. .Hydro-Electric Pwr p nmm 
Ontario, Toronto.Ont.Cam Coram< of 
Robinson,DC. .Syracuse Uni v. ,N Y 
Roeser.H..Biggs & Kirchner.’lnc..Washington. 

ROZ CarbondfiS nUni Cooklng Cto.. 

RUC, Tex G ' F ' ,SOUthem Methodis t Univ..Dallas 

llffiSfpfe 

Seokow.W. J..20 8 FloydsS^SSSraN Y 
Shamdand.H.°.,5 1 4 E.Oatherin&n Y Arbor, 

Shar W&^ YState Tralnln S Sch.for Boys. 

LoulI;M^ Bli0n Urdv -' KGPO-PFUO, S t. 

sStrjH A n;;io^ t ^ ofC f If ^ SttCramen to 
amithjJ.^H.,Union Gas & Elec.Oo.,Cincinnati. 

ISder^RE'™l adio Oo.,Cambridge,Mass. 
Sn'S'l"? 6 Hummel Ave.,Lemoyno Pa 

3 J/wIm?’ Osn.Eloc. Co., Schenectady N Y 

ItoSo a ,,Ari SP ur Inst.of Tech^OhicaKo' Tn 

Stone, K.B.,Amer. Tel & Tel no 

Stiibblebine™GoorgiaPm-d?A^^ eonn - 

S™^y,W.B. Jr!,437 ‘wA^^S^ ton , 

Therfault ¥ a ? ar Avo..Clifton.N.J. 

'rC««r r.Fleetwings.Inc.,Garden OibvN Y 

OMo A - OaS0 Sch0f Ap. Sc. .Cleveian J j 

Twg^n W*L ‘^uSi^f^° o V? 0u . thb S d « e * Mass - 

T’wgasam.^^ss 

S? n a i c iA; S T , ^ t{ !? cadero ' 0allf - t 

Wadron^isi9 J 'w ' C ' 0,, l >onsaco ^ a, ^’ta. { 

waaro f L).,3812 W.Van Bureii St OhfftAjm tii v 

Wayer,O.F,,Jr.,Gen.Elec.Co.,Bloomfield N J n 

Wefntraub S.,567 East 26th St..Patorson NJ l 

Welch, W. E., Uni v. of Kansas,Lawrence ’ ' ® 

Weilner, O.J , Bd. of Tx , ansportation,N.Y City a 

W <Seok’ 0 ' L ' ,SOUthern ° alif ' Edison'Oo^Big 

*“*•“* «■"*«* | 

Whitener.R.V.,Radio Serv.Oo., Inc.,Richmond, v 

Wort^?’n’ ] T7«a5 > w I r 1 HS? 7 & Co.,Baltimore,Md. 

W 0& G " 1738 WJofferson St.,Los Angeles, P 

Wyatt,IC.8..Detroit Edison Co.,Mich p 
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E n 0Heeririg Literature 


New Books 

In the Societies Library 

A 

* *MONG the new bopks received at 
the Engineering Societies Library, New 
York, during January are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
ftooks listed have been presented gratis 
by the publishers. The Institute assumes 
no responsibility for statements made 
in the following outlines, information for 
which is taken from the preface or text 
of the book in question. 

management, w n 


including duties of various employees, 
of accounting and recording, ana wages. 


w 

ENGINEERING SOCIETIES 
LIBRARY 

29 West 39th Street, Ne"y York, N. Y 

MAINTAINED as a pubhc reference 
library of engineering and the allied 
sciences, thislibraryisa cooperative actiw. 
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moved fii$t by the centrifuge bowl, the 
vacifum efficiency is destroyed by the 
surplus water vapor. 


Allis-Chalmers Anoints L. W. Grot- 
haus.—Announcement has been*made 
that L. W. Grothaus succeeds C. E. Searle 
as general representative of the Alli s- 
Chalmers Manufacturing Company, Mil¬ 
waukee. Mr. Searle resigned on January 
» 31 to become vice-president of an eastern 
firm. Mr. Grothaus has been affilia ted 
with the AIlis-Ghalmers Company since 
1904. Brior to his promotion he was as¬ 
sistant manager of the electrical depart¬ 
ment. 

e . ' * 
American Transformer Appointments. 

-—Announcement has been made by 
* the American Transformer Company, 
Newark, N. J.,of the appointment of two 
sales representatives. Edgar M. Moore 
Cbmpany, Farmers Bank Building, Pitts¬ 
burgh, will handle sales of AmerTran 
industrial transformers in western Penn? 
sylvania, southern Ohio, and West Vir¬ 
ginia. Theodore F. Mueller, 3-260 General 
Motors Building, Detroit, will bn.nrliA 
sales of all AmerTran products in the 
■ entire state of Michigan with the excep¬ 
tion of the upper peninsula. 

„ Steel Tubes Announces Appointment, 
—Morgan P. Ellis has been appointed 
vice-president in charge of all sales. 
Murray J. Whitfield is general sales mana¬ 
ger of the electrical division in charge of 
sales of “Steeltubes” electrical metallic 
tubing (thin wall conduit). 

r> 

General Electric Orders in 193h— 
Orders received by the General Elec¬ 
tric Company during the year 1931 
amounted to §252,021,496, compared 
with $341,820,312 for 1930, a decrease of 
26 per cent. President Gerard Swope has 
announced. Orders for the quarter ended 
December 31 amounted to $49,321,480 
compared with $74,168,480 for the last 
quarter of 1930, a decrease of 34 per cent. 

Insulator for Universal Clips.—-Rubber 
insulators of a new and improved style are "" 
now being offered for Universal clips. 
These new insulators have an extended 
tubular portion at the rear which insures 
that any bending of the cord near that 
point takes place on a relatively large arc 
thus preventing breakage of the copper 
conductor. A further feature of the new 
insulator is an interior constricted ring of 
rubber, which serves to keep the insulator 
f*om slipping down on the cord when the 
clip is applied to a terminal. An interior 
wmngement of the insnlator makes it 
^ible to mount it on the clip either 
Sr *“• nose , 6xposed ° r with the cup 

S ^ y th T 1, 80 ** n0S6 is 
fl^^th the outer opening. This latter 

gaamn is often desired, as it prevents • 

wW ^^! H5irouiting ^ each other ; 
hm knocking about on the test floor i 


w 

test bench or laboratory table. Mueller 
Electric Co., 1583 East31st St.?Cleveland. 

Electrolytic Condensers for Capacitor 
Motors.—With ^considerably, improved 
characteristics due to a radical departure 
in the formation of the oxide dielectric 
film on the alunlinum foil, the small elec¬ 
trolytic condenser is ready to go outside 
the rhdio field and find many applications 
in electrical and industrial functions 
according to William Dubilier, pioneer 
condenser designer and manufacture];. 
“Recently, our engineers have developed 
a new and radical means of forming the 
oxide film on the electrolytic condenser 
foil,” states Mr. Dubilier. “Not only do 
we obtain a tougher dielectric film, 
capable of higher working voltage and 
faster comeback in the event of a break¬ 
down, together with a more favorable 
power factor, but the very nature of our 
new forming process conserves the elec¬ 
trolyte for a longer service life. We now 
find it possible to employ electrolytic 
condensers for cfipacitor motor functions. 
The 110-volt or 220-volt a-c. electrolytic 
units are proving satisfactory for starting 
and intermittent service. The fact that 
a ver/high capacity is obtainable at a 
very low cost, makes these capacitors 
highly desirable today.” 


TraJe Literature 


A New Oil Purifier.—A new type of 
.centrifugal oil purifier for transformer 
and circuit breaker oil, in which the oil is 
centritogaUy purified under a high vac¬ 
uum, has been introduced by the Sharpies 
Specialty Company, of Philadelphia, 
under the registered trade name of 
“Deoxator.” It is claimed that this ma¬ 
chine not only removes any free air in 
the oil, but also removes 90% of the 
oxygen in solution and any dissolved 
moisture. The removal of the oxygen 
in solution tends to reduce the formation 
- of slu dgc through oxidation while the re¬ 
moval of dissolved moisture .produces a 
dielectric that will last longer 

. T Jj ^eoxator can be used effectively 
for Ihe following work: for filling and 
_dr 3 dng ou t new equipment; for filling 
Inertaire type transformers to eliminate 
second blowing with nitrogen; for cen- 

• 011 m transfonners that are de- 

•^ ,® d *° pre J ent ** contact and prevent- 
U ?° d * Cti0n 0f any air whatsoever 
mer; purif yW oil for oU 

cabies; Purifying off in subway type 

transformers that are sealed up tighter 
producing a purified off with less*sludge' 
forming tendencies and having a mnl 
^stentdielectric. In.theSmclrSe 
centnfuge bowlls stffi used to remove free 
water and sludge while the vacuum 

=«t-es.- BI 


Motors.—Bulletin 173, Part. 4, 2 pp. 
i Describes brush-riding ropulsion-induc- 
tion motors. Wagnor Electric. Corp,, 0-100 
Plymouth Avenue, St. Louis. 

Indoor Bus Supports.—Bulletin (IMA- 
924B, 32 pp. Describes In detail various 
types of bus supports available to moot 
the requirements of various installations. 
General Electric Co., Schenectady, N. V. 

Aluminum Bus Bars.—Booklet, 20 pp., 
“Channeluminum Electrical Comluators 
of Alcoa Aluminum." Includes illustra¬ 
tions and diagrams as well as installation 
photographs. Aluminum Company of 
America, Pittsburgh, Form a. 

Constant Voltage Regulators.—Bulle¬ 
tin 5501. Describes Ward Leonard con¬ 
stant wattage voltage regulators for 
eliminating the distortion and inaccura¬ 
cies of photo-cell devices resulting from 
voltage fluctuation. Tlio device is a 
voltage transformer and regulator com¬ 
bined, reducing the a-e. line voltage to 
that required by the exciter lamp, und 
maintaining the exciter lamp voltage con¬ 
stant regardless of instantaneous fluctua¬ 
tions in line voltage. Tho design of the 
regulator is such as to compensate for 
variations in lamps of the same nominal 
rating and to correct for the increase in 
lamp resistance due to aging. The regu¬ 
lators are used to maintain constant 
voltage with Various types of loads, con¬ 
stant or variable, with loading or lagging 
power factors. Ward Leonard Electric 
Company, Mount Vernon, N. Y. 

Thrustors.—Bulletin GKA-1202B, 24 
pp. Describes G-E .Thrusters for pro¬ 
ducing a straight-line, constant-pressure 
thrust from an electric motor drive.. 
There are two general fields of application 
of these units: (1) to supply pressure and 
actuate lever mechanisms, (2) to replace 
muscular effort with eledtric control on 
foot-or hand-operated machines. The 
device can be installed easily on praeti- 
caUyany type of equipment. It handles 
clutches and. brakes in such a way as to 
prevent strain and excessive wear; it can 
be utilized to increase production; to 
afford greater safety for the workman, 

T^Lo°i 1 ?°? plete elGctrie control. 
Typical installations are illustrated on 

punch presses, spot welders, hoists and 
elevators, valves, conveyors, and for open- 
tog and closing sliding, swinging and 
Mt doors. General Electric Company, 
Schenectady, N. Y, F y 
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tLECTRO CHEMISTRY represents a 
fruitful field for the application and utiliza¬ 
tion of electric power; furthermore it holds 
many opportunities for the young electrical 
engineer with some knowledge of chemistry. 
p. 238-242 


EDUCATION “after college” has met 
with surprisingly successful results accord¬ 
ing to a report issued recently by the chair¬ 
man of the educational committee of the 
Institute’s Chicago Section, p. 280-281 


PrOPER control of lines interconnecting 
two electric power systems is a problem in 
load control rather than frequency. Special 
equipment has been designed to accomplish 
this and has been found to operate satis¬ 
factorily with frequency control equip¬ 
ment on one of the systems, p. 256-260 


Vi OMMITTEES already have been ap¬ 
pointed and are busy preparing for the 
coming A.I.E.E. summer convention to be 
held in Cleveland,. Ohio, in June. ^p. 275 


e T 

' I HE de Laszlo portrait, for which 
President Hoover recently sat, was 
unveiled in „ the Engineering Societies 
Building, New York, on February ,16. 
P- 273 

If REGISTRATION - records are an 
accurate indication, the district meet¬ 
ing held recently in Milwaukee may be 
classed as an unqualified success. 
p. 270-271 

Experiments show that of the 

total current passing through the body 
during electric shock, only a small per¬ 
centage actually passes through the 
heart, p. 242-244 


■ APERS presented at the recent 
A.I.E.E. winter convention* were lib¬ 
erally discussed by those attending; as 
much of this discussion as space per¬ 
mits is presented in s ummar ise! form 
in this issue, p. 272-279 




226 


lORE than 1,200,000 synchronous 
electric clocks are said to h^.ve been 
sold in 1930. Tests over a period of 
several weeks show the tnavimnrn 
deviation of these instruments to be 
only 44 sec. p. 228-232 

\ Stability studies of metropolitan 
electric power systems often pave the 
way for more reliable or economical 
system layouts. Curves have been 
developed by which the transient 
stability may be determined for any 
system of this type. p. 232-237 


RECENT survey shows that 6 
per cent of the total railway mileage of 
the countries of Western Europe are 
electrified. This percentage is in¬ 
creasing yearly, ancUdespite the present 
economic crisis 1,042 more route miles 
now are under construction or author¬ 
ized. p. 244-252 , 

Plans are practically complete for 
the Providence meeting of the A.I.E.E. 
North Eastern District. A well- 
rounded program with many attractive 
features has been arranged, (p. 268- 
270.) Interpretive abstracts of all 
technical papers to be presented appear 
fl in this issue, p. 263-267. 
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FREDERICK LANE HUTCHINSON 



1866—1932 


F| 0 V!l ^ J - April 2, 1865, to 

ated b fro m ( C m9) N n M J0lln Hutchinson ' sradu- 
£,"7 Un ' ve ^ity, 1893; with the 

Wesbnghouse Electric & Manufacturing Com- 
pany from 1893 to 1901, became an /4odI 
of the Inatttute in 1894; manager of publications 

1901-2 C 7 ' t ' Hunt Company of New York, 

FU b • r ' rt,S,n r S itT dnd9er for the National * 
electric Company of Milwaukee, 1902-3; sales 

manaser for the same company, 1903-4; took up 

special work^on the Institute TRANSACTIONS 

!" appointed Assistant National Secretary 

n 1908, became National Secretary in 1912, 
t^nsferred to grade of Member of the Institute, 
1913; married Grace Lawrence Duryee of San 

, ®°' 0,1 f -r 27, 1921, represented the 
mtitute at the World Power Conference, London . 
1924, and at the World Engineering Congress 
Tokyo, 1929, died Friday, February 26, 1932! 


* 

' A MEMORIAL RESOLUTION, adopt¬ 
ed by the Executive Committee of the 
American Institute of Electrical EncjineersT^— 

WHEREAS: The death of Frederick L. Hutchinson 
. ha, removed from the American Institute of Electrical 
Ejmeers one of its most devoted members and a 

leader of marked ability and high ideals, 

WHEREAS: During his service of twenty-eight 
years as a member of the staff, including twenty yearn ' 
as national secretary, he worked unceasingly and 

an J*" J*" beSt in ‘ C,eStS ° f the men ’temhip 
and the advancement of the entire engineering pro- 

fessron, exhibiting at e || times remarkable enthusi- 

asm, unselfishness, and wisdom, 

WHEREAS: His delightful personality, his deep 
", in the wide range of activities of the Institute 

keen ^TT ^ Which * his 

fad T ° * q “ eSfi ° nS inV ° lved ' and hh unfailing 

‘ f '° n i, T a lT’ won fhe respecf and * d "*'"«on 
of a multitude of friends, be it therefore 

RESOLVED: That on behalf of the membership, 
he executive committee hereby expresses its pro- 

% r°; t,,e ** one of the Institute's 
outstanding eadem, and extends to the members of 

stis* . 

RKOLVED: That these resolutions be inscribed in 
he minutes of the Executive Committee and a copy be 
transmitted to the members of Mr. Hutchinson's family. 
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Synchronous 
* Electric Time 


Commercial a-c. time service has been made 
possible by the.development of a self-start¬ 
ing synchronous motor and of a master clock 
to indicate deviations of power system fre¬ 
quency from normal. Construction, accu¬ 
racy, and application of various types of 
these devices are described in this article. 



h:e. WARREN 

ASSOCIATE A.I.E.E. 


Warren Telechron Co. 
Ashland, Mass. 


^^EFORE the beginning of the present 
„ century tljere were a few individuals who realized the 
possibility that commercial alter n ating current, by 
means of its recurring pulsations, might be used in 
Some manner to measure time; but dreams of this na¬ 
ture did not materialize in practical perforfiiance. 

Up to 1916 there was no commercial a-c. system in 
' existence in which generator speed was regulated with 
sufficient accuracy so that the current could be used 
for the purpose of indicating time by means of syn¬ 
chronous clocks. At that tin;e two devices were 
brought out Which in the succeeding years made pos¬ 
sible commercial a-c. time service. 

The first of these devices was a self-starting syn¬ 
chronous motor utilizing residual magnetism to per¬ 
mit a rotor to start and run at synchronous speed. 
This type of motor differs from all the common forms 
of a-c. motors in that eddy currents induced either in 
the mass of the rotor or in some form of winding upon 
the rotor are not utilized to start the rotor from rest. 
Instead, the rotor is made of such permanent mag- 
netic material and is so proportioned with respect to 
the field that remanent magnetic poles are set up in 
tire rotor material by the a-c. magnetism of the field 
m such a manner as to cause the desired motion. 
Such a motor is sometimes known as a hysteresis 
2 shows a view of a recent model. 
Thebands of a clock were connected by a gear train 
with the first of these Self-starting synchronous mo¬ 
tors and this dock, supplied by current from the local 
electric light system, was compared with standard 
time at intervals over a period of several weeks. The 
new motor driven clock proved to be a very inferior 
timekeeper, developing daily errors as great as 5 or 
0 min., thus proving the need of greater accuracy in 
^average frequency of the power supply if it were 
> be used for timekeeping. ' * ; '; 


Fig. 1. Dial of a large synchronous tower clock. 
Illuminated at night, the characters around the circum¬ 
ference flash in succession to indicate seconds 


By observing these daily errors it was easy to com¬ 
pute the average value of the system frequency. 
There are 1,440 min. in a day and the gearing of the 
clock was such that if the frequency had been exactly 
60 cycles, there would have been no time error; a 1 per 
cent error in average frequency (0.6 cycles at 60 
cydes) would mean 1 per cent error in the time of the 
clock, which amounts to 14.4 min. per day. The ac¬ 
tual, computed error in the average frequency as de¬ 
termined by these observations is shown in the upper 
curve of Fig. 3 which was originally published in the 
article, “Clocks in the Field of Electric Light Ap¬ 
pliances” in the N.E.L.A. Proc., 1917, Commercial 
Sec., p. 641. • 

The second device consisted of an indicating instru¬ 
ment that would show to a generating station opera¬ 
tor directly in terms of tune, deviations of average 
frequency from standard. Guided by this instru¬ 
ment, an operator could so regulate the speed of his 
generators as to maintain such small deviations from 
standard average frequency that the alterations could 
be used to measure time for all ordinary commercial 
purposes. Fig. 4 shows the dials of a type of mas t er 
clock which is in common use. The large dial in the 
center has two hands, one black and the other gold. 
The black hand makes a revolution on the dial every 
5 min., its rate of motion being regulated by an accu¬ 
rately adjusted pendulum beating seconds. The gold 
hand is driven by a gear train directly from one of the 
Telechron self-starting motors. The,gear ratio is 
such that when the average frequency is correct, this 
hand will also make one revolution in exactly 5 min. 

The two hands are started off together, and so lopg 
as the average frequency remains correct, will keep 
together with no visible angle between them. An er¬ 
ror in the average frequency will cause the gold hand 
to move slightly faster or slower than the black hand 
and they will become separated. The angle of sepa¬ 
ration "will be a direct visible measure of the error in 
the integrated alternations, which may be conve¬ 
niently called the system time. If the gold hand is 
ahead, this will show that the system time is fast; if 
behind, that it is slow* • <- 
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MASTER CLOCHI 



• a ‘n average frequency before and after 
the installation of an indicating master clock 
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in rotating equipment (generators, motors, etc.) 
that when properly adjusted at the be ginning of a 
flat load period, they will give almost perfect time 
with no adjustment of governors for speed. Over 
the irregular portions of the load cutv£, however, 
governor adjustment is necessary and much work 
is being .done at present to divide the burden of this 



Fig. 4. Operating* 
dials of a common 
type of master clofck 
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regulation on large interconnected systems between 
the various power companies by the use of Automatic 
frequency Control to supplement the master clocks. 
When perfected and applied, these instruments will 
undoubtedly reduce the system time error to insig¬ 
nificant values of the order of 1 or 2 sec. 

Synchronous Ci^ock Motors 


c 

the alternating‘field unless* some means is provided 
which will permit a sfldden phase shif t of the rotor 

# poles as the rotor speed passes through its synchro- 

* nous value. Among the satisfactory schemes for ac¬ 
complishing this Result is the use of loosely coupled 
fly-wheels on the rotor shaft or spirally arranged rotor 
poles with means for the axial shifting of the rotor In 
the field. Also, when started by hand, mechanical 
launching devices ^sometimes are used to bring the 
rotor up to approximately synchronous speed auto¬ 
matically. 

The self-starting synchronous clock motors which 

• have appeared within the last few years utilize a-c 
fields with rotating components brought about by 
the use of shading coils. Most of these motors have 
multi-polar rotors with some form of squirrel-cage 
winding or a copper element wherein Foucault currents 
are induced by the rotating field, bike ordinary in¬ 
duction motors, such motors get their starting torque 
through the reaction of the Foucault currents in the 
field. Synchronous driving torque in these varieties 
of self-starting motors is produced by polar projec¬ 
tions of the steel rotors or by a separate polar element 
loosely coupled to the rotor shaft. One variety of the 
recent self-starting synchronous motors utilizes rema¬ 
nent magnetism for starting and for synchronous 
operation. 

Any of the rotors described heretofore may be used 
to drive the hands of a dock through a simple train of 
gears. Tvfo forms of such gear trains are in common 
use, one composed entirely of spur gears and the 
other utilizing worm gears and worms. On account 
of the greater effidency of transmission, a spur gear 
train is better for large clocks, but for, small clocks 
the other mechanism is satisfactory. Frequently the 
high-speed gears of a spungear train are made of non- 
metallic material so as to run more quietly, and the 


About 1928, twelve years after alternating current 
regulated by means of master docks as illustrated 
in Fig. 4 became available, there appeared on the 
market the first of several new varieties of synchro¬ 
nous motors suitable for use in docks. These motors 
may be divided into two classes; non-self-starting and 
self-starting. 

. The non-self-starting motors, of which there are 
§everal kinds, generally have toothed, soft-sted ro¬ 
tors. The usual stator construction is bipolar with 
teeth on each pole corresponding to the spacing of the 
rotor poles. In all multi-polar motors of the co mm on 
varieties the speed is found by dividing the number of 
current alternations per minute by the number of rotor 
or stator poles. In nearly all cases no attempt is 
made to introduce a rotating component into the 
fidd.* A common arrangement of rotor and stator 
is shown in Fig. 6. On account of the difference in 
magnetic rductance between rotor positions, where 
the poles do or do not correspond with the stator 
poles, a strong reactance torque exists when the rotor 
is at rest. This tends to prevent the rotor from start¬ 
ing ; but when running at synchronous speed, tends 
to keep it at that speed. 

_ Tt is somewhat d iffi cult to spin such a rotor by 
hand so as to cause it to lock into synchronism with 
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Fig. 5, Maximum daily, system time errors of four 


large power systems 

9 

motor or the whole clock movement is usually 
mounted on cushioning material so as to reduce the 
a-c. hum. Some clocks are much quieter than others, 
depending upon the rigidity of the field laminations 
and the design of the moving parts. 

Any one of the motors mentioned is adequate to 
drive the hands of a clock dial 12 in. or less in diame¬ 
ter. The actual oUtpujt required for «this purpose is 

i . Fuectricau Engineering • 



and^l^^ S1 ? a ^' ^pck hands are balanced 

and the gear train is fairly efficient not mnUTw? 
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output of these-motors seems exceedino-lv O moti « 
compared with commercial motors as 
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Fig. 6. One type of 
non-self-starting syn¬ 
chronous clock motor 
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Applications 


tra 7 r !? aIly Dts f ly 311 the makers of instruments be- 
gan using synchronous motors in olace of cnWnw 

2ESS5 r ** ** motor s 

whSwfc? nearly a complete catalog of devices in 
which the measurement of time is involved ThU 

hToftl ^ °/- these motor ^ven instruments is per 

+ ? re a * so niany kinds of instruments which do 

s S^t SK ^£s.S' ”“* a 

vicesMciuriv^f *2? lmpo , rtant class of timing de- 
™,^l r • , of ordm ary clocks. Among them are 

S: k r e 3 Sta^s a et cost , rec0rdera ' pr W 

mov^ ^ f adually heen’repl^ sprin^do* 
movements. In many cases this owL uU l. l 0 ? 


“ “““V devices ana mstruments has been go- 
° n ever smce these motors became avSlabk 
5 e users were the power companies themselves 

those^th^, 7 I . nsfxu ments and meters, especially 
ose of the maximum demand type which reauired 

£2^*. The spring clcSuSte 
cos tlv £^E°SL . were “accurate, troublesome, and 
y amfain. This was especially Jxue because 
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and expensive wiring. ^ C10CkS ’ batteries - 

so-called “rSettSgXviS'^r Hu^Site so^erf 

in theS,lv S f ard against the ^ct of interruptions 
“piate Cu 7 ent - fo all such installations a 
? i- wiring system is used, connected with the 

public service system through a suitable 
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The resetting device automatically measures the 
* duration of an interruption and after the current is 
. restored* applies higher frequency or otherwise speeds 
up the clocks until again they are correct. 

• The problem of driving very large tower clocks by 
means of self-starting synchronous motors* is much 
less difficult than that formerly involved in the use of 
conventional pendulum tower clock movements. Of 
course it is necessary for the gears and shafts to be 
very strong because the stresses due to the great 
\ weight of the hands *and the pressure of the wind are 
rather high. Fig. 1 shows a tower clock movement 
installed on the Williamsburgh Savingg Bank at 
Brooklyn, N. Y., where each of the four dials is 26 ft* 
in didmeter and the hands alone weigh 700 lb. per 


pair. The hour hand sleeves of .this cl’ock are of steel 
and their outside diajneter is 4 in. The power re¬ 
quired to drive these hands during a heavy wind is 
less than 0.001 hp. The motors used have a very 
large surplus power margin. . ' 

Since their conception in 1916 synchronous motor 
clocks and timing devices have increased in use with 
extraordinary rapidity, especially during the last few 
years. m According ,to estimates more than 1,200,000 
synchronous • motor clocks f were sold during 1030. 
There seems little doubt that during the coming years 
spring and weight driven clocks will be replaced 
•in large measure by the new a-c. timekeepers, 
which have proved superior in every important 
respect. 


Stability Solution for 
Metropolitan Systems 


General stability curves are given in this 
article by means of which the transient 
stability during fault may be determined for 
any metropolitan type system. The results 
are obtained as the permissible fault dura¬ 
tion in terms of certain indexes of the sys¬ 
tem and fault. For a given 'fault only three 
readings, taken on a d-c. calculating board, 
are required, the solution being obtained 
without the necessity of investigating the 
electromechanical oscillations. 
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be profitable not because i£ta“ 
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cause such studies often may pemit a more reUable 
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of the permissible fault duration in terms of certain 
system constants. 

These constants may be found for most metro¬ 
politan systems from short-circuit study on a 
conventional _ d-c. calculating board. The funda- 
mentaV premise underlying this method is that set- 
ups givmg the same values of the system constants or 

approximately the same degree of 
stability The curves give the results of studies on 
hypothetical systems covering the range of the sys- 
encoi t ! nt 1 ered in metropolitan systems. 
I m , etho f practical, the number of in- 

tSt tbe 11 S lrf Jf ed ^ a ” itlimum - This means 

must be nltwrlT p J oduced minor influences 
.be neglected and average values assumed for 

machine characteristics. It was found that if the 
scope were restricted to metropolitan type sys tems 
fte number of essential indexed could be reduced to 
to. nth tom* Inodhying 

l ”“ au ~‘ 6 y hn- 

sa sssrr 

,. , relatively close to their load centwQ wt+ti 
'.$££! 3 largE numb er o&erate 
p2 S iJ of P tT r T pply t0 most metro- 

togHis^recSvf a ^l i0 * a “f ^ S6Veral 

from distant hydroeiectrk^uJeT^ ? P °^ er 
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1 t b ^. aSS r ed hei : e ' al though a factor is introduced 
’ a< -count of other values of initial load. The 

; wavs the clMioe^m^ Jp* 7 be ex P ressed m various 
vSer,™ “° lce . d fpendmg upon adequacy and cou¬ 
pon- is the ™ ““if 1 us f d . here fox synchronizing 

generator’^nd tW "*?*??“ betwe “ ‘he “faulted 
the ffuauung generators expressed in 
per cent of the ratmg of the “faulted generator ” 

St oftte '7 Ve n t X ° f fauIt is ** sh °rt-cir- 
current of the faulted generator” exr>re<*sf»d i« 

number of times rated current, modified if necessary 

by a factor to take account of fault location " 7 

circuit ?^^f St i a o ffity c F ves for a generator short- 
orernt ratio of 1.0 are shown in Figs. 1, 2 and 3 

Other curves, not shown, have been calculatPH wl' 

generator short-circuit ratio of 0.8. These two sets 

of cury es a r e ve ry nearly identical, and show tSt 

generator short-circuit ratio has a minor effect nr. 

ransient stability. Fig. 1 consists of a family of 

?°venng the range of over-all reactance X 

m terms of short-circuit current I PG from the 

t u T l d generator, and the permissible fault duration 

tid. f 1 ' CUrVe %° f Fig * 2 ’ “ ^ shown late" pro- 

correctlon for resistance in the fault 
a,nd for other than rated load on the generator. 

The curves of Fig. 1 apply directly to fau a ts at 
locationselectricany equivalent to the generator 

feeSrWeaker 1 ^ m Seders, i ust beyond the 
n>w i , P rovide for faults occurring at 

loc ations, a dose approximation is secured hv 
dmd tng the value of I PG by afactor ?Ld f rom Ff e 3 
brfore entenng Fig. l. This “location fartor”' t 
obtained as a function of the ratio of I FG to I, the 
total fault current. This ratio will be denoted by 
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Method of Application • 

♦ 

The application of these curves will be demon¬ 
strated by an example. A typical metropolitan type 
systeih is shown schematically in Fig. .4 with re¬ 
actances as indicated. A fault at point M will be 
considered. A three-phase fault at this location 
isolates generator A from the remainder of the sys¬ 
tem for the duration of the fault, and this generator 
therefore the one most likely to fall out of step first. 
Therefore, machine A becomes the “faulted genera¬ 
tor,” and all other generators including those in the 
samfi group with. A become the “remaining genera¬ 
tors.” Fig- 4 under these conditions reduces to. 
Fig. 5. This reduction may be carried out analyti¬ 
cally or by the use of the d-c. calculating board. In 
the lattef case the actual reduction to the simplified 
form need not be completed, as the necessary indexes 
may be obtained from the current readings neces¬ 
sary for the Reduction. From the simplified figure, 
the overfall reactance X between the faulted genera¬ 
tor and the remaining generators is equal to 27 + 
15 = 42 per cent. This reactance must be based on 
the kva. rating of the faulted generator in all cases, 
and if the reactances are set up on some other base 
they must be converted to this base. To determine* 
the total fault current I F , the branches on each side 

* of the fault are paralleled giving ^ ^ =9.65 per 


without the fault, generator A is connected to the 
positive bus, its transient reactance being included 
as part of the system," and the remaining generators 
‘connected to the negative bus in a similar manner. 
The current flowipg from generator A now is read 
and converted to number of times rated current i'ol* 
this generator. For this case the value is found to Be 
2.38. The reciprocal of this value expressed in per 
cent is X and of ^course is 42 per cent as before. 
The remaining generators now are removed from the 
negative bus and connected' to the positive bus and 
the fault applied by connecting point M to the 
•negative bus. The fault current and current from 
generator A then are read and converted to number 
of times rated current of generator A . This gives the 
same result as was obtained from the .simplified 
system of Fig. <5, that is, 10.4 and 3.7 times rated 
current, respectively. 

If the fault had occurred at point N outside the 
feeder reactor on a radial feeder instead of at point 
M, the simple equivalent system would appear as 
in Fig. 6. The reactance of the feeder reactor is 
assumed as 3 per cent on the feeder rating, equiva¬ 
lent to 30 per cent on the rating of generator A, if 
the.feeder rating is one-tenth that of the generator. 
If the faulted feeder had not been radial and had 
been tied into the system at the distant end, the 


cent. The total fault current therefore is -—-_ = 

. 0.0965 

10.4 tunes the rating of generator A. The fault 
current I FG supplied by the faulted generator is 

42 * 10 - 4 " 3 - 7 times .rated current. The ratio of 


Ifg/If gives r FG as 0.357r The essential indexes are 
thus 

Over-all reactance X = 42 per cent 

Current from faulted generator I FG = 3.7 X rating 
R^tioI FG /I F ~ r FG =0.357 

The location factor is obtained from Fig 3 
entermg the curve at r FC - 0.357 and interpolating 
tor A - 42 per cent, giving a value of 0.7. The 
adjusted value of I FG is then found to be 3.7 divided 
by 0= 5.3. The permissible fault duration now 
may be read from Fig. 1 for I FG = 5.3 (extrapolated) 
42 > and is found to be 0.39 sec. 

If die d-c. calculating board is used, the indexes 
may be found directly. With the system set up 




dX™?* S S tem n ? f ? ig ' 6 would have been slightly 
different, althcmgh the over-all reactance would 

that r rem? Ce ?i’ 14 wU ! ke f°nnd for this case 
that r FG remains the same since it depends only on 

branches ad i acent to toe generator " 

in series with^lw* n ^ 30 per cent rea ctance 
curSfL^L^ fault, however, the total fault 

S redu “ d a? d becomes 2.52 times 

0Q generator A. I PG i s f ound to be 

i' .anes rated current and when adjusted for 
location becomes 1 9Q - J , CQ Ior 

referred tn i u •t y~ eu these indexes are 

the ranre V® f ° Und toe point is beyond 
dmaS fe L^ o £ nd toe permissible fault 
upper limit of roia S - 6C ' T w0 seconds is about the 
themanv tu ?“ for most systems and 

curvS^^^f^-ble to carry the 
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all 1 ^ ls at 0 so that it will affect 

all four of the generators in station 4 more eauallv 

there is a possibility that this entire group may lose 
synchronism with the remainder of the system In 
such a case, the g“roup should b® considered as the 
suited generator, and a solution should be carried 
out expressing aH indexes in terms of L mW 0 f 

pare5 r 3h aS t h " t b f Se ' ™ S soluti °* 

pared with that for generator 4 considered as the 

T 1 shorter of two values of 

result We faUlt duratlon should be taken as the 

One more variation will be considered, that of tf 
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® tand P° int “ unbalanced fault may be 
S£ e +t. nt f d an e( 3 u iteilent impedance in series 
with the fault, the value of this impedance beinv 
function of the negative and zero seauence imrwfcm? 
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Fig. 6. Simplified equivalent of Fig. 4 for fault at N 

^rte/ au '‘ °" tbe leads of the transformer A at 
•* i 0Se t0 bus. In this case generator A 
3 y i0 “ s ^ ^t be disconnected from the svstem in 
orderto clear the fault, and the pZtofinto e ?ts 
how long this fault may persist riZt2„! 

Sto B J & and ?. to lose synchronism witlTthe 
f®“ a “ der of the system. Generator A is isolated 
from the system by the fault while the fault oersists 
isolated by its circuit breaker when default fe 
cleared. Therefore, only- tnachines B C and D 
are considered as the faulted generator, andgenSata 
A is entirely elinunated from the calculations Th#» 
eqmvalmit simplified system for this case £ showJby 

-»ft on rife,“ ow be “ g ^Pressed in per 

C an7D b TW, b S■ d kva - rat “S of generators 5, 
2“ f • From this pomt the calculations proceed 

“ f0 _ r examples, 

value of 7 - 1 sin’ °-® 32 and the adjusted 

auie oi lpG — 1.80. This gives 0 53 cpp 9e x-l. . 

permissible fault duration. “ the 

If the fault had occurred on the bus, the condi tions 

tite "Lb 6 thf riV 0 h W t haVe b l en the same - but after 
wui? ^between the synchronizing bus 

te^iiSd the Tv of .^ nerator A to the point Q :is in- 
tf^fwVir ThlS vlolates the fundamental assump¬ 
tion that the reactance after the fault is essentially 

the same as before the fault, so that the curves can- 
not be apphed with the same degree of accuracy. 


+iJ I ' he f ?!? 0wing influences were not considered in set¬ 
ting up the curves of Figs. 1,-2, and 3: • 

1. Resistance in the connecting lines and in the fault 

2. Values of initial generator load other than normal rating 

3. Voltage regulators. - 

reasonabIy representation by 

The correction to take these effects into* account in" 

f S 0 h ™ s ‘ bat permissible fault dura" 

frf^P ea \° greater than would be indicated if the 

cur^of hW s n 1 gl | CteC !i q 11 is u felt theref ore that the 
curves of Figs. 1,2, and 3 can be used directly without 

held C be"Se n for a m°oi 0r ”° St W0 T k ' Thi ® view « 
f™, if ?. r ? L0 . st purposes the limiting cases 

fonn the basis of design. X fault of zero resLtance 

nd operation at fujl load five the greatest generator 
acceleration and therefore . ator 



Unbalanced Faults 

_i,^ e P r ^eding analysis applies directly to three- 
?• f faults - In many cases, however, investiga¬ 
tes A f faults are of interest. The 

method of sy&metrical components shows that from 
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nuncuuce to two comnnsif 

they do 6 ^Volf 47 wiU *2 as hi S h OT higher than when 

stebiht v TWfn re? f I f>, t0rS ° f Course ^ease the 
•.ml 1 x f u ere fore if the curves are used direotlv 

saf^side. COr ^ tion fact . ors > th « error will be on the 

fasfs the J 4 f a PP reclated . however, that in some 
ases the effect of these variations on stability is of 

interest in system planning and operates* and 

proxm iate corrections have been set up to take care 

vlcSw C yf S6S ‘ t Kac J; of these variations has beenin- 
r^ ? a +- ed anaJ yti ca Uy, and in some cases extensive 
w ^ e necess ary to determine their effect 
tvU t l bl11 ^ However, since it was considered most 
? at the colTection factors be easily apphed 
|j be ri:y m accuracy was taken in formulating a 
°i fP pl ^ the corrections. It should be 

tnt^ d u h Z^ Te ^ ^correction factors now 
to be described differ somewhat from the theoreticallv 

S^ordlr of%f, — 7arearran S ed approximatelyi£ 
tne order cf their importance. Correction factors 

appM&st ° iIpa ' 44 US6d Sh0uld of course be 

Resistance 

Resistances of the ordinary range have a mir mr 
effect on stability, with the exception of resistance in 
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the fault circuit; that is, those branches carrying- the 
• gr eatest . proportion of fault current. Due* to the 
. lax & currents in the fault circuit, a relatively small 
amount of resistance will result in a considerable 
power* loss. This power loss compensates in a large 
measure the drop in load on the faulted generator due 
to drop W. voltage, so that the tendency to pull out of 
step is minimized. ‘Both Figs. 1 and 2 are plotted for 
faults at the generator terminals. Application of the 
location factor from Fig. 3 converts a fault at any 
*. ° theT . lc, cation to its equivalent fault at the generator 
ermmals. For each point in Fig. 1 there is a corre¬ 
sponding point in Fig. 2, from which may be found 
the amount of power required to be dropped by the 
faulted generator for the equivalent fault at its* 
termmals. -If the amount of power dropped is re- 
duced by* the presence of resistance in the lines or 

** i?i e e ^ ct would be nearl 7 same regardless 
of fault location. Hence the result may be found by 

reducing the equivalent amount of power dropped by 
the amount of, the resistance losses taken by the 
aulted generator, and reading the corrected value of 

mult duration from the proper reactance curve of 

Fig. 2. 

rn_the example previoiMly considered for a fault at 

n 7to= ,- 5 ' 3 . 42 ’ a bearing time of- 

0.39 sec. is indicated by Fig. 1. The same clearing 

- be “dicated by Fig. 2, hence, for X £ 

w , a S d l f “ °; 39 i. lt j s found that 100 per cent power 
^ be r dl i 0pped by the generator during 
the fault if the fault were at its terminals. The 

nww.Mi have been. drawn by plotting this’power as 
‘ he generator kw. rating, which is 85 per 
C j Ibe kva. rating. Now suppose generator A 
and- its transformer haye a total resistance of 1 5 

“ their 2 ti "&j'} th 3 7 times fall load fault 
current flowing, the I FT loss in the generator and 
transformer is 3.7 2 X 1.5 per cent or 20.5 per cent 

hl t ?!«f” er o a , f0r kva ' rati ??’ or 20 5 cent divided 
. . 7 24 P er cen t °1 I* 3 kw. rating. Then in¬ 

stead of the 100 per cent load dropped if tke generator 
and riansformer had zero resistance, the equivalent 
toad dropped is 100 per cent minus 24 per cent or 
J.® Pf r c f at _ The pennissible fault duration, con- 

PteTwr of resista nce, is then found from 
mg. f for A = 42 per -cent, and power = 76 per cent 

an ? nichcates a permissible fault duration of 0.6 sec* 

e * am ? le ^Y en above > the resistance in only 

coLfdere3 atOI Tn ranCh ° f ^ circuit was 

te^iw' i he pow< £ loss was then easily de- 
tenmned, and was all supplied by the faulted 

generator. If the fault is located at some W on 

***** is a number of paths in 
multiple for the flow of fault current, the power loss 
may be determined by adding the I 2 R loss in the 
various branches between the fault and ttfgwem! 
or. The currents in the branches may be obtained 

rfT.T“ C f f c . urrent ia corresponding branches 
of the d-c. calculating board.. They may then hf 

squared and multipUed by the per c<mt rejistence of 
the branches, and added'to oWw«i stanc f ot 
duetothefaiilC g the total power loss 

If resistance in the fault itself is to be considered 

^ “ Ust be 

erween the faulted generator and the remdning 


* 

generators. An approximate method- of doing this 
IS to multiply the total loss in the fault by tlmratio 
r K , and add this value to the loss in the generator 
branch of the fault circuit, if this is considered. As 
an example, for a. fault at M assume 2 / 2 per cent 
resistance in the arc of the fault, in addition to th£ 
resistance of the generator and transformer. With 
10.4 times nomal current, 10.4 2 X 0.5 or 54 per cent 
of generator kva. .in power is created in the arc. 
This is equivalent to 54 percent divided by 0.85 or 
b3.5 percent of generator kw. rating. Multiplying 
byrre, 63.5 per cent X 0.357 = 22.5 per cent power 
•in the fault, taken by the faulted generator. The 
P °"f_ dr n °PP ed is Per cent for / - 42 per cent, 
and t - 0.39 sec. When 24 per cent due to genera¬ 
tor and transformer resistance and 22.5 per cent due 

*°J a “ W r “ lstam ; e are subtracted, 53.5 per cent re- 
mams as the equivalent power dropped. This value 

mifdwf , °? ped . 1S Seen from Fi g- 2 to give a per- 
missible clearing tune m excess of 2 sec. 

Initial Generator Toad 

r 

f. 

For values of initial generator load other than 100 

kll0Watt ratin & first fi nd the value of 
kilowatts dropped, corresponding to X and t for 

f l0 % d \i ¥ ulti P^ this b y the ratio of 
imtia.1 load to full load, and read the corrected 

cleanng tune from Fig 2, for the curve corresponding 

^ Z 'inr? Xample: 7”**- X “ 42 Per cent, t = 0.39 

had hi° P <^ CCnt kW ' dro PP ed »if the initial load 
had been 75 per cent mstead of 100 per cent, the 

approximate fault duration may be read as * =** 0 61 

centr'd' V° PP lo 100 PCr CCnt X °- 75 = 75 per 

cent and X — 42 per cent. 

Voltage Regulators 

Hr,y°rSL regUl v 1 t0r - S W ^ th a m °dcrate rate of excita- 
rion response will give a certain amount of improve- 

?™L U1 , sta i dlt y over the values given by Figs. X, 

, rhe precise amount is difficult to deter- 
mtpe, but from calculations made, assuming a rate of 

cS2a^r S fihi aent t0 m “, ntain constant flux in the 
gmerator field, a reasonable idea of possible improve- 

ment may be obtained. The results of these cal- 
, ^ ben compared with the standard curves 
the regulators show that over most of 

the improvement can be approximated by 

Se ^ S of Fig Va l Ue by 0 85 bef ° ra entering 
Different Types of Systems 
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ctarves of Figs. 1, 2, and 3 theoretically are 
S J Ste ? ls connect ed essentially in 
tn ty P lfied b y the synchronized at the load 

method °f comiection. This is because the simpli¬ 
fied systems which were analyzed in obtaining these 
curves were nf the star fori. However analyS 
E®-.2f de '^ °f the ring connection, which repre- 
sents the maximum possible deviation from the star 
5?^ ectlon> and the results of these analyses did not 
^ re ‘^y f r °m those of the corresponding 
star systems^ Hence, although certaih ff variatlons wiU 

f Electrical ENGiNEEid^rG 


“ 5 )eda J ca f es * w> correction’ factor to take 
account of system connectifin is required for most 

• 

General Comment^ 

exMcteT^u 0 , bta “ e i fr0m 01636 curves ' 35 >5 to be 
rS,u! d Kf U ? a 7 6 016 same order of accuracy as 

system nrim? th by “ Sp< ?? fic of the actual 

system using the assumptions conventionally made 

to simplify the work. ‘Further, experience and test 

bflkv $ t,? Wn aCtl f al systems have greater sta- 
i. th t 1131131 calculations indicate. This 
fact should be borne m mind when using the curves 
for relay settings or system design, and inge™ • 


no additional margins of safety'need be allowed. 

in rijn f re a*f St v ?, ue these curves probably lies 
* ? 6 f3C i h ‘ y w *th which they allow comparative 

g dam P m & ls not available at present 
to determine the margins with precision even as a 

+ °L tiie most careful an d involved calculations*’ 
so that the curves presented here mav be used* in all 
cases whdre they apply until further clata have been 

obtained on hitherto unevaluated factors. * 


Engineering 
Lights the Odrkness 


• 

Shall mind or matter be fostered ? In either 
case, engineering is lighting the path and 
will continue to light the way of the coming 
generation. This is the ninth article of 
the Engineering Foundation's symposium 
Has Man Benefited by Engineering Prog- 

■'“■■■V * * 
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By 

A. P. GREENSFELDER 


President, Associated Genl. 
Contractors of America 
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t , ARK NESS is of two kinds: phvsi- 

cal the absence of light, and mental the absence of 
knowledge. Engineering multiplies the means for 
the earlier relief of both varieties. To create these 
means is one of the functions of the engineer. 

aight . ird ? da y at first seemed sacrilegious. 
Other stepson scientific and engineering progress have 

d ° r scandalized man y persons in the years 
that have gone, but they have come to be accepted 
matters of course. With tile discovery of fire came 
the consciousness that human eyes could see in the 
firelight as well as in the moonlight. The history of 
illumination is truly romantic, the firebrand, the 
torch, animal op, the candle, mineral oil lamps • 
gas, and successive steps in electrical illumination 
inarking the accelerating steps in better lighting. 
Now, television causes no more violent agitation than 
a few ripples* of public interest. 
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How has man utilized the lengthened day? First 

^*9^ th + t fears ^ting in the darkness^- nextf to 
hght his path of travel; and then to permit recording 
• and reading current historical events and accentua- 

later ’ to foster amusement 
after the hard day s hunting, tilling of the soil or the 

f ba ? es '^ d Anally, to extend tte'opport 
“ f ° r educatlon » commerce, and social inter- 

tUUTSC. « 

The discoveiy of window glass changed the desien 
of structures for man’s habitation. Sunlight, b? 
penetrating interiors, dispelled dampness and disease^ 
The modem lighthouse and the city’s show windows 
f|‘5 1 Z° nderful combinations of glass and artificial 
add f tf . one promotes safety at sea, and the other 
^ *?. lhe attractiveness of marts of trade. Speed 
. trans P° 1 rtati . on depends absolutely upon the 
engineering application of light; locomotive, vessel 
an^obik^^, signal systems, and the 
necSsit4 ° f h ‘ ghwayS and “Poets are all vital 

Modern buildings now go to two extremes, walls of 
jfe 3 ? an f wuldowless walls. Conservation of day- 
“g* and complete control of illumination bv -v-i* 
diffusion of electric light both have their placed The 

W o? te ways ”. of our citi cs are just signs of our 
tunes. Steam turbine power stations, hydroelectric 
plants, interconnected transmission lines, all bespeak 
engineering achievements. • 

INTELLIGENCE 

vitdtn^Sfrh °/ met \ ta { dar kness is even more 
vital to life, liberty, and the pursuit of happiness” 

nf- Wri th - e af?* ° f P h y sical darkness. The use 
Wr, rr +^ ni ? ht 0l1 , ha ? P rodu ced world leaders. Rub- 
lamp of fabled genii produced small 
wonders compared to the modern miracles of 

niall». . 

wa f ? Sha11 we foster mind or matter ? 
ShaH we add_to the mounting volumes of books or of 
btiddmgs? How should they be correlated? 

We talk today of over-production. We lament 
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over-expansion of facilities fojr the production of 
. goods. Then why not more homes and schools and 
hospitals, and better highways to make them accessi¬ 
ble, bridges to span the gaps of time as well as space, 
the sowing of ideas as well as seeds? # 

Production is threefold: articles to be CQnsumed, 
wealth in private structures, and community facili¬ 
ties. Engineering minds constantly are eliminating 
wastes of production. By steadily improving rail¬ 
roads, highways, and other means for carrying goods, 

. they have brought costs of transportation to amaz- 
‘ingly low figures compared with those of pre-railroad 
days! Now vyitlj even greater concentration, engi¬ 
neers should devote energy to reducing wa&tes of dis¬ 
tribution. Engineering methods, properly utilized* 
• 

• • • 


by business nien, should be helpful in reducing the 
costs of merchandising'just as they have been helpful 
in cutting costs of producing goods, poWer, and light. 
* Engineers will be found ready to cooperate in solving 
the problems of rnerchandising. c *• 

Engineering analysis is forecasting the future-' * 
lighting the paths which our children will follow. 
Engineering talent must and will aid in directing the 
tendencies of the time. Perhaps qiore schools and 
fewer £moke ? stacks, more fine community edifices 
and fewer factories, more leisure and more light, are 
the present needs of our people. 

Editor’s Note: Pursuant to the Invitation of The Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining 
to this or the other articles published in this series. 


Electrochemistry and 
Electrical Engineering 
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Electrochemical and electrometallurgical 
industries in the United States are said to 
consume a considerable percentage of the 
total annual electric power output for the 
• entire country. The fundamental electro¬ 
chemical processes are discussed in a gen¬ 
eral way. with typical examples given for 
each general case. 
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-IMPORTANCE of electrochemistry 
and electrometallurgy in the broad field of electrical 
engineering can be realized best when it is considered 
that (1) these processes furnish basic materials for 
manufacturing processes; (2) installed operating ca¬ 
pacity of these industries is large and increasing 
yearly; (3) a vast army of workers is employed in 
thesemdustneswhich produce outputs valued at sev¬ 
eral billions of dollars ; and (4) electrochemistry and 
electrometallurgy present a promising field for future 

offte Tl EE 2 UOt “S from th f 1930 “nual report 
electromet^urgy° mmittee °“ and 



efficiency of electrical apparatus per se, and that the great body of ex¬ 
pectant young electrical engineers must look for adequate opportuni¬ 
ties for advancement more to the fields of utilization and' electrical 
processes than to the conventional ones (fields) of apparatus and gen¬ 
eration.” 

0 

. Bfefore proceeding further with the discussion, defi¬ 
nition of the term electrochemistry together with 
some indication of its breadth may be in order. 
Electrochemistry in a general way may be defined 
as that branch of science and technology which deals 
with reciprocal transformations of chemical and elec¬ 
trical energy. Closely related to electrochemistry is 
electrothermics, dealing with chemical effects, pro¬ 
duced by heat from applied electrical energy. 
Closely related also is electrometallurgy which deals 
with the application of electrochemistry or electro- 
thermics to the extraction or treatment of metals. 

The quantitative relationship between the amount 
ot electricity passing through an electrolytic cell and 
me chemical effects which are produced is expressed 
m iooo ys * aws °* Petrochemical action. The 
by^araday afkS 1116 Centenary ' of this & reat discovery 

Electrochemical processes differ from many other 
appheations of electric power in that a power supply 
of rather low voltage per unit is required, but at the 

cSStrif 16 T? ne Whk £ I s c t a P abl e of delivering large 
uirents^ Because of the large currents required one 

tL^n PnnC i lpa P roblems Solved is that of limiting 
the power loss between the power supply and the 

K 0 l 0f for^ 0n b The ! p " ovision 

presents an- 

Srf*. Problem with which the engineer engaged in 

So £??£ ? 0n , fronted: this of c °urse is. complicated 
S?, by tbe current and low voltages employed 
Stdl another problem arises in the provision ofsult- 
able insulation in apparatus for use in wet processes 
espeaally those involving acids, caustic soffit 

UsB op Electricity foe Depositing Metals 

S process metals or compounds are deposited‘from 
* Ei^ctricai, Engineering 
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insoluble S * 0ther 

is Slff? t ? e ‘ m . ore . rece ^ t developments of this’nature 
is the electrowinning of zinc. Principal advantages. 
of this method of producing zinc are (1) the higher 
K y p of metal Produced (about 99.99 per cent pme), 
fsLf m ° re ? mpIete faction of the ore, (3) the 

eHJr^ gra i de ^ nCentrates are usable > an d (4) ma¬ 
terials often lost m other processes are recovered 

fro^ r f^ m ?Q end USed *? a flotation concentrate of 
from 19 to 58 per cent sine. This is subjected to a 
roasting process to eliminate the combined sulphur 
dioxide; the resulting calcined product then is leached 
with sulphuric acid, the solution purified, filtered and * 
finally electrolyzed by passing a diect current 
through it. Principal by-products of this process are 
sulphuric acid and metallic cadmium. Other bv* 
promote which at the present timl are lacSng^a 
market are germanium, thalium, indium, and gal- 

l4 f application to the production of zinc 
the electrowmmng process is applied also to the Dro- 

exTenUea d 0 tin er “t! S ' and toXs 

extent lead, tin, nickel, cadmium, and iron. 

EDECTROREFINING OF METALS * 

Another deposition process which is of great im¬ 
portance is the electrorefining of metals. This enn- 
aists essentially of the cathodic deposition of pure 
metal from the anodic solution of crude metal. The 
most important commercial process of this type is the 
electror^mng of copper, the estimated aggr^ate aL 

55 t}sCSZ I";", 1 '" ,J ”“ s ““ 


into a^d^° PPer obtaiae ^ the smelter Is first meltedW cast 

lyte; current passedUir^?tht deSolyte den P6 > S +i, ph 3 te dectro “ < 
on the cathode. 8 electrolyte deposits the {tore cqpper 

3 . Cathode copper is melted and cast into commercial shapes. 

vari^froLlsto 7 ?^ “ ** P *> cess < step ^ 2 ) 

surface The am ?f l es per s <h ft of cathode 

* he efiiciency of the prdeess is about 95 per 


Courtesy of Hanson, Van Winlde. Miming Co. 

Fig. 2 fc Typical motor-generator set used for electro- * 
plating. Generator is rated at 10-volts, 25,000 am¬ 
peres. Note commutator and multiplicity of brushes 


* Courtesy of Westinghouse E. & M, Co. 

Fig. 1. A pair of d-c. generators driven through a 
10/1 reduction gear by a 3,600-r.p.m. steam turbiije. 
Each generator is rated at 11,200 amperes, 140 volts 


cent, according to Faraday^s law. Power supply for 
this refinery is obtained from turbine-driven genera- 

£2 0 h £"“ l * f tot ^ ° Utp ^ of 12 > 500 at 2,300 
volts, 60 cycles. Power is transmitted to the tanlr 

house at this voltage where it is converted to low 
voltage direct current by motor-generator sets. The 
passed tlirou gk each tank is approximately 
tank ampereS) at a d_c - potential of 0.25 volt per 

Copper refined by the electrolytic process is char¬ 
acterized by its high purity, 99.98 per cent.- Other 
metals refined electrolytically include antimony, bis- 
mi r?i lron > lead, nickel, silver, and tin. • 

Electrolytic refining of metals is a purification 
process which may be justified even though the per 
cent gain in purity may appear relatively small. 

I ne anode of crude metal may be more than 99 per 
cent pure but the elimination of a fractional per cent 
of impurities makes significant changes in physical 
and chemical properties. In typical cases, the re- 
hned metal is softer, has a higher electrical con¬ 
ductivity, is more resistant to some kinds of corrosion 


To produce the exceedingly pure grade of copper re¬ 
quired for electrical purposes and at the same time 
to recover the silver and gold, the smelter product is 
refined^ by electrochemical methods. In a typical 
large plant the operation is carried out as follows: 
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ELECTROPLATING AND BlECTROFO r MTTC f n, 

Electroplating is another electrodeposition process 
oi considerable importance. In general, electroplat¬ 
ing may be said to be the electrodeposition of an ad- 
Herent coating upon an electrode for the purpose of 
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Electric insulation*. 


m 

Thermal insulation^ 


Carbon lining*.. \ 



From ‘“Tfae*A]uminn'm Industry,” McGraw-Hill Boot Co. 

Fig. 3* Cross-section of* electrolytic 
cell for separating aluminum from its* 
ore (bauxite) by the Hall process 



Courtesy of W. E. Moors & Co. 

Fig. 4. A three-phase electric arc furnace having 
a capacity of three tons per hour 


securing a surface with properties or dimensions dif¬ 
fering from those of the base metal. The specific ob¬ 
ject for which plating is carried out maybe ornamen¬ 
tation, resistance to wear or corrosion, reflecting 
power, increased dimensions, or other factors. 

Of great interest and importance at the present 
time is the process of chromium plating. This was 
accomplished first about 70 years ago, but the past 
few years have witnessed an intensive development. 
Principal properties of chromium which are of inter¬ 
est in,, connection with its use in plating are its ex¬ 
treme hardness, low ductility, resistance to tarnish 
and reflecting power,- which is about 65 per cent (com¬ 
pared to 95 per cent for silver). For best results the 
thickness of a chromium coating is usually between 
0.00002 and 0.00004 in. * thicker coatings tend to 
crack and peel. For best results the chromium 
usually is applied over a preceding metal plating, 
preferably either popper or nickel. 

The bath used in chromium plating is chromic acid 


with the addition of chromium sulphate or carbonate. 
For the anodes, lead or iron are r used; bath tempera¬ 
ture ranges from 40 tor 60 deg. cent. In this connec- 
•tion it may be mentioned that the “throwing" power 
of chromium is relatively poor. „ By this is m ean t 
that the ‘ability of the metal to distribute itself evenly 
over an uneven cathode surface is less than that ©f 
many other metals. 

In regard to the power requirements for chromium 
platingf a bath voltage of from 6 to 12 volts is needed 
(a rather high figure for plating). The current den¬ 
sity required is from 100 to 300 amperes per sq. ft. of 
.cathode surface. The resultant “electrolytic" ef¬ 
ficiency is rather low which together with the valence 
of 6 at which chromium is deposited makes the cost of 
current for chromium plating rather high, in fact it is 
about fifteen tirpes that for an equivalent amount of 
nickel plating, but less chromium generally'is used. 

Other electroplating processes, some of which are 
more or less well known, are cad mium , copper, gold, 
lead, nickel, silver, tin, zinc, some alloys, and even 
rubber. Recently some success has been attained in 
electroplating aluminum. Rubber, unlike themetals, 
is deposited at the anode and not the cathode. 

Electroformmg is still another type of eleetro- 
. deposition; this process is used for the production or 
reproduction of articles. Included in this class of 
processes are electrotyping; reproduction of engrav¬ 
ings, medals, and phonograph matrices; and the mak¬ 
ing of seamless tubes. The process provides an ex¬ 
tremely accurate method of reproducing a metallic 
surface, and it is said that lines 0.00002 in. wide can 
be reproduced faithfully. Metals commonly used in 
these operations are copper, nickel, and chromium. 

Electrolysis oe Fused Electrolytes 

Electrolysis of fused electrolytes is a process em¬ 
ployed for the electroseparation of certain metals 
from ores or compounds in the fused state. One of 
the most common metals separated from its ore in 
this manner is aluminum. Although aluminum is 
the most widely distributed of the metals in nature, 
its commercial use has become possible only in recent 
years, largely as a result of the electrochemical process 
introduced by Hall. This process consists of simply 
passing a direct current through a molten bath of 
cryolite (Na^AlFe) containing dissolved al uminum 
oxide (A1 2 0s). 

The electrolyzing of the molten bath is carried 
out in specially designed cells sometimes called elec¬ 
trolytic furnaces or “pots." (See Fig. 3.) “For 
anodes carbon blocks are used, these being mounted in 
the .tops of the cells. Alu minu m in liquid form is 
separated by the action of the current passing 
through the molten bath, and is deposited in the bot¬ 
tom. of the cell on the carbon lining which serves as 
the cathode. The anodes waste away gradually with 
the formation of carbon monoxide; the fused alumi¬ 
num is protected from oxidation, however, by the 
fused cryolite immediately above it. 

In commercial plants usually from 30 to 100 cells 
are connected, in series. The potential required per 
cell is from. 5 to 7 volts, the current requirement being 
from 8,000 to 3Q;000 amperes. From Ijp to 12 kw-hr. 

' : . . r • ' : / ** • . • . . •*;. v. • ' .• *.* * ’ . ; ** 
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produced^ wltt^^resul&i P6r P °V nd of aluminum 
from 75 toOO efficiency of 

. - - ... - 

d^gVu t a thf m aterian “S Elec ™^ Furnaces and Edbctrombtadd^ 

must be ULri . hTtflW “* V* <*“ ••- -* 

in this manner is aftl £ ST”” pr ° duced 

for rrfnffi“ttoes g teusS*^ P °° P * process 

the anode is at the boftnm a i - 0 ’ but 111 t * us case 

g^ETSSfisS^SSS. 

electrSil 

Other ^tottepStS fro™ rf ^ t0 C0 ™ sion ' 
wise treated in thelused 2” ar 1 0res <* otter- 
magnesium, sodium calcium litiy e ectr0 . ysis ‘ 316 
betyllium. Beryllium is a c ! num . and 

num, Is hard and brittle t 6 ? a kghter than alumi- 

but at pre'nt k noSrtd re " to “• 

Edectrodysis or Brine and Hydroxide Solotions. 

caSS^utfflleSctr^c y ^ d A- S0luti0M is 

being passed through th<* /?+- Ce ^ s ; a direct current 

ss r 1 2 as - 

types of cells. tbls manner in certain 


7Mvd^ n ^oltep eS^to 2 -? 
produces 5,500 cu. ft, ofhydrogenperhour ““ 


combuitio^methodfare r^ufc-J'ffidiemanuf'\ by 

a ready application^ In gS^^^ finds 
possesses greater flexibilitv^^i* ele . ctnc Seating* 
obtained hZ g^ ^L °l 1 T bCa ^ a . tbaa hea ‘ 

. means th*at heat orod,feed / ““bustion.- This 
can be develop^ a torf dt fro “ electricity usually 
more rapidly and Seefiw wT* t0 L the P oint °fuse 
with the fmC advantlt J £*? wh< f fuel is used, 
fumes are absent. S tbat sm °k e > “hsHes, and 

plied ™o I1 the e mftSai al , 1Ur | iCaI °Pe rations heat is ap- 
electric furnace nf wi,p,n d fl g0mg tteatment in mi 

The elecCf^ e , W ^nsZir US JP~ 
efficient device ami J - , ls not Terentiy an 

SO that thedfct“enff^w,'r?K e * “crdsed 

In resistance? p P Ued P™f«rly. 
electric current (eiffi“a-c ^d f I CC °“ pUs ? ed b T * 

^SSS^SS** 

££?£astr ^ ft'K 8 — 

passes through a core surrounded^ffica^SioTand 



carbon. The reaction is such that the silicon and car¬ 
bon combine to form carborundum (SiC) and darbon 
jnonoxide. 

Another common type of electric furnace* now in 
us® ttte arc furnace which is used principally in the 
iron and steel and fgrro-alloy industries. Arc fur¬ 
naces may.be subdivided into two general types: (1) 
that in which the art occurs between the electrode 
and substance undergoing treatment; and (2) that in 
which the arc occurs between electrodes. Ferro al- 
ipys represent an important product of this class of 
electric furnace. These include not only alloys* 
which *are suitable for producing steels having certain 
definite properties, but also alloys such as fei*ro silicon 
and ferro manganese which are used for cleansing and 
deoxidizing purposes in the manufacture of such 
steels. * • • 

Another important kind of electric furnace is the 
induction type. These furnaces are used on alternat¬ 
ing current on^y. The first variety of these consists 
essentially* of a .transformer with a single short-cir¬ 
cuited turn as its low.voltage winding, this turn 
formed by the material undergoing treatment. The 
second type is known as the high frequency induction 
furnace, in which eddy currents are induced in the 
charge or crucible. (See Fig. 5.) These eddy cur¬ 
rents produce the heat. Induction furnaces have 
found their # widest application in non-ferrous metal-^ 
iurgy, but* recently some of the high frequency fur¬ 
naces have been used for melting special alloy steels. 
The size of induction furnaces has been increased 
recently and high frequency furnaces having a ca¬ 
pacity of four tons are now in use. 

Batteries '. 


- f- 

obvious. Nevertheless, electrochemical and electro¬ 
metallurgical operations 'have bedh demonstrated to 
be a fruitful field for the'application and utilization of 
electric power. For this reason alone the subject 
should be pf interest to electrical engineers in general, 
and especially to the great body of expectant young * 
engineers. Development of new materials and proc-* 
esses, however, based upon the utilization of this 
# power is a field requiring talent of high order; but at 
the same'time ;t is ofie which should prove extremely 
attractive to men of electrical training who can and 
will superpose upon that training a knowledge of the 
fundamentals of chemistry. 


Heart Injury 
.From Electric Shock 


Experiments and observations show that the 
heart is especially susceptible to injury from 
electric shock. Using experimental animals, 
measurements of heart currents showed that 
about 10 per cent of the total "shock' 1 
current actually flowed through that organ. 


Perhaps the most coinmon Electrochemical ap¬ 
plication to the average electrical engineer is in 
connection with electric batteries. The well-known 
dry cell is a common example of primary battery and 
requires no further introduction. It may be of in¬ 
terest to note, however, that the efforts of research 
and testing have borne fruit in this field, as well as 
in others, and have resulted in the production of cells 
of greatly improved quality. This is brought out 
in Fig. 6. 

Storage cells or accumulators also are familiar to 
the average electrical engineer and in general need 
no further description or explanation. They provide 
a portable source of power, or a dependable reserve 
source of power, and are applicable in cases where 
other power sources are lacking, as in farm-lighting 
plants and in submarines. The weight of storage 
batteries represents their principal limitation. Theo¬ 
retically 12 ampere hr. per lb. per cell might be ob- 
tainable, but the present practical limitation is about 
half^that figure. 

Concession ■ 

Treatment of the subject matter of this article 
necessarily has been generalized in nature. That it 
rwohld be impossible in an article of this length to give 
any. detailed treatment of a subject embracing such 
a wide field of activity as electrochemistry, is quite 
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Studies of the effects of electric 
shock upon rats indicated that the injury in mo st 
cases was confined to that portion of the body which 
was traversed by the current. (A.I.E.E. Je., V. 49, 
Jan. 1930, p. 25-9; AJ.E.E.Trans., v/49, 1930, p. 
3^94 and v 50, 1931, p. 1165-70; Elec. Jl, w 
^6, 1931, p. 472.) Accordingly a series of experi¬ 
ments was instigated to determine the effect upon 
the heart, since this organ is believed to be especially 
susceptible to injury from this source^ As the extent 
of the injury is believed to be proportional to the 
amount of current flowing, experiments were directed 
toward determining the actual current flowing 
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Measuring the Heart Currents. 
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Results of these experiments confirmed earlier find- 

* ings; therefore, only one will be mentioned. In this 

• case ,* a current of 90 milliamperes, entering at the 

right fore-leg and leaving at the lower extremities 
ofr the'animal’s body, was required to set the heart 
in fibrillation. With the current flowing between the 
animal’s two fore-legs, 243 milliamperes were required 
to produce the same' condition. . 

From the results of these experiments it is evident* 
^ that a much greater proportion of total current 
‘flowing through the body will pass through the heart 


r * 

• r r 

r 

when the current pathway 'is ffom either hand to 
either foot than when it" is from hand to hand. The 
finding that more current flows through the heart 
when the current path is from the right side to lower 
extremities than isrthe case whejnthe current enters 
the body at the left side, confirms earlier experi¬ 
mental work with rats. ' 

The authors wish to take this opportunity to 
acknowledge their appreciation to the committee on 
physiology of'the Conference on Electric Shock for 
providing funds for this work. 





A Review of European 
Railway Electrification 


The development/ present status, and future 
plans‘’of railway electrification in western 
Europe w^re studied by the authors during 
the spring of 1931 on an inspection tour of 
the more important systems. General find¬ 
ings and part of the data secured are pre- 
•sented here. 
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"URING the past 30 years in Europe, 
as in America, heavy electric traction has evolved 
from short installations on sections of road difficult 
tp operate with steam to the present heavy traffic 
high speed projects which find justification economi¬ 
cally as well as in the increased use of existing facili¬ 
ties. Although as indicated in Table I the United 
States leads the world in aggregate miles of electrifi- 
~’ 4 ~‘on as it does in total railway mileage, less than 1 
•mt of the mileage in this country is electrified’ 
'ent is the corresponding figure for the 
pean countries. Despite the present 
s, the electrification of 275 route miles 
recently and 1,042 route miles are now 
tion or authorized. 

' e European countries the standard 
ic traction as indicated in Table II 
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has been adopted by governmental action; in many 
of the countries other traction systems also are em¬ 
ployed to a minor degree. There are four major 
traction systems in Europe: the single-phase and 
three-phase a-c. systems, and the 750/1,500-volt and 
3,000-volt d-c. systems. The single-phase a-c. sys¬ 
tems (mostly 16.7-cycle, 15-kv.) and the d-c. systems 
(mostly 1,500-volt) are rapidly expanding; the three- 
phase (16.7-cycle 3,700-volt) system probably will be 
slowly extended in the present region. Countries us¬ 
ing the a-c. and d-c. systems differ in method of power 
generation; the d-c. systems purchase or generate 
power at commercial frequency and are connected 
with the national power’networks, often considered 
of vital importance in selecting a standard traction 
system. The a-c. systems (with the exception of 
Sweden) generate almost all of their power at traction 
frequency with transmission independent of the in¬ 
dustrial network. 



Castel Madama substation on the industrial-fre¬ 
quency line of the Italian State Railways. Note 
the three-phase 10-kv, overhead line r construction 
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Country 


f* 

-~^l!l! LMll !!! e _ ,ncl CqUipm - <i " t of Em "»P”" EJecMfied R«llw»y^End of 1931 

Tn+Ot . snr " TI "'i n-' * 1 — mi mm_^ 

Electrified Mileage r 1 - 

—--* Locomotives 


Total 

Railway 


Operated 
Route#' TraclP 


' Construction 
Route 


Austria. 4 i*a 

France.• -- ,153 

Germany. 

Great Britain. 


Italy. 

Netherlands. 

Spain. 

Sweden...... 

Switzerland.. 

Total. 

United States .. . . . . 


.. 510 

•• 27,587....;...i.oii .. 

• • 38,231. 008 4 

»• • 20,300. 482 

.. 13,560.1,392^ 

•• 2,289.. * 117 •' 

•• 10,138. 410 " 

.. 10,367. 720 

•• 3,365.1,590* 

•127.990.7,208 " 

250,026.2,250 
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Italy, 95. Sweden, 104; Switzerland, 33. DC ' UdlDg apprOX ' 600 nUles of electrified secondary lines in 
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Table II General Mean s of Traction Energy Supply 
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Table III—Contact Wire Heights 
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Italian State Railways 3,000-volt d-c. # high-speed passenger locomotive, group E-326 


Table IV—Data for French Railways 


Sailway 


D.C. 

Voltage 


Electrified 

Mileage 

Route Track 


No. of 
Elec. 
Locomo¬ 
tives 


Electric 
Cars & 

Trailers 


State Railway (Paris).650. 

Paris-Orleans.1,500. 

Midi.1,500. 

Paris-Lyons-Medit’n.1,500. 

Total. . 

* Approximate. 


... 51- 121 . 30. 

... 148- 615".205. 

.. 730*.... 1,300*.246. 

.. 82*.... 194*. 37. 

..1,011 ....2,230 .518. 


half of the passenger locomotives, and regenerative 
braking on the balance. Forty-five 700-hp. multiple- 
unit motor cars handle local trains. 

The Paris-Uyons-Mediterranean (PX.M.) syst em 
is electrifying a section of its line in southeastern 
France on one of the main routes to Italy. This in¬ 
stallation is interesting for its use of a 1,500-volt third 
rail )# an overhead catenary line being used only at sta- 
• tions. Unusually powerful locomotives are used on 
the mountain grades. 


France • 

Four of the six principal railway systems m France 
operate electrically about 3.5 per cent of the country’s 
• total mileage (see Table IV). The 650-volt third rail 
Paris suburban lines of the State railway are operated 
using mu’tiple unit trains^with some freight and pas¬ 
senger traffic handled by electric locomotives. At 
present further extension of the electrification does 
not appear likely. The Paris-Orleans railway oper¬ 
ates electrically south from Paris to Orleans (78 
miles) and Vierzon (127 miles); recently a 72-mile ex¬ 
tension from Orleans to Tours was authorized. The 
1,500-volt d-c. synchronous converter and rectifier 
substations are supplied from the railway’s hydro 
stations which also exchange power with commercial 
power systems. Motive power consists of 10 high¬ 
speed passenger and 195 medium speed freight and 
- passenger locomotives for freight and through pas¬ 
senger service, and 80 multiple-unit car sets. Sub¬ 
urban trains consist of 1, 2, or 3 three-car 990-hp. 
multiple-unit sets with control equipment mounted 
under the car body. 

The most extensive electrification is that of the 
Midi railway, operating in southern France along the 
rugged country of the Pyrenees, with three lines into 
Spain? An extensive network of hydro stations and 
high tension lines interconnected with commercial 
systems supply power to 1,500-volt d-c. synchronous 
converter and rectifier substations. Of novel interest 
is the use of an inclined catenary contact system. 
Ten. high-speed vertical drive locomotives are in 
service for fast international trains and six loco¬ 
motives were ordered recently. There are 100 smaller 
med ium- speed passenger and 130 freight locomotives * 
rheostatic braking is used on all of the freight and 
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Spain 

• 

The Spanish Northern railway has two important 
1,500-volt d-c. electrifications, one in the west be¬ 
tween Inin and Alsasua on the Paris-Madrid route 
and the other in the east between Barcelona and 
Manresa, Ripoll and Puigcerda, using multiple-unit 
cars and powerful passenger and freight locomotives, 
as well as a 3,000-volt d-c. mountain electrification 
on the Pajares grade in the extreme northwestern 
region. These lines are wide gage (66 in.). The 
Vascongados railway between Bilbao and San Sebas¬ 
tian operates an extensive meter gage system at 
1,650-volts direct-current, and in western central 
Spam there is a meter gage 3,000-volt d-c. electrifica- 
a ro . a( ^ handles principally minerals. 

The electrical operation of all the trunk lines was 
reported by a government commission as economically 
justified, but because of the present fina ncial and 
political conditions it will probably be some time be¬ 
fore this extensive program, covering more than 3,500 
route miles, is started. 

* . 

ITALY 

ft 

The lack of coal resources and the abundance of 
water power in Italy early invited the use of electric 
tractipn. After the World War the Italian state rail¬ 
ways, as part of their program to improve rail trans¬ 
portation, extended electrification to many trunk 
hnes and adjacent branches. More than io per 
cent of the route mileage, handling about 20 per cent 
of the total traffic, is now electrically operated. 
The extent of the four electric traction systems is 
indicated in Table V. This diversified electric 
traction experience is of special interest to railway 
electrification engineers/-. o 
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Table V Electrified Sections of Italian State Railways 

Electrically Operated Construction 

Eieetrifl ♦, o Fif8t N °' ° f Mil * age Mileage 

Sj,t,m Y «“ rocos. Rom. Track Ronte Track 

^ , 0 . 

High voltage D.C. (3,000 ”... ’ ""gS’ •“*' gB-. 150.. 

LowvoltageD.C. (050-800 v.J.:.;;i9oI: 28 V; gg;; 

-■^ >tat .. . 888 -.1,248. .2 ,349.. 119. .250* 

1 ^ ClU ^i ns locom °tives under construction * a 7-“ 

Plus 33 motor cars. * Approximate. 


-- ——»«Mbnuvu • « 

Group number. 

Year built. 

Number built_’, 

Max. speed, m.p.h.. 

Weight, tons. 

Hp.—1 hr, rating,., 

No. of motors. 

No. of speeds...... 

Method of drive. 


Table VI Italian State Railway Three-Phase A-C. Locomotives 
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... 1928........... 1923..’.'."." 

... 183. . 40, 

•<« 37........... 02.,'....’ 

. 82.5.. iua.,.. 

.. .2,570...........2,080... .2,080.. 

’"’ 2 .......... ; 2 ... 2... "” 

. 4.- 4 


.E431. 

1924,... 

37.. .. 

62.. .. 
102 ... 


SY—SR Scotch yokfi and side rod drive, m 

Apriiv 1932 


•. 1D1.. 

. .E432. 

.. 1928....... 

• 40....... 

. 04... 

. 102 . 

.2,700. 

2 .. 

4... 




..E570.... 
.. 1923.... 

4.. .. 

. • 37.5.... 
• • 77.... 

..2,270.... 

2 .. .. 
2 .. 


GJS SR Geared jack shaft and side rod drive. 


• 1D1... 
.E472... 
.1923-30. 

. 10 ... 

. 62... 

. 100... 

• 2,660... 

• 2 ... 

4.... 
• GJS—SR 
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Stringing contact wire on Napfes line for Italian 
State Railways, using 40-hp. gasoline-engine tower- 
car and small reel-car 


f 

Recent a-c. and d-c. -locomotives have been care¬ 
fully standardized. The two types of d-c. locomo¬ 
tives and an 80-ton type B + B branch line freight and 
passenger locomotive are expected to provide for all 
future d-c. system requirements. The same motors, 
contactors, resistances, compressors, gear cases, and 
axle bearings will be used for these three types. » 

The privately owned North Milan railway handles 
a heavy suburban traffic to the Lake District, and 75 
trhck miles over 31 miles of route are electrically op¬ 
erated using the 3,000-volt d-c. system. Power is 
purchased and converted by rectifiers. Sixteen 720- 
hp. two-car multiple-unit sets and four electric loco- 
tives *are in service. Siqce electrification, local ser¬ 
vice has been doubled and the r unnin g time reduced 
35 per cent. Twin contact wires are supported by 
flexible strand hangers from a copper mess eng er 

Switzerland 

Switzerland is a country of particular interest be¬ 
cause of the early development and present intensive 
application of electric traction. All the through 
routes and most of the important local lines have been 


converted, leaving onl^ secondary lines on which 
electrification is progressing at the rate of about 60 
route miles per year. 

Railway operation is beset by many difficulties; 
there are steep grades, many tunnels, and much single 
track mountain line. Coal must be imported and' 
an assured and cheap supply is often difficult to ob¬ 
tain. In almost all sections of the country, how¬ 
ever, water power is available in abundance. Elec¬ 
trification, therefore, has been undertaken for eco¬ 
nomic reasons, for the increased facility in handling 
heavy through international freight and passenger 
traffic, and also for national security and the further 
. utilization of natural resources. There are two im¬ 
portant standard gage electrified systems—the Fed¬ 
eral railways and the Bernese Alps railway; also 
many electrified narrow gage adhesion and rack lines. 

A special commission reported in 1914 that the 
electrification of certain Federal system routes was 
desirable economically and the single-phase 16.7- 
cycle 15-kv. a-c. traction system was recommended, 
with single-phase traction-frequency generation and 
transmission by railway owned generating statio ns 
and high voltage transmission lines. Plans were be¬ 
ing uiade for the conversion of the St. Gothard line 
•when the World War intervened. In 1923, because 
of the unemployment situation and coal difficulties, 
an accelerated program was adopted with approxi¬ 
mately a 20 per cent subvention by the government, 
and phenomenal progress was made during the five 
years following. 


Table VII Italian State Railway D-C. Locomotives 



. 3000 Volt 

650 V. 


F 3b P 

Pass. 

F&P 

Axle classification.... 

..B + B + B... 

.2C2. 

. 1 Cl 

Group number. 

.. ..E 626...:... 

..... E326. 

E321 

Year built. 

. . ..1926-31. 

...... 1931. 

1923 

Number built. 

. 91. 


17 

Max. speed, m.p.h.... 

. 56....... 


62 

Weight, tons.. 

. 98....... 

..... 119....... 

76 

Hp.—1 hr. rating. 

...2,400....... 

r .. ,2,400. 

1,840 

No. of motors. 

. 6. 

ft 

9 

* No. of speeds. 

. 9. 



Method of drive. 

.. .Flexible Gear. 

.. .Flexible Gear.. 

SY-SR 


(SY-SR) Scotch yoke and side rod drive. 


J ’ '•ilroad type B 0 -B 0 , 1,400- 
1,500-volt d-c. elec- 
locomotive. Similar 
with different gear 
edI for much of the 
drvice 
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Axle classification. 

Ry> designation... 

Year built. 

Number built..!.. ’ ’ ’'' 

^Max. speed, m.p.h.. 

Weight, tons. ? .. . “ " 

Hp.—1 hr. rating... 

Trac. ef.-l hr. lbs...... V 

Number of motors. 

Drive. " _ - 

. . . • • Geared... 

* Including 33 locomotives under construction 


• 2D1. 

. Ae 4/7... 
.1926-31.. 
125*.. 
62... 
130. r. 
2,800.... 
25,800..., 


• .2C1. 

• Ae 3/6 5... 

.1928. 

• 114. 

56. 

• 105. c..., 

• 2,100 . 

.19,400. 

3. 

. Geared.. 


.. 2C1. 

Ae 3/6 II 
1922-26.. 

60... 

56. 

10 £ .... 

2,000. 

18,300_ 

2 . 

•GJS-S&. 


'Cl. 


. Ae 3/5.Be 4/7 I 

.iooi os rvl ' 1 1 


1B1..., 


...13''+ Bl. 
• • .Be 4/6 I.. 
... 1919-23.. 

40.. .. 

47.. .. 

. 121 .... 

. 2,040.. 

.23,400... 

. 4.... 

..... .GJS—S R.. 

GJS—SR Geared jackshaft and side rod drive'. 


.1921-25 
26.... 

56.. .. 

90.. .. 
•• 1,800.... 

•17,000.... 

3_ 

• •. Geared.... 


1921 

6 .. 
47... 
122 ... 
2,400... 
24,350... 
4. 

Geared 


..1C + Cl 

• -,Ce 6/8 I 
. .1920-22 

33 
40 
141 
■ 2,240 
.36,800 
4 

• GJS—SR 
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?!f nafy ,me and structures on Swiss Federal 
Railways, showing bracket pull-off pole, 16-kv 
insulation and wire screen highway protection" 

years the individual axle drive has been nreferre'df 1 * 
high speed passenger service, 60 per cent of^lfthe 

, this the ride rodlnVe 

motiTO^i^e Ijse^extensiveljrin'frSght and loe 11 ! *° C °" 

-iger services by the use 7 the'®££^££ 
ler. Two new locomotives of ahnut 7 onn t, 
cently were completed. AU transfo^er tap cLng-' 

thf 'L? 116 ° n th f volta ge side to avoid handling 
the large secondary currents with contactors A? 

onlvT^ 0 ^ l0 . C T°, tives ' re ^ration is providti 
, j ? extent of the locomotive weight anH in 

*f ded { Z T t0 kcrease tht sp^fwhen OPS-’ 

atl ;?ji> kg* 1 * down mountain grades P 

I he other major electrified system comprises lfu 
route miles operated by the Bernese Xs rllVav 
which is owned by the Canton of,Bem. P This line 
was the first to use the present Swiss standard trap 
tion system, installing it for trial fa ^ 

Austria 

Elefaric traction was installed on the mountain 
lines of western Austria for seasons similar to th™. of 

• V ■ ■ 

Apriu 1932 


Paralleling inter- 

with a reduction fa “.° thef countries 

traffic from the AuririSTlfa™ 6 Th^ W ° Ul ? d " ert 
system (single-phase 7 fi 7 ™tT ? me faction 

neighboring G ennanv ** ^ed in 

and, as in these courLi^most^lh^ 6 ' WaS ado P ted ’ 
ated and transmitted ^ Son k § &er ' 

owned hydroelectric nlan+c t !? D , form railway- 

The locomotives are Sfa rod .? /‘“ssion lfa4 

• and individual axIe dH™ ,, -^ dnve _, wlth jackshaft 
bevel-geared%*? SSS? “ d 

« 

Germany • 

extensive use of electric tran+inn : r\ 
began after the World War rtf 9 ermany 

SSASTSS 

SS iSSS*' 6 ' kv '■ t—■« a, mi. *£ 

In the Bavarian district through freio-ht anj „ 
senger trains and heavy submban trfffl d f paS ' 

SSS£3Ss£s£ 

assigned to this sStion Sosfo? theT • S* “* 
aome of the passenger locomoriv^ Sd 

dnve type with geared iackshafr- S j rod 

senger locomotives are type 2 D1 or Tni" S * P ^ d -? as " 
axle drive. Mu1rin1p-,i^ P ! A ? r 1D1 ^dividual 

transformer and the oil circuit brefacer are 
compartment. The a s P eclal 

have •'dead^tn^^.^op^n^ 

The mountain road electrification between Br«lau 









New St. Gothard line 7,200-hp.-1 B 0 1 B 0 1 + 1B P 1 B 0 1 locomotive for Swiss Federal Railways, prior to 
. installing electrical equipment 


and Gorlitz ^ in the Silesian district includes about 
217 rqjit^ miles and 507 track miles. Power is 
generated by the railway at'traction frequency, 
utilizing a very low grade of coal. The Central dis¬ 
tinct (Xeipzig-Halle-M agdeburg) has a heavy traffic 
which is .handled at high speeds over fairly level 
country, Using locomotives and motor cars on about 
118 electrified route miles and 409 track miles. 
Power is generated in traction form, using a peat that 
cannot be burned in locomotive boilers. 

The Berlin suburban lines were electrified in 1924 
to furnish a rapid transit service on 145 miles of route 
(365 miles of track) using multiple-unit car equip- 
•ment. Purchased power is converted by syrP- 
chronous converters and rectifiers; the rectifier in¬ 
stallation is thG largest in the world for a single sys¬ 
tem. Contrary to common practise the apode and 
rectifier tank are at ground potential and the third 
rail is negative. 1 

A meter gage, 12-mile 1,650-volt, d-c. railway, the 
Zugs'pitze, was recently- completed to the highest 
mountain peak in Germany, using an adhesion, rack 
and aerial line. Glass-tube rectifiers convert three- 
phase 50-cycle power for traction purposes. 

German locomotive design and construction also 
are standardized. Air blast transformers are used 
and now the electrical manufacturers are perfecting 
an air blast circuit breaker so that no oil will be re¬ 
quired on the locomotive or motor car. 

Sweden 

e 

Sweden is rich in water power resources, but en¬ 
tirely lacking in coal deposits, hence careful con¬ 
sideration has been given to the advantages of elec¬ 
tric traction. The State railway system, operating 
most of the trunk lines and about 40 per cent of the 
total mileage, now has more than 14 per cent of the 


operated. A very extensive program of dectrifica- 
tion extension is under way and scheduled for com¬ 
pletion in 1934. 

One of the first electric installations (1912- 
1922) is the Northern Ore line. This 287-mile 
line, which goes 170 miles north of the Arctic Circle 
’s therefore the most northerly electrified rail- 
in the world; handles heavy ore traffic from 
“ines at Gellivare and Kiruna east to Xulea 
* e Gulf of Bothnia and west to Narvik in Norway 
he Atlantic Ocean. The 15-cycle 15-kv* single- 
e a-c. traction system, with high voltage single? 


Four-car multiple unit suburban train at Munich. 

There is one motor car with three trailers 

phase transmission to track-side substations from a 
central mixed-frequency hydroelectric plant, was 
adopted. 

After the war electrical operation was considered 
for the Stockholm to Gothenburg trunk line and the 
government again studied the matter of a traction 
system, concluding that the single-phase 16.7-cycle, 
16-kv. a-c. system would be satisfactory. Careful 
study of the location of a negative return wire on the 
catenary structure and the use of booster trans¬ 
formers for minimum communication circuit inter¬ 
ference satisfied the government communications 
board, which cabled their circuits or removed tbpm 
from the railroad right-of-way. Traction power was 
obtained from the existing commercial power stations 
an< i transmission networks by installing frequency- 
converter substations about 58 miles apart without 
paralleling traction-frequency feeder or transmission 
lines. • 

A geared jackshaft side rod drive type 1C1 loco¬ 
motive, identical for both freight and passenger ser¬ 
vices except in gear ratio, was adopted as standard. 
These locomotives handle a 550-ton passenger train 
or 990-ton freight train over the profile of 1 per cent 
maximum gradients. Sweden is now the only im¬ 
portant country that has not at least partially 
adopted the individual axle drive, and is the only 
country extensively using a wooden locomotive 
cab. 

In 1931 electrification of the 392-mile trunk line 
south from Stockholm to the ferry terminals at 
Malmo and Tralleborg, and three branches totaling 
177 miles which connect this line with the Gothen¬ 
burg electrification, was authorized at an estimated 
gross cost of about $17,000,000. Complete elec¬ 
trical operation is to be started in'” 1934. Com- 
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Mies wiU supply power to the contit&e As the 
ranch hues do nol require additional substations 

for thfaeTec^tio^ • 6 D0W U ” der ““^tion 
ficabon of the government system’s^ route 

«5 s£££cS 335 ?t 

taffic 3 dleSel ' eleCtMC carson branch lines of %ht 


SSrSL-JSf ? rese 2 t jested’trackage through 

*SS 

was Sgg* ^ ^^ortoOO^ ' 

car,r- 

,ing range of 370 miles, thereby enabline^the erat " 
round trip to be made without refueling^ * • ngCSt 

The Netherlands * • « 


Denmark '• * 

s»tSg3SSSs££ 

ft 


X / X 
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t0 Uitgeest and Alfanaar, and 
• . sen . to Uitgeest were converted to electrical otw 

Pnff 1 ’ T addltion to ^ Amsterdam-The Hague" 
lme and branches which have been flee 

t^S Uy + ° P< f ated ® mce !927. Purchased power is* 
used entirely, and converted to 1,500-volts dirprt 
current by automatic rectifier substations which are 

tZe^ S ^ C ° ntr0Ued fr ° m ad J acent interiockSg 

towers. Ihe one motor-generator 

Str^- ° n ^ earlier installation multi- 
substations were spaced 6.9 to 10.2 miles apart 

mJnuisSlf^ 6 sect . ionalizi ng tie stations. -The 

spaced about A^rnil, consist + s . of single-unit substations 
,P , . ou t ^ brutes apart. The contact system is nf 

e twin contact wire type, and is unique for the sus- 

pensmn of both contact wires from the same hanger 

eightdifferentrfin hjf moden ? 1 t 7P eis used, and 
n£!L a i 760 ' hp ' motor or trailer cars of various 
passenger classes are combined as desired to make up 

trains of from 2 to 10 cars. The latest molars 

have roller-axle and motor armature bearings As 
the railway faces severe competition from motor buses 

d^tnTiZ t 2/ 5c p t SSenger lines > 85 from Amster¬ 
dam to Utrecht, probably will be electrified. The 


(Above) New Swedish type Ub 
switching locomotive equipped 
with four control positions in a 
high center cab 


(Right) Unique type of motor- 
generator freight locomotive con¬ 
structed in 1 930 for Austrian State 
Railways. It operates on a single¬ 
phase 16 2 /3-cycle 15-kv. contact 
line and is equipped for full train 
weight regeneration <• 

April 1932 







New St. Gothard line 7,200-hp.-1 B 0 1 B 0 1 + 1B P 1B 0 1 locomotive for Swiss Federal Railways, prior to 
. ' installing electrical equipment 




and Gorlitz ^ in the Silesian district includes about 
217 rqpt$ miles and 507 track miles. Power is 
generated by the railway at*traction frequency, 
utilizing a very low grade of coal. The Central dis¬ 
trict (Teipzig-Halle-Magdeburg) has a heavy traffic 
which is .handled at high speeds over fairly level 
country, fising locomotives and motor cars on about 
118 electrified route miles and 409 track miles. 
Power is generated in traction form, using a peat that 
ca nn ot be burned in locomotive boilers. 

The Berlin suburban lines were electrified in 1924 
to furnish a rapid transit service on 145 miles of route 
(365 miles of track) using multiple-unit car equip- 
•ment. Purchased power is converted by syrf- 

. chronous converters and rectifiers; the rectifier in¬ 
stallation is the largest in the world for a single sys¬ 
tem. Contrary to common practise the apode and 
rectifier tank are at ground potential and the third 
rail is negative. 

A meter gage, 12-mile 1,650-volt, d-c. railway, the 
Zugspitze, was recently- completed to the highest 
mountain peak in Germany, using an adhesion, rack 
and aerial line. Glass-tube rectifiers convert three- 
phase 50-cycle power for traction purposes. 

German locomotive design and construction also 
are standardized. Air blast transformers are used 
and now the electrical manufacturers are perfect in g 
an air blast circuit breaker so that no oil will be re¬ 
quired on the locomotive or motor car. 

. Sweden 

Sweden is rich in water power resources, but en¬ 
tirely lacking in coal deposits, hence careful con¬ 
sideration has been given to the advantages of elec¬ 
tric traction. The State railway system, operating 
most of the trunk lines and about 40 per cent of the 
total mileage, now has more than 14 per cent of the 
route mileage and 25 per cent of the traffic electrically 
operated. A very extensive program of electrifica¬ 
tion extension is under way and scheduled for com¬ 
pletion in 1934. 

One of the first electric installations (1912— 
1922) is the Northern Ore line. This 287-mile 
line, which goes 170 miles north of the Arctic Circle 
and is therefore the most northerly electrified rail¬ 
road in the world; handles heavy ore traffic from 
the iron mines at Gelfivare and Kiruna east to Tulea 
on the Gulf of Bothnia and west to Narvik in Norway 
on the Atlantic Ocean. The 15-cycle 15-kv. single- 
phase a-e. traction system, with high voltage single- 
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Four-car multiple unit suburban train at Munich. 
There is one motor car with three trailers 


phase transmission to track-side substations from a 
central mixed-frequency hydroelectric plant, was 
adopted. 

After the war electrical operation was considered 
for the Stockholm to Gothenburg trunk line and the 
government again studied the matter of a traction 
system, concluding that the single-phase 16.7-cycle, 
16-kv. a-c. system Would be satisfactory. Careful 
study of the location of a negative return wire on the 
catenary structure and the use of booster trans¬ 
formers for minimum communication circuit inter¬ 
ference satisfied the government communications 
board, which cabled their circuits or removed them 
from the railroad right-of-way. Traction power was 
obtained from the existing commercial power stations 
and transmission networks by installing frequency- 
converter substations about 58 miles apart without 
paralleling traction-frequency feeder or transmission 
lines. • 

A geared jackshaft side rod drive type 1C1 loco¬ 
motive, identical for both freight and passenger ser¬ 
vices except in gear ratio, was adopted as standard. 
These locomotives handle a 550-ton passenger train 
or 990-ton freight train over the profile of 1 per cent 
maximum gradients. Sweden is now the only im¬ 
portant country that has not at least partially 
adopted the individual axle drive, and is the only 
country extensively using a wooden locomotive 
cab. 

In 1931 electrification of the 392-mile trunk line 
south from Stockholm to the ferry terminals at 
Malmo and Tralleborg, and three branches totaling 
177 miles which connect this line with the Gothen¬ 
burg electrification, was authorized at an estimated 
gross cost of about $17,000,000. Complete elec¬ 
trical operation is to be started in* 1934. Com- 
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► • 

ev5 Cial ^ iI . 1 ,^ e purchased from*existing power 

constru ^tion of additional high 
tens lon lmej and six motor-generator frequency-col 
ertcr substations having an average spacing of 70“ 

hSuoiTJ? S ' Up gi y PO i Wer t0 me ^Settle. As the 
ttfanoh lines do not require additional substations 

«here is an average of 90 route miles per substation 
Seventv-five standard ir^u+ —j ____ _station. 


hav^ k ™ 8 t>atter y-trolley locomotives 

te tfectSioS! d - are now ‘ under “«On 

comparison of estimated operating costs shows a 
^favorable annual saving above all fixed charges 

tion of le ^ tri > «nrv mt ^° n Piie eventual electrifica¬ 
tion of about 600 route miles of ntW tn^ir i- - 

contemplated, which will then compktethe electr? 
ficabon of the government system“Si route 

^ •, pi ? va ¥y ow ^d railway is com- 

volt T-c a svSS le a nd e R trifiC f tl0n Us “ g the M0O- 
Msnr system and 8 motor-car and trailer sets 

Many of the smaller privately owned short rSlwa™ 

ucZfTJ^T 11 ^ haVe ^optedwiagrS 

S tHC cars branch lines of light 


Sat C cftv° f a^d m 656 * c ° D ^ted trackage through 
mat city, and to effect economies in operation 

multiS CaI °P eratl0 P of about 23 miles of route using 

d^ovlrhZ 1 * is conte mplated, and f 

was studied^ system at 1,500 or 3 ' 000 Y olis 

and pa f ? n S er some direct drive 

and others electric drive, and * diesel-electric loco- 

the^fli^ 6 US f d ex ^ nsiveI y on branch lines and on 
the main routes. Two type 2D2 900-hv diesel- 

electric locomotives were recently delivered to the • 

m W ton ; trSn S a e rT fi 0m, ? tiVeS "* d ^d to handle a’ 

W ra“a?Ts7n ™^ eS t , Per ^ and tave 311 
,mg range ot 370 miles, thereby enabling the Innwct 

round trip to be made without refueling. * . S 


The Netherlands * 


Denmark 


h -/ ta 5 e rai i w ays have under considera- 
lines in the vicinityof°C^enhagen.^ncSsTtte 

ft 


(Above) New Swedish type U b 
switching locomotive equipped 
with four control positions in a 
high center cab 


Approximately three-quarters of the countrv’s 
railway mileage is operated by the Netherlands rail 
way, which has about 7 oef cent „ T 1 

. Mss “say? 

at ‘°f- “ action to the Amsterdam-TlS 
Rotterdam line and branches which have been Sec- 
tacaJly operated since 1927. Purchased power is- 
used entirely, and converted to 1,500-volts direct 
current by automatic rectifier substations which are 

™™ teWlran adjacent interlocking 
towers. The one motor-generator substation if 
manually operated. On the earlier installation mnli i? 
umt substations were spaced 6.9 to 10.2 miles apart 
with intermediate sectionalizing tie stations *tl~ 
recent installation consists.of singlemfitstation, 
spaced about 4 miles apart. The contact system is of 
the twin contact wire type, and is unique for the sus 
pension of both contact wires from the same hanger 

eight diffip^-hp 6 rotT/tX^o^ v d ri^ 

S e ^ ed T ^; d S ir SS 


(Right) Unique type of motor- 
generator freight locomotive con¬ 
structed in 1930 for Austrian State 
Railways. It operates on a single- 
phase 16V8-cycle 1 5-lcv. contact 
line and is equipped f or f u || trajn 
weight regeneration * 

April 1932 
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electrical operation of freight and through interna- 
• tional passenger trains is not-planned at present. 

. « 

Great Britain ♦ 

*4 

The three outstanding recent electric traction de¬ 
velopments are: * . 

1; The Ministry of Transport report on main line railway electrifica¬ 
tion (1931) commonly referred to as the "Weir Report.” * 

2. Extension of thg Southern Railway’s, third-rail electrification to' 
.Brighton on the Channel coast. 

_ e 

3. Inauguration of electric service between Manchester and Altrin¬ 
cham using 1,500-volt d-c. multiple-unit equipment. 

With tiie exception of the Newport-Shildon 1,500- 
volt d-c. line all of the electrification is suburban and 
much of the mileage is in the London district; other 
installations are located at Manchester, Liverpool, 
Lancaster, Newcastle-on-Tyne, and Newport. Dur¬ 
ing the past decade, with the formation of the na¬ 
tional grid system for electric power transmission and 
distributi6n, th$ government has viewed with increas¬ 
ing interest the possibility of using electric traction on 
the railroads and various committees have reported 
on this subject. The Pringle (1927) report definitely 
recommended the use of direct-current, either 750- 
volt third-rail or 1,500-volt overhead, with the pos¬ 
sibility of considering 3,000 volts for spe cial condi¬ 
tions. Th$ Weir report (March 1931) recommended 
that if tiie railroads, are to be electrified practically all 
of the lines must be converted to avoid the uneconomi¬ 
cal conditions incidental to dual steam and electric 

oa^aa^ 011 * stu P en d° us project, covering almost 
20,000 route miles, would be spread over a period of 

2 ? ™ ^tal gross expenditure being estimated 

at $1,964,000,000. 

The Southern Railway's London suburban electri¬ 
fication, the largest of itsTdnd in^ the world, has 300 
route and 800 track miles electrically operated. 
With the completion of the Brighton electrification at 
the end of 1932 the electric system will include 965 
track miles on 350 miles of route; this is about 18 per 
cent of the company’s mileage. The 650-volt d-c. 
third-rail distribution system is supplied by 52 syn¬ 
chronous converter substations converting from 25 
cyd<g. Eighteen supervisory-controlled single-unit 
tectifier- substations are to supply power for the 
nghton extension from the 50-cycle national grid 
sytem. Multiple-unit equipment is used entirely, in 
trains of from 2 to 9 cars. The standard motor unit 
consists of two 550-hp. motor cars and an intermedi- 
a te trailer; a few two-car motor units were purchased 
recently. .Two-car trailer units are used between 
rnotoi: umts. All control apparatus including resis- 
tance grids is placed in a compartment of the motor 
car There are a total of 1,948 cars of which 832 are 
rnotonzed; most of these have been converted from 
former steam equipment. 

rail? 6 ¥ a Jf he | ter » South Junction, and Altrincham 
railway is the first electrification to follow the 1927 

s ^commendation of 1,500-volt direct cur- 

r^nt, Electric service with multiple-unit equipment 
w^inaugurated mMay mi. The line isTS 
«files) and was electrified to meet bus 
more ^ ectlv ely- Purchased power is 
converted by synchronous converters and a rectifier. 


r 

The catenary contact system^con^ists of a copper mes¬ 
senger, Stranded auxiliary, and a 318,000 cir. mil con¬ 
tact wire, totaling 1,000,000 cir. mils in c6nductivity. 
Three-car units consisting of a motor car, trailer, and 
control trailer are qsed; trains mjpy be made up of 1, 
2, or 3 such units. Motor cars, weighing 63 tons, have' 
four 330*hp. motors and a maximum safe speed of 70 
miles per hr.; trailer cars weigh 35 tons. 

* Eurogcan ra ? wa Y s apparently well satisfied 
that the operating economies, increased speed, clean- 
kness, mcreased track capacity, and use of natural re¬ 
sources such as water power or low grades of coal, are 
advantages that justify further extension of railway 

• J-J^trification even during a severe economic crisis. 
The execution of such projects during times of depres¬ 
sion has been of material assistance in alleviating un¬ 
employment in 'several of the countries. Perhaps 
America could profitably follow such an example. 


Impulse Testing of 
Large Transformers 


Impulse voltage tests provide valuable 
information concerning a transformer's 
ability to withstand high voltage surges in 
service. By making such tests with the 
transformers excited, power current will 
flow into any faults which occur, thus 
providing unmistakable evidence regarding 
the nature and location of* such faults. 


By 
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- RESENT standard dielectric tests 
at low frequency no longer are considered to give a 
satisfactory measure of the real strength of trans¬ 
former insulation. This fact was emphasized during 
the recent A.I.E.E. winter convention, at which the 
question of impulse testing of large power trans¬ 
formers received considerable attention. In general 
engineers who discussed the question at that tim e 
agree that impulse tests would afford valuable infor- 
concerning the ability, of transformers to 
withstand surges encountered in service, and that 
steps should be taken to establish a standard test pro- 

Prapared MiWMlrtor Euktkicl. EmimaRmo. tuUishti i« MmfUa 

■■ 7 ' r ;. ;; 
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Fig. 1. Transformer bushing flashovers (left) with 
superposed surge and normal-frequency voltages; 
(right) with surge voltage only applied 

• * 

SStoTW E t S 7 ; , rt wa l su ^ ested father 

migh^undertake^this tas™ 31 
Development of a suitable method of imn.ikp w 
ing for'transformei-s, involves several problems if such 
methods can be considered safe and rehable melmes 
o insulation strength. One of the principal difficultly 
encountered is the detection of insuEXdumsthen 
and some question exists as to whether 
th”tansfo™5 <;r0U f h .- tha ? com P lete disassembly of 

nose Th^ ki H i* 1118 adec l uate for this pur- 
f°i Se ‘j T he P roblem of detecting insulation failure « 
olved, however, by the simultaneous application of 
_ Sf yojtage and normal frequency exciting voltage 
so^that failure is accompanied by the flow of power 

When an insulation failure occurs during a normal 
frequency dielectric test, the fact thaS£"l 
is demonstrated by the obvious effects of the 
power ernrent that flows into the fault. In the ime 
test as ordinarily made, the energy discharged bv the 

que^tionab2‘ t nh m?y i be ff inS “ fficient to Produce un¬ 
questionable physical effects, if the failure occurs 

transformer winding. If on the other 

dted as 1^ 8 nomaT PUed - With th ? transformer ex- 
“Z, t in normal service, an insulation failure 

tdused by the surge voltage would be followed bv 

power current; the fact of such failure would be % 

m s™lice d o^ “ f nm ' st f kab ' e as in the case of a failure 

dietoric tet fsS’Kg 6 ?!T £ 3 n0rmaWr?qUenCy 

Simultaneous appheation of surge and power 
voltages has been recognized generally as the satis- 
factory solution of this problem, andtiS combtoa- 

Slmt 0Ut successfull y on distribution 
n years a go- 1“ applying the method 
to high voltage transformers, however, additional 


Westmghq^e company by an ingiious ap g pL a d«n 

ZZSggZgr d -“ °P- a «ng 

1 ,,-iu ^6 2 is sh ° wn a circuit developed for testing 

Kned Ind 8 ® 6 t , ranSf0rmerS fa y the method just out- 

hTs dfa”! e “ P iT ng a dd0n « a P as mentioned. In 
0 a „A / S : su . r £ e generator is tripped by vans • 

condense “T “ ^ by the volt ^ iM? 

generator, ?££&%££ 

sufficient ^ >I oause S bre2c(fewn , ° gapyfs^^f^ flnrt® 

the tripping cSenser t^ ^Ts in"t 

surgevrithtiiefin * “ suri ?£ 4116 synchronising of the 
surge with the 60-cycle voltage. Voltage at van / i7o 

for^T 1 , when . Voltage from the .tnppihg P trans- 
former is at maximum positive polarity at cW 

e wave. Gap 2 is set high enough only to with- 
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Fig. 2. Equipment for testing transformers with 
surges applied at crest of exciting voltage wave 

rnaTJ no!°ki° f u h ' S meth £ °L *° h,flh vo,tase transformers was 
made p 9 ss.ble by use of the deion gap to protect the surge 

generator from the transformer voltage 


Fig. 3. Oscillogram 
of transformer bushing 
flashover showing ap¬ 
plication of surge and 
beginning of short- 
circuit current at crest 
of exciting voltage wave 


SHORT-CIRCUIT 

CURRENT 


SURGE 

applied ...» 
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Fig. 4. Addition of deion 
gap to circuit does not 
affect surge voltage; (left) 
surge voltage wave with 
S«p; (right) without gap. 
For this test, oscillograph was 
connected between surge gen¬ 
erator and deion gap 
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stand the 60-cyde voltage. If gap 1 is set so that it 
* will just break down when* the 60-cycle voltage is 
.applied, the crest of the wave will be picked off 
automatically. • 

Operation of the circuit described is illustrated by 
Fig. 3, which shows, an oscillogram taken Airing a 
bushing flashover on a 138-kv.‘transformer. Appli¬ 
cation of the surge a*nd the start of the short circuit 
are indicated clearly. Timing of the surge is ar-» 
ranged so that jit is imposed at the crest of the 60- 
•cycle voltage wave. Experience has shown that with 
the surge and power voltages synchronized in this 
mann&r, ‘power* current will follow in every case in 
which the transformer insulation fails to withstand 
the surge voltage. It should be noted further that ‘ 
the use^of the deion gap as shown in Fig. 2 does not 


affect the surge voltage. This js demonstrated by 
Fig. 4, Which shows Qscillograms of surge voltage 
during bushing flashovers with and without such a 
gap in the circuit. It may be noted that the voltage 
pd time-lag of the flashovers are.practically the sam e 
in both cases. 

This development is particularly timely consider¬ 
ing the discussion on the subject at the recent 
A.I.E.E. winter convention mentioned in the begin¬ 
ning of this article. Availability of this test proce¬ 
dure opens up the possibility of an entirely new basis 
for establishing the sufficiency of transformer insula¬ 
tion. _ Furthermore, it brings within the range of 
practical discussion the project of standardizing the 
test procedure, test wave, and voltage values for 
surge testing. 


Design Features 
. of Potentiometers 


Fully nine-tenths of all potentiometers 
now being built are said to find their way 
into industrial plants. Low-resistance in¬ 
struments are showir to possess many ad¬ 
vantages over those'" with hjgh resistance. 
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. • . — OGGENDORF’S “compensation” 

circuit, from which all potentiometer circuits have 
been developed, was brought out about the middle of 
the nineteenth Century. This original circuit was 
devised for measuring the open circuit e.m.f. of 
primary cells ; in all precise potentiometers of today, 
the open circuit voltage of a primary cell is used for 
standardizing the potentiometer current. As prac¬ 
tically all of the primary cells used with poten¬ 
tiometers develop an open circuit e.m.f. a little in ex¬ 
cess of 1 volt, most potentiometers have been de- 
Signed to have ranges of approximately 1.5 or 2.0 
volts. An important exception arises in the case of 
potentiometers designed for precise measurements 
of temperature with thermocouples. Such instru¬ 
ments usually are designed to have a range of 
approximately 0.1 or 0.01 volt. . 
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Potentiometers have been designed with a range 
as high as 15 or 16 volts, but usually such a. high 
.range is not required. It is preferable not to 
connect high voltage directly to the potentiometer, 
but to extend the range of a 1.5- or 2-volt poten¬ 
tiometer to any desired value by means of a voltage 
divider, commonly known as a “volt-box.” It is 
usual practise to equip potentiometers with range- 
changing devices, so that two or three ranges are 
available in one instrument. 

* 

Potentiometer Resistance 

No direct relationship exists between the potenti¬ 
ometer range and its resistance. It is true that all 
low range potentiometers for use with thermo¬ 
couples are designed to have low resistance, as a high 
resistance in the potentiometer circuit would inter¬ 
fere with obtaining the desired sensitivity; but it 
does not follow that a high range instrument should 
have a high resistance. While a high resistance may 
be used in a high range potentiometer, a low- 
resistance potentiometer is preferable for the follow¬ 
ing reasons: 

1. Inherently, a low-resistance potentiometer makes possible a 
instimnerS SltlVlty 0311 be obtained a high-resistance 

2. Errors due to current leakage between the potentiometer parts 
are much smaller in a low-resistance instrument. 

3. Low-resistance coils are more stable than high-resistance coils. 

4. Proper galvanometer damping is easy to obtain with a low- 
Sw2t P ° tentl0meterand difficult t0 obtaiu with a high-resistance 

5 . In a low-resistance potentiometer at least one-tenth of the range 

may be covered with a slide wire; this results in a simple and inex¬ 
pensive construction, , • 

«Qin»t r ^1, Same ! e f s ^ y hy> a, iow-resistance potentiometer permits 
using a higher resistance in the volt-box. 

Distinct, advantages result from the use of low 
resistance even in a high range potentiometer where 
V 1 ® high-resistance instrument is not barred out 
definitely because of laek of sensitivity. F6r in- 

*'. . Electrical Engineering 



measuring current by measuring the 
potential drop across a current shunt, if shunts of 
equal energy dissipating capacity are used, the low- 
resistance potentiometer permits the use of a more 
pimple and rugged form of galvanometer;* if galva¬ 
nometers of the same sensitivity are used then the 
energy dissipating capacity, and consequent^ the 
size and cost of the current shunt, maybe reduced 

^ter ng * ^ the Resistance .potent!: 

Lower operating current represents the onlv 
advantage which may be claimed for the high- 
resistance potentiometer; this advantage, however 
can be shown to be more apparent than real. In the 
days when a 50- or 60- ampere-hour storage cell was 

reset rl an e «f P fhf 1Ve + te ? and when k was nece ssary to 
reset all ©f the potentiometer dials In order to check 

the potentiometer current against the standard cell 

0 oroT 1 ^ requiri f^ much less current ihaA 

Now tW°iT P f e probably had a real advantage. 
Now that fairly large storage cells are available at 

small cost and potentiometers are designed so that 

checked mstmriy^hmt* 

a- ) M nr n d 09 mstrument requiring as much 
on r„° r ( a02 .ampere is at no disadvantage, but 
on the contrary is at an advantage because with the • 

earrent any small leakage currents produce 
much smaller errors. In Fig. i is shown P the ““ 

tremely small drift in current for a typical poten- 

Sl”rffin r T nng n 02 ampere saPP^ed from a storage 
cell ot 60-ampere-hour capacity. 5 

os-Wv ere ? Ce - aIread 7 bas been made to the pos- 
® blb f y °/ usm & a slide ™e for the lower part of the 
range of a low-resistance potentiometer. As a 

Z^st J aC nf h TT’ k iS - n0t at ^ CSSential aad 

dS^L ? f J^ e lowl resista.nce potentiometers 
J?*??for making precise temperature measure- 

S w“cherihroughour UPleS . are with 

A low-range, low-resistance, dial-type potentiom- 
P ro p os f d is shown schematically in 
A *1 "f ^strudient has a low total resistance 
(less than 15 ohms and substantially constant) and 
the circuit arrangement is such that eirors due to 
resistance variation and parasitic e.m.f.’s at the 

thefifthXr^ ^ feduCed t0 less than one st ep on 

While the instrument shown in Fig. 2.has six 
dials, not 'more than five are intended to be used at 
one time, as the use of all six would assume a higher 
accuracy in the standard cell and in the resistance 
adjustments than is obtainable in ordinary practise, 
lhe sixth dial is included as the equivalent of a 
range-changing device, that is, when using dials I to 
V inclusive, the range is approximately 0.1 volt; 

when using dials II to VI inclusive, it is about 0.01 
volt. 

Defection Potentiometers 

In tiie deflection potentiometer, the principal 

part of the potential being measured is balanced 

against a known potential just as is done in an 

ordinary null potentiometer; the remaining small 

portion of the unknown potential is read from the 

* 
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deflection of a calibrated galvanometer. The funda¬ 
mental requirement in ’the design of a deflection 

aXstm^l^V for aU oo^ecrio^d ' 
adjustments of the mstrument, there must be nn * 

jpotentiometer is in checking large numbers of 
portable indicating instruments. Iq. discussing this 
latter problem, Dr. H. B. Brooks of the United. 
States Bureau of Standards, points out that null 

Dose' 1 '?.?? 6161 ' 8 - 416 . 4116 m ° St aceuraie ^ -the pur- 
.pose, but require too much time to use. Doctor 

^n°^d fU drf^H h ° W? ? at l0ng SCale laboratory 
standard deflecting mstruments, while faster in 

^ ”°f Efficiently accurate for the pur- 

eidsts fm a t vn? U f d “ .* at ” eed uftqu “ tiona % 

exists for a type of mstrument for current and voltage 

measurements which will have properties inter¬ 
mediate between those of -the ordinary .’deflection 
instrument and the elaborate potentiometer.” • 

It is interesting to note that although the de- 

^^d?°t en:tl0tneter doeS P rovide ““ instrument 
t j IS. ““P'aoy between the null poten- . 

• the lat ?° rator y standard deflection in- 
lt . ls not intermediate in speed of opera- . 

In th/Lfl r Ster fban. either of the .other two. 

In the deflection potentiometer, the galvanometer 

ST ‘fS and and this ^ults in a short. 
period. Furthermore, it is unnecessary to take the 

time to Estimate tenths of a division. Because the 

Sneed°L t ?b P °K ter does ” ot chaa S e very much 
and need not be observed more closely than to one 
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HOURS OF DISCHARGE JUST AFTER CHARGING 

Fis. 1. Current drift for a typical 100-ohm poten¬ 
tiometer supplied from a lead storage cell 
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Fig. 2. Schematic diagram of a recently proposed 
low-resistance potentiometer with two ranges (0.1 
and 0.01 volt, respectively) and five dials 

This instrument is especially adapted for thermocouple mea¬ 
surements. Upper and lower circuits are connected so as 
to utilize the difference of the two potentials, thus avoiding 
the necessity of reducing both potentials to zero to obtain 
a zero reading on the potentiometer 
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division, it is unnecessary for the operator to change 
ms position frequently in ofder to remain in with 
• the 'pointer. This latter precaution is essential in 
reading laboratory standard deflection instruments 
te avoid parallax errors. 

.; I J oo nc lusion it*jnay be of interest to point out 
that the .use of potentiometers in industrial plants 
has mcreased remarkably in recent years. # A fair 


r 

estimate indicates that nine-tenths ‘of the poten- 

S°“ t eterS ,P u ‘. mt0 us , e eacl1 y ear go into industrial 
•f ^! PP ^ atl0nS and ? n ’y one-tenth into laboratory 
service. This is not due to any falling off in the 
laboratory uses of.potentiometers, but rather to the 
rapid increase m industrial plant uses of the instru¬ 
ment, ib the form of portable indicating poten¬ 
tiometers and automatic recorders and controllers. 
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Load Control 


Regulation of tie lines interconnecting two 
electric power systems is a problem of load 
control rather than one involving principally 
system frequency; for best results, the 
contrd equipment must be automatic. 
Apparatus developed to meet this need is 
described in this article, and the results 
from two years’ operating experience* are 
outlined. 


that power flow over the tie lines cannot be regulated 
m this manner. In fact it has been observed hi some 
cases that when the bulk of the load change falls upon 

+ ?5, SyS , ten i’ the ? 0W T flow over the tie line exceeds 
the load change by the amount required to acceler- 
ate or retard the systems. 

Recognizing the problem as one of load rather than 
frequency control, the Duquesne Tight Company 
several years ago enlisted the cooperation of several 

exolnW^tf a T U i! aC h t T rS in a Series of load c °ntrol 

• + - Th i? J CSts Were made 011 the 36,000- 

kva. 132-kv. tie between the Colfax station of the 

and the Springdale station of 
the West Penn Power Company. As a result of this 
and continued investigation, automatic load control 


By • 

T. E. PURCELL 

NON-MEMBER 

c. A. POWEL 

MEMBER A.I.E.E. 


Duquesne Light Co., 
Pittsburah, Pa. 


Westinahouse Elec, ft Mfa. 
Co.> East Pittsburah, Pa. 


T“TIME delay relays 
A*AUXILIARY RELAYS 


; p 

tion of several power systems has Sou^Uoth^fore 
a .new and most important problem; namely that of 
controlling the interchange of power between the 
several systems. This problem first came into promi¬ 
nence under the name of frequency control and 
inauy engineers attacked it from that point of v£w 
As a matter of fact the problem is one of load control 

“tel- ^ has do “ 

^^ IDS an automatic frequency regulator on 
each system promptly will develop the factttaTthe 
load variations on the systems will be so dS&flm 

at It. A.I3E?E, C Fwlfio Netwwts" (Ho. 31-127; p rC - 

26-28, 1931. ; ‘ 6 ° C ° Mt ^ventjon, Lake X ah6e, Calif., August 


GOVERNOR MOTOR 


Fig. 1. Westinghouse 
solenoidtypeautomatic 
load regulator for in? 
terconnecting tie lines 


M^ nr !j e ' 3 n h j r F immediately above the fulcrum arm E is 
Sin kli d r | c » uir « zero watts j n coils C and D to main- 

the am toMie^ ny P ower 5 ow *e coikwill cause 

flow Fnr or J ower .depending upon the direction of . 

the "raise” S Jr ‘‘U hanS ” S ! n ..' oad contac t J engages either 
corttaehl eenrl L • T stationary contacts Ror L. These 
contacts send an impulse to the governor motor through time 

flr rT ' f * e .. per,0d r° c0 . ntdct engagement is less than 2>/, 
sec. no correction results. A second set of time defav relavs 

Governor^ t0 • j *. en 9. tFl °f impulse delivered to the 
governors to a predetermined value. To take care of large ' 

* j eC L 0nd set of contacts K is provided to 

relays t withouf > tfrl c j? a P 9er n !9 tor d ' r «ctly through auxiliary 
eiays without time delay. Contacts K are set to dose for 

th F e P reo!'| ,a f e y l?! 000 *<w. diange in load, but hunting of 
the regulator in this zone is prevented by the opening of these 

tactsJ te to a Vetu°m 0 thJ V |- i 9 a th 5 V il ue the axillary con¬ 
tacts J to return the line load gradually to.normal. 
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over the tie line and automatic control of the genera 

CTam U C f V^ a - CCOrd,anCe ^ ith a Predetermined pro- 
gram, both -being supervised * by or subservient to 

ooeStfm l7 q r Cy ^ ntro1 ' have been “ successful- 
WhfufZ at . the .Colfax station for some time 
Wule many improvements no d<5ubt are yet to be 
made, operation of existing equipment exceeds py 
pectations extant at the time thetaSSfcS 
work was started some two years ago. 2 

The maximum economy possible as a result of 
interconnection will nofbe obtained utdess tte most 
efficient loadmgs of the several generating units on 
tiie interconnected system are Idhered tocTosely 
This loading must be anticipated and must take a£ 
count not only of the inherent efficiency of the 

fartors lincf 0 " ^ UnitS ' but ~ otto 
tactors. Since maxunum economy, cannot be ob¬ 
tained with manual control, for the most advan- 
ageous operation the control must be automatic. 
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PUMMMETER 
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Fig. 2. Westinghouse Kef vin-ba lance type auto¬ 
matic tie-line load regulator 

W?, ,n lo «* the balance to deflect contact H 

cams J "*«»* 

sssr mo - tor • As V£s-J£ 

tinn f n 3 T ment r ith the Cdms decreases and ffe dura- 

Wc-tisMte 

toffe lever? tom 0 ? * ^’Arsonval element may be attached 

must be reliable, accurate, and 

generlttog unL any ^ <Mvision ° f load ^ etween 

Performance of a tie line connecting two large 
power systems involves the rate of load changed 
the inertia and sensitivity of the prime mover gov- 
1”? “ A we . U as | he electrical characteristics of 
?. A l° a d change on one svstem causes a 
redistribution of the load between the various prime 

and fi SO a . transient distribution wS 

load tvT th ^ penod of ad i ustm ent to thfe new 
J h * s trans ient condition is not noticeable in a 

utihtv tle H d o S Jf em aS t - he avera £ e metropolitan 
, However > d there is only one tie line con- 

^ n ? ' W0 ? yst ems, these load transients are eon- 
enta-ated and assume considerable importance. The 

law 5u qul f ements ° f a successful tie-line load regu- 
th eref ? r e are that it must not respond to these 
small transient load changes, but it must respond to 

April 1932 
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Fl9* 3. Leeds and Northrup 
potentiometer type automatic 
tie-line load regulator 

The load setter is a potentiometer with a calibrated dial and 

DofenSfof^/'iT d ? 0tentidl ec l ual to the therm®coap]e 
0 t " e t *? e 1 rma * converter for a given tie-line load 
Il’n/ifi iWO P oter * tld,s are connected in opposition through a 

Thl - S Salvanometer deflecb [^pro¬ 
portion to the difference in potential between the load 
setter and the thermocouples ofthe thermal converter Anv 
rnMHno Ce mc * lca , te 4 by the galvanometer is checked* by the 
.°ft n ? ?!” mechanism F, which (delivers corrective impulses * 
to the turbine governor in proportion to the load error? 

• fj 1811 Gained changes. However, when large load 

Qi^ a wf S ? ccu r tiie regulator must respond whether 
such fluctuations are temporary or sustained. 

% % 

Tie-Tinb Toad Regulators * 

FiS h i e to t ? >eS Tb load regulators are shown hi 
mSii £? 3 r T h f first type (Fig. 1) was devised pri- 
manly to eliminate corrective action due to transient 

reasonablem 10 to ^ 

easonable magmtude. It consists essentially of two 
solenoids connected to two phases of the tie Kne and 
ananged to assist fcach other in balancing an arm 
which cames two sets of control contacts olits outer 
rjl d ' J 111 ^ delay relays prevent the regulator from 

hT?°b dmg t0 S ^ aU frausient changes. This device 
has shown considerable promise, in that it does not 
cause corrections to be made which must be counter¬ 
ed immediately by those of a reverse order 
, ~ ? ar ^ change of turbine loading to counteract 

sumihlrf tl( r f ults m consid erable energy being 
supphed to the system to accelerate it while changing 

the Those angle relation across the tie lrie it 

can be seen that after the phase angle is changed th1«s 

energy still is available to supply load, whi^resSS 

Z a ?. overshooting of the proper ^kie lt g 

sential that any regulator responding at a raoid 

wltoXYl a Wide 5 0Ile about 1 the ffi £3a2fc 
ments. * 1 d correctlons are “ade in small incre- 

This first regulator is not well adapted to remote 
control, and for applications involving this feature 
another design utilizing the Kelvin balance (Fig 2) 
has-been deve oped. No time delay relays are used 
with this device; it will cause more corrective ^, 
puto to be delivered to the govemor motorl than 
«ie device first described, although it is somewhat 

of toTd* errors due to rapidThanges 

Of load. Under average conditions, however it will 
mamtama closer integrated load,; ", ™ 
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Fig. 4. Automatic program load controller for use * 
. with tie-line load regulators 
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Fig. 5. Comparison between manual and automatic 
* controls Broken line shows average of load swings * 

#> 

I he solution of the problem of tie-line control 
offered by the Leeds and .Northrup Company con¬ 
sists essentially of a master element comprising a 
thennal converter and a load setter as shown in Fig. 
3. The thermal converter is similar to the Lincoln 
thermal demand meter except that instead of using a 
bi-metal strip to indicate the kifowatt load, thermo¬ 
couples are inserted which produce a potential for 
transmission to suitable receiving apparatus. This 
device tends to change the turbine loads until the tie- 
line load flowing through the thermal converter sets 
up a potential equal to that of the load setter. This 
control gives very satisfactory operation. 

Program Load Control 

P ast where frequency control has been 
r' C ? mmon P™ ctlse has been to confine the 
regulating to one station and usually to one generat- 

mnrp th' When relating device controlled 
more than one unit, the division of load between 

units sometimes was found to be erratic; therefore load 

**««« w ere devised to enable the various 

^ s bare of load increments 

relativel ? TP le “ d 

sausiactoni}, but the principle of dividing all Innri 

proportioDaWy betwran mtfa ii . strain 

valves in a throttHng^sMon T„ the 3 ™ ? ontro1 

we uuquesne company operators, load scheduling is 
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based upon tufbine valve positions rather than upon 
generator output. Tints each tufbine is maintained at 
its most efficient valve opening regardless of the effect 
*of the many variables entering into the position of 
the valve with reference to the load. 

In Fig. 4 may *be seen a schematic diagram of 
equipment used to obtain automatic division of load 
in accordance with the predetermined program load¬ 
ing at the Colfax station. Six generating units are 
installed in this station, two of them of 60,000-kw. 
capacity each; two of 41,250 kw. each; and two of 
30,000 kw. each. On the larger steam turbines the 
nozzles are arranged usually in three groups, each 
fed from the primary, secondary, and tertiary valves, 
respectively. These valves are equipped with aux¬ 
iliary switches to establish the proper sequence of 
loading. Referring to Fig. 4, the motor-operated 
selector switch routes the "raise” or “lower” im¬ 
pulses from the tie-line load regulator through the 
load scheduling device to the turbine governors. 
In order to simplify the description and diagram as 
much as possible only two machines have been 
shown, each with one primary ^ and one secondary 
valve. 

Six loading schedules are shown in the table (Fig. 
4); to set up any one of these schedules, a sy.stem of 
receptacles and plugs is used, four machine recep¬ 
tacles and four sequence receptacles being required 
for the case illustrated. The selector switch has 
four independent contact arms, two of which are used 
for routing the “raise” or “lower” impulses and two 
for controlling the selector switch driving motor. 
The position of the selector switch is determined by 
the position of the valve auxiliary switches and also 
by the way in which the machine and sequence 
receptacles are connected by jumpers. For example 
consider that machine No. 1 primary receptacle is 
connected to sequence receptacle No. 1, No. 1 
secondary to sequence 2, No. 2 primary to sequence 
d, and No. 2 secondary to sequence 4 receptacles. 
The operation then would be as follows with both ma¬ 
chines carrying minimum load and the selector 
switch m position 1: on increasing the load, an im¬ 
pulse from the regulator is routed through to No. 1 
governor motor. b 

the , Ioad has increased to the point where the 
FhTffL™^? 1S mde °P en > the auxiliary switch on 
tSl offte'Sw cont a ct er jergmng the forward con- 
rflisinl^r, f Ctor TS vltcl1 dnvin & motor on the next 
for^d^hWi' Th e selector switch rotates in the 

tact breaking antd cu t off by the forward con- 
widthrfte^ circuit with the first contact. The 

that the mot 0rWa ^? !! n .4 backward contacts are such 
r“LT^ Wd ? ** t0 ^ next position after 
position 2 anrMh IS ktphen. The switch now is in 

Staltedta i r£USmg or lower “S impulses are 
nianner Vhe c^ . governor motor. In the same 

Son after the ^ T tch <»“*«* to the next 

opens fullv w;t^ C0 ? dary Y a ve ° n machine No. 1 

switch returns the™ decreasing load the selector 

energized through the 

switch contacts wt,; u swit ?k 3X111 and the valve 

closed The fnrwa^J 1 < ? ose< * when the valves are 

seal in so that*the selector a f iHar y rela ys 

seiectpr switch travels at least one 

w 1 
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fi?f ltl0n , a ? d 3180 break& the control* circuit from 
tmnsTfr . “ ““ broken”/X 


Operating Experiences 

• • 


two systems are Xl^d.changes. If 

ssw swsar ^rirH Sb r 5 ‘ 

d^Tdm^ 

ing tie lines. a tnrou £ h the interconnect- 

size and ^vf^SSw^iT 1 "? ^ 

SLt eed ?nin°- r r tr01 w ’ t bou° overloading 

60 ^ frequency 

wITw 11 tend to correct the tie-line loading 
W bb frequency control on one system all +t, a « ^ 
changes occurring on fte Si ^ 

obviously will appear eventuaUy on he uni“u n d°er 

th Z^ZTr!;^ ‘ hat 311 th * net load chang^S 

the tie Kn“ frequency control will appear in 

Observation on the Colfax-Springdale tie line for a 
period of two years has shown the foregoing reason^ 

bad cS tend, ^ ^"7 *" that “f 
difficult to obtain TT,-”^!? frequency control more 
that all load chano- ,ls ls based upon the assumption 

the tie line and 1 ^ 8 ° n ° ne . syste “ must How over 
tne tie line and be compensated for by the freauenev 

funeti°oned UIP Th n t t tte tie4 “ e equipment his 

reetedtoti hwn '% Say ’ the Ioad change is cor- 
rected tost by the frequency regulator and later 

by the tie-lme control, which in hum requires 4S 

to tW lU ^'n7i regU [ at0r drop an amount oHload equal 
to that picked up by the tie-line load control This 

eaSt W ° Uld be w nd if the frequency-control 
equipment were much faster in response than the 

tie-line regulator. As a matter of fact explrience 
has shown that the two types of control work to- 
S-iT fM actonl 7 although possibly at the ex- 
»me period^ freqU€nCy of °P eration during 

, to been observed also that the use of tie-line 
regulators affects the permissible neutral zone of the 
frequency regulators on the interconnected sterns 

ta £ ati .° n ° ft l e ' Hneload eoutrolafCol- ' 
‘“"““ad? to a time when the West Penn com- 

±n fm £tut! ntamlng X ? system frequency to within 
0.05 cycle by means of automatic frequency control 

*1“Windsor station. Uter£in orl “ 
th overloading of other tie lines, the fre¬ 
quency was allowed to vary as much as ±0.15 cycle 

i^ n ed “ a more . erratic P°wer flow over the 
e ime and an*mcrease m collective operation of the 
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tie-line U * felt that while the solution to 

• Sfe 1 'toXSSSisIl Fr& 

parison is shown in Fiv 10 TT^Jr Z' i com ~ 
the average load v* matmal control 

change in the width of thTband of^owe^^ 16 * 
whereas with automatic contvnl +h* ? ower flings; 
maintained very ebse to i * 5 V6rage load is 

r-wS:: 

- “Aais 

Colfax station 30,000 kw. anlS & 
frequency controllers at the "Colfav j 6 

stations, respectively, to correct the load distribution 

4:0 analyze the instantaneous load shift*! wtuVi, 
ensued high speed test meters were use^X results 

taneously^and^th^sLmV rate^ f^ 1 ' 

dropped. .This initial divisionfs a^hararte^sticX 

interconnected systems when the load chalre n^ 

ours at the end of the tie line opposite frem the 

PT‘» , T^ control. Without tie-line con- 

tin Sf” r sta ‘ ion being under frequency ton- 

dropped d HmIf P1C -£t, d “ P the entire 30,000 kw. 
aroppea. However, the curves show that in K^+t, 

ST j^ e tie 'bne load control had accomplished con 

brfm?thIfre^ Ctl0n by °Pf at “g°u Colfax unit No. 1 

tha? st a tioi ti UenCy - regulat ° r at Windsor had caused 
tnat station to acqmre much of the load dropped. 
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Both tests were similar except that the speed of 
response of the load regulator was increased in test 
No, 2. It may be noted that in this second test the 
load was dropped at Colfax station but was not 
picked up at Windsor. This was due to the latter 
station dropping load faster to compensate for load 
changes on its own system, and incidentally is a good 
illustration of the advantages of load diversity 
through interconnection. e 


Conclusions < 

<* 

On the basis of the foregoing, it may.be said that: 

1. Automatic tie-line load regulators and program loading equip¬ 
ment have been developed to a commercial stage. 

2. Tie-line load regulators on one system can be operated sutj. 
factbrily in conjunction with frequency regulators on a connected 
system. ' 

3. Tie-line control may be used to reduce load fluctuations between 
interconnected systems. 


* 

Variable Ratio 

Frequency Converter 

• 

Two synchronous-induction frequency con¬ 
verters with controllable frequency ratio 
and full automatic features were chosen to 
tic * 25-cycle and a 60-cycle system. * 
Consideration of generation, loads, load 
cycles, and stability of both systems led 
to the selection of this type of unit. * 


By 

L. V. NELSON 

ASSOCIATE ALEE. 

E. L. HOUGH 

ASSOCIATE A.I.EE. 


Both of 

Union Electric Uaht & 
Pwr. Co., St Louis, Mo. 


c 

nf th* o - >°INCIDENT an d continual growth 

Electic 2 L§bt e a n a Hp 6 °' Cy ^ e systems of 

and Power Company created a qai-iVc 

The^reauhrw^t called for simultaneous solution, 
inese requirements were essentially: 

yearly prime opacity to meet a normal 

o? Sfe 

qttatdy handle it. ■ 25-cycle steam reserve plant to ade- 

comcti " kw. OWM a ,a " n amount ° f 

'‘IatereonB at»Uftn of th. oW T --—_ 

“ -a* k. w SggSSgj**. 


possible if they were connected by adequate fre¬ 
quency converter capacity, at the same time securing 
the complete satisfaction of all but the first point 
abbve enumerated. Keokuk, while developed to a 
■ maximum capacity of 135,000 kw. as a run-of-river, 
25-cycle, hydroelectric plant, was limited at times to 
a maximum capacity of 70,000 kw., so that the re¬ 
quirement of 60-cycle prime capacity could not be 
met solely by the installation of frequency changer 
capacity. However, the GO-cycle system, supplied 
entirely from steam plants, was being augmented 
by the addition of a huge storage hydroelectric plant 
at Bagnell, to satisfy the 60-cycle system demand. 

Interconnection of two hydroelectric plants of 
different frequency by frequency converters has ob¬ 
vious advantages, but when additional system re- 

witTi e ™w te b - satisfied in the same Installation 
with only a minor increase m cost, the importance of 

that rh* 1 f nstaUatlon * s evident. It was determined 

Cha T rS should ** follow- 

additional 60,000 000 kw4ir 2Si5!Si! 8 i 0 th ®. 00 ^/ cle system of an 
trie plants It fo,S fhoTVi Ua i Iy fr f om Uie 25-cycle hydroelec- 
of t£ tad t0 26 , H*- *o take care 

additional investment fa «4de S Wl * h<Wt 

interconnectio^betiveen c ^f ra ^teristlcs as would provide 

of 176,000 kw. and^ incrSfnsfff 1 ^, 26 ‘ cycIe generatingsystem 
present rating in excess of SSo kw. 0 8yStem Capacit ^ w Uh a 

'SSgSXX C r't™ “W/o^imately 

Osage power into the St. LoiS disS P f ° f m brin « J «K 

lately in the event o^di^rsUy betweeif thp coastrac t e d to run sepa« 
plant and Osage plant reauMn«f tbe watersheds of the Keokuk 

f ed ^ m '* ht bS re “ 

one, e^chiLTtin W0U S be Preferable to 

operation in most cases. a ^auu still would permit adequate 

temuned^ from doad * ^^ ency converters was de- 
20,000-kw. ratine were e %* lretnents - Two sets of 
suitably the reqtfireTnpn+c b< f S ? n f 8 com ^lning most 
capacity, and svnehrotm^c ° f ^ ad transmittal, spare 
type of set to b^s^ w^° nd t n - Ser ca P acit T‘ The 
investigation. It wJ t o f C0 nsiderable 

typesofmachmesavaikbl^ n^y ^ W6re fivc 


ious converter 
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„ • ' • • 
d - The synchronotls-inducjion dbnverter 

4. The fixed-ratio synchronous-inductiqp converter 

• The variable-ratio synchronous-induction converter 

sks rsr 

E-" £&S 253 , *iKr i ? "t'-'" 

is received at nrwT * tecL AU power transferred 

t-^pSTBSsr. ~S?23ft- 

opttatmg on each system. This nTfa L the one 

between systems within the limift n f ld * e< l uenc y tie 
of the individual nmchUs n», f J“"' OUt «*“*“ 
~le, the 

at the let™? m ° Ve J Soverning and not controllable 

availablf over^ wTd™ e “CL° f bo ^ 1 «* is 

=£rtd SS 

auxiliary machines The* namii r e ^ lres but few 
quires considerable precision in tynchronfeW^Vor 

!£“f ft" ^“di^bet^ts^ 

fflW r f<% by stator shifU n g S ”nc e ^ 
S?® 5 0f u th ! S ‘ype m tile rating proposedabeadv 
n° untried designs woukfbe nectSf/ 
R«ords indicated that the reliability of this tvne 

deft fapaf?^ were of s ^' 

.to 


The efficiency is relatively low The i • 

C Th“S ra n do° P s erat r and ° f ^ofrehSy “ 
' eonslt«ff d t ? s yu c bronous-induction converter 

SlPpSHis 

caUed the ‘‘geneml tra^fomto^cedt 

Stt'SKS#- 

frequMcks'in^marin betWe ?“ systems of different 

desSe. " 0386 at 11311(1 this ^ture was un¬ 
design aSTnVif^fl C °“ Verte is by the 
load control is o^tained hfnri i? reversi ble-and the 

at 

311(1 ^“machm^^f 

rdatively'tonpk altto^Mfi,^ 0 ^ 3 ^“ 


wsr 

verter seemed undesirable. iype or con- 

sySu-onotm^achf in< i“ Cti ? n converter consists of a 
tinn mfobme direct-connected to an induc- 

cage typl^Thl the wo f nd rotor or squirrel 
aciordSl V„Tu / e 3 Uency rati0 of this set varies 
lable at ?f f ^ ° n the set and is not control- 
svnchror, 1 * Set ‘ - Tbe load ls reversible if sufficient 
inv Mmftf ospeoity is available to supply theexcit- 

0f the induction machine, but 
change in'^ lde ?? ble jbange m frequency ratio with 

detemif d hv rlw 11 ° f P ° Wer flow ' ^ ad control is 
rdattSv«£L Pm ?v nwv « r . governing. The set is 
chieflv w,, +n tab u ^ sta biiity being determined 
chfe y 6 P f uU ; out tor 1 ue of the synchronous ma 

chronous P efd A tn t0r “ ntro1 fa available on the syn- 
nronous end ot the set but nst on the induction tod; 
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It W p,«A°' l<W ' '" , L‘ ble ,4 “° fr ^“ ene y converter, 
•t Page Avenue .ubrtetion showing Parting motor 

ana exciters on 60-cycle end 
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in ten of correct polarity and* phase on 1% second 
unit. This type of machine has been reliable in 

• service and has been built in large sizes. 

The variable-ratio synchronous-induction con- 
Vertdt consists of a synchronous machine direct- 
connected to a wound rotor induction maehine pro¬ 
vided with suitable regulating” machines, the number 
and type varying with the particular manufacturer. 
The distinguishing feature of this set is that the fre¬ 
quency ratio* is variable. Voltage and load dis- 

\ turbances are reflected through the set to a lesser 
degree than with other types. The load is reversible 
and the load-control within the design limits of the 
set is accomplished at the set itself without de¬ 
pendence on prime mover governing. Stability is 
good, the ’maximum load transmittal being deter¬ 
mined by the pull-out torque of the synchronous 
machine, the relative speed changes of the two sys¬ 
tems, and the speed of operation of the regulating 
equipment. . It is interesting to note that if the 
automatic regulating 'equipment is not working, a 
relative speed change* of twice the slip of the induc¬ 
tion machine is required to change from full load in 
one direction to full load in the other; whereas with 
fixed ratio types this reversal occurs with only a 
small phase angle change. In the synchronous ma¬ 
chine power factor control can be obtained over a 

* wide range and in the induction machine, oven* a 
limited 'range determined by economic design con¬ 
siderations. ^Efficiency is good although not so high 
as on synchronous-synchronous machines; the effi¬ 
ciency vanes with variation in frequency ratio. Al¬ 
though simple of operation, the set is somewhat com¬ 
plex. Its main advantages lie in stability, ease of 



The two 20,000-kw. frequency converters, showing 
the Scherbius regulating equipment for the 25-cycle 
induction unit in the foreground 


starting, and load control. The sets had been built 
m the size contemplated and component machines 
of larger size produced. 

Based on this analysis it was decided to purchase 
two variable-ratio synchronous-induction converter 
sets, each set to be capable of transmitting 20,000 
kw. from the 25-cycle to the 60-cycle system or vice 
versa with simultaneous and opposite variations in 
normal frequency of one-half cycle in each system; 
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that is, each set was c to tie capable'of transmitting 
full load from either system to the other throughout 
. frequency variations from 24.5/60.5 to 25.5/59.5 
cycles. This would permit a fairly wide variation 
of frequency in one system if ttiat of the other were 
fixed, the range being affected by the direction of 
load transmittal because of the natural slip of the 
induction machine. 

’ Thq machines, completely automatic in operation, 
are of the six-bearing horizpntal type with adequate 
provisions for movement of stators on both of the 
large machines to permit easy maintenance or repair. 

A split coupling is provided between the machines, 
with the starting motor and d-c. exciters located on 
the 60-cycle end to permit independent operation 
of the 60-cycle unit as a synchronous condenser, 
if required. Each unit occupies an area .of approxi¬ 
mately 13 x 60 ft. The machines are of the semi- 
enclosed type, drawing filtered air from the room 
and discharging it into the basement. The venti¬ 
lation requirements are 150,000 cu. ft. of air per 
min, per set. 

The frequency converters ih several months of 
operation have met their expected requirements fully. 
The average over-all efficiency has been approxi¬ 
mately 90 per cent during the first six months’ operat- 
ing period, the normal load cycle requiring operation 
part of the day as 60-cycle generators, and the bal¬ 
ance of the time as 25-cycle generators, supplying 
25-cycle relay power. 

It has been found that the inherent ability of the 
machine to change load gradually with system speed 
changes has been of marked benefit in stabilizing the 
systems. For example, with the set feeding the 25- 
cycle system, a voltage drop may cause the loss of 
considerable 25-cycle load with consequent speeding 
up of that system. The load reverses and the fre¬ 
quency is held to a small departure from normal. 

The occurrence of a short circuit on the 25-cycle sys¬ 
tem reduces the exciting voltage to a low value and 
consequently the decrement curve shows a very 
rapid drop after the first few cycles; this has the 
effect of holding the interrupting requirements on oil 
circmt breakers to a low value. The corrective ca¬ 
pacity in the 25-cycle induction units varies from 
zero at full load to 16,000 kva. at no load and exerts 
a remarkable stabilizing influence on the 25-cycle 
voltage. The 60-cycle machines are equipped with 
high-speed excitation systems so that the 60-cycle 
voltage is held within close limits. 

The machines as installed cannot be operated 
unless a 25-cycle exciting source is available, although 
minor modifications would permit d-c. excitation to 
bring up a dead system. In several cases where the 
25-cycle bus voltage has been dropped to a very low 
value by faults close into the bus, the machines have 
resynchronized themselves without any difficulty. 

It is of interest that the voltage of the induction uni t 
is always at the same frequency as the exciting source, 
but its value may vary through wide limits and it . 
may be considerably out of phase with the system I 
voltage. Consequently, the abifity to resynchronize I 
depends upon the action of the regulating equipment | 
and the changes in relative system speeds during the f; 
interval when the bus Voltage is very'low. | 
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Engineering Features 
of Phanotron Tubes 


By 

H. C. Steiner 2 . 
A. G Gable* 
H. T. Maser 2 


The Parallel 
Type "Inverter" 


By 

F. N. Tompkins 1 


hot^tho(J™.fited^te P 5rfu, NT a tie th f atron br tta*-element 

Weal 15^. ™^*“^, Wlt . h r g-'d-controlled arc has given elec- 
catiogs ‘«® 3 tln I and valuable appli- 

being the “inverter." Its purposed tL™° St 1 “ teresting of these 
direct current to alternating r^rpnt + 1 ^ lnversion or changing of 
usual rectification. With the advpnt J +W? 6 process of the m ore 
efficiency, low ^l^Sranlr^r^r^ 0 .?* 11 its 
«vely large amounts of poweT&i„^£ 1? handIe ?"= 
ing of commercial i^^^iTOircmiedbom. 

pJSS^tSteTe'fo^ tat ° two mata ^ and 

SS.-S asSSrn p a 

35 SESSSSggS£ 

There is presented the inform^; d f “ operatlon as a whole, 

of thyratron circuitTnSS OP ' raltan 

^den reversal of potential onlhe anode if the tub^eCSSSaf 

^w^asaajs-jSS 

“•[wZ JcStmgTw^^^Jr^^ 

faJir • OUtpl i t W ^ Ve form vaaKT editions of full load unity power 
S 1 anal , yzed and ^ is shown that with the proper^ 
tants the voltage wave is a fair approximation of a sine wave For 

SS2L2 cir “ Stants Ule outputlVe f :iTdJg°e 

obaraeter and degree of loading. When reasonably good 

the^d^v^- ^ ^ Ur ® d ' 1316 voltage regulation is poor but 
mlw 7 hlgh< Changes in the circuit which give better 
egulation cause poorer wave form so that in the design 5 this type 

STcw!!? % b ? mK h *— b-CSTSSE 

effects and regulation, the latter showing the 

Values of capadty ' ^ given and briefly discussed 
(Pamphlet copies not available.) ussea. 
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an ever-enlarging fiel^in^mJiKrft . y , ears vacuum tubes have found 
gas filled electron tubes“p^dS m » re "«* 
better suited to his n7ecfe AmL^+u wi ^ a tool even 

features of the gas or vannr fin a 1 ^ °utstanding engineering 
phanotron has Ln ap^d) SitEj (t ° «* »« 

through the movement ^'electrons' amnions' fuactions , of whic h* are performed 

ranges'99 p» ce'S? 1 * power is hi » h - Tube efficiency 
3. Control is flexible and the power required for control is sma l,. 

* may funedw Sde b^cjde m ‘ntSittS^tho^th^ *“ a ^ dition ’ the *■*»• 
the operation of mechanical device^ th ° Ut the wear that accompanies 

6. Noise and vibration are entirely absent. 

several huLdreZ^p^M 0 ' 17 * S avai,ab,e in the ran Se from a f«v milliamperes t<? 

tw^eErm'staX £KE* l T etotal -» the 

which the Starting of the co^cti^* Pf. phanotr °n tubes’in 
statically by the adionSontor ls controlled electro- 

sa. a afttjaasaSggas; 

sS 3 & 33 K“r“s= 

rent into alternating mverters changing direct cur- 

£ 5 SSSsS 3 ? 5 ssfflHS 

copies not available.) g n enser current - (Pamphlet 


Subharmonic Frequencies Pro¬ 
duced in Non-Linear Systems 


By 

W. M. Goodhue 2 


1. Brown University, Providence, R. I. 


• 0r ’ ** true ft“damcntal haIancc?hiSm S 

V^on^f pSofX a 

ln that a single non-linear d“vTce s “has a 

? b * 6 ° P f atmg on a c urved characteristic, usually comSte 
n^r? f “ put * consisting of third and fifth harmoniesmilv Sto 
tb f S damentel A C T p0nent - This is distinct from detector acti™ 

which occurs at the same time and yields a second h^onic ^d 


2. Genl. Elec. Co., Schenectady, N. Y. 
d. Harvard University. Cambridge, Mass. 
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also from modulation which requires two stages of amplification, one 
. acting as modulator and the other as detector. • 

For moderate amplitudes, a Taylor’s theorem expansion of the 

• characteristic of the non-linear device is employed and resulting 

formulas for fundamental and harmonics tabulated for an input of 
tvfo Ijarftionics of arbitrary frequency, magnitude, an<i phase angle. 
The Taylor coefficients qf the power series expansion whjch are in¬ 
volved in the resulting fonnulas are determined graphically, as the 
graphic method is more informative, less troublesome, and more 
accurate than attempting to obtain directly the cubic equation by a 
three point method, etc. The effect studied is essentially a third, 
order effect. r 

* c F° r large amplitudes the method is entirely graphic, and even 
ordinary methods of wave analysis are not suitable due to the small 
fundamental and large harmonics. Graphic integration is employed 
and comparisons mSdetrf r.m.s. value, average value, aijd magnitude 
of fundameptal. Also an example is worked out with an iron alloy 
(linking'a coil) instead of the vacuum tube amplifier. Usually* 
the effect with jnagnetic materials is further complicated by eddy 
currents and*cyclic loop effects. (Pamptyet copies not available.) 


A General TJieory of Systems of 

Electric and Ma 3 netic Units v K a r a petoff< 


Generally it is conceded that the present situation 
in regard to the electric and magnetic units is far from satisfactory 
for the following reasons: * 

* e * 

} Two or three systems of units are in general use (C.G.S. and practical) at 
least two more are employed by some prominent writers (the Gauss system and 
the Heaviside-Lorentzrsystem) and new ones are occasionally being proposed. 

2. The absolute magnitudes of some units fixed by international agreement or 
in general use otherwise are considered as being too small or too ferge by some 

investigators who urge the adoption of smaller or larger units. 

3. There is an appreciable disparity between the “absolute” C.G.S. units and 

the corresponding “international” units. na 

4. The-physical dimensions of the electric and magnetic quantities are believed 

by some scientists to be different in different systems of units. SomcphySs 
22? lt Intimate to assign an arbitrary physical dimension to a quan¬ 

tity; as, to assume absolute permeability for any medium to be a numeric. 


r 

A Proposal to Abolish the. 

. Absolute Electrical Unit System 


By 

E. Weber* 


„ , The FUNDAMENTAL discovery that the ratio of the 

absolute’* electrostatic unit to the “absolute” electromagnetic unit 
c ? iarge * Predicted as velocity, was apparently identical 
with the velocity of light brought about an unforeseen confusion 
m the field of electrical units. The use of various absolute dimension 
systems expressmg the electric and magnetic quantities by means of 
the three mechanical fundamental dimensions infln»r»ced the writing 
style of formulas and caused the introduction of arbitrary factors 

A veritable flood of articles and papers has been published in the 
important periodicals of the world, concerned either with a new 
system of electric and magnetic units or dimensions, or with a com¬ 
prehensive basic system of mechanical units. None of has 
succeeded as yet, because of the attitude of respect toward the classi¬ 
cal absolute" systems. This paper aims to prove conclusively the 
incorrectness of these classical dimension systems and to propose 
natural systems” which, it is hoped, may finally settle the differ¬ 
ences and put the electrical unit systems upon a sound basis. 

The absolute dimension systems expressing the electric and mag¬ 
netic quantities by the three dimensions of mechanics are shown to be 
incorrect since the consequent use of proper mathematical statements 
eads to impossible results. However, the definitions of the abso¬ 
lute units, as well as the "practical” units in electromagnetics have a 
sense quite independent of the dimension systems. It is shown that 
the simplest and, as it seems, apparently the only true solution is to 
extend the two mechanical dimensions systems, known as whtiif fd 
and physical systems, into the field of electromagnetics by adding a 
new fundamental electric dimension. This gives two electrical 
systems, the electrotechnical dimension system with all the practical 
units and the ,electrophysical dimension system with all the ab¬ 
solute units. (Pamphlet copies not available.) 


Performance Calculations 
on Induction Motor* 


In this paper it is pointed out that a system of electric and mag¬ 
netic units may be shown to be characterized by five parameters- 
namely, a numeric n which gives the ratio between the nominal 
density of electric displacement used in that system and the true 
density; a numeric p which gives the corresponding ratio for mag¬ 
netic flux densities; a physical conversion factor k which converts a 
jpven volume of current into the corresponding magnetomotive 
force; the absolute permittivity *; and the absolute permeability 
p. On the basis of these five parameters, the principal fun dam ental 
equations^ of electricity, magnetism, and electromagnetic waves are 
written in what is called the general system of units without assign¬ 
ing definite values to these parameters. It is shown also that the 
five parameters must satisfy the equation vk = where v 

1S *7 e velocit £ of propagation of electromagnetic waves in that 
particular medium to which k and/* refer; otherwise the five parame¬ 
ters may be chosen artibrarily. 

_ By giving these parameters specific values, seven different systems 
^ e i d ^ V o : na T ly * electrostatic, the electromagnetic, 
( f auss * ***. Heaviside-Lorentz, one which the author 
calls the compromise system, and the ampere-ohm system introduced 
y him some-,0 years ago. The characteristics, the advantages and 
the disadvantages of each system are briefly discussed, aJd’it is 
shown how to deduce a new system of units from the general system 
At the end of the article a discussion is given on the physical di¬ 
mensions of various electric and magnetic units. It is stated that 
four ftindamental umts are necessary for a system so that if certain 

uXi?'* r a Si, ai i ld 3 me mtervals are take 11 as three fundamental 
w eCtr i^ " magnetic unit must be added, for example 
^e permittivity or the permeability. In the ampere-ohm Wtem 
tyu mechanical fundamental units axe used, the centime^ and the 

the ampere and the^hm Phy S ! 
ical dimensions of k are unknown. (Pamphlet copies not available.) 


By 

C. G. Veinott* 


, The MEANS given in this paper for calculating the 
performance of both single phase and polyphase infliction motors is 
intended primarily for calculations from previously determined 
design constants. By actual trial the methods have been found to 
be very easy to learn and use even without a knowledge of induction 

motor theory, and are very rapid. 

In the past many of the popular calculating methods for induction 
motors made use of various forms of circle diagrams, charts, families 
o curves, etc. Both methods developed in the present paper are 
arrived at by a simple straightforward use of complex algebra, 
and consist of the filling in of the blank spaces of a calculating sheet 
especially prepared for this purpose and which can be incoiporated 
on the regular design sheet. The methods are inherently as ac¬ 
curate as the best methods proposed to date, and are more accurate 

w-* 16 ol< 5f methods - Further, they are well suited to 
rough calculation, ordinary calculation, or exact calcuktion. 

The single phase calculation method is based upon the cross-field 
theory, the principle being to set up and solve by the algebra of 
complex quantities three simultaneous equations for the currents in 
the three circuits of the motor; namely, primary circuit, transformer 
rotor ' “d-'the secondary cross-field circuit. The new 
method is faster than previous graphic methods, and also is more 
accurate. The independent variable is the rotor speed. 

The polyphase calculation method is based upon the equivalent 
Circuit and the equivalent circuit is based upon the revolving field 
theory. The independent variable is the slip. As it is not necessary 
to compute the large number of curves required for some of the pre¬ 
vious methods, an enonnoUs amount of time and labor is saved. 
Furthermore, the method distinguishes between primary and 
secondary leakage. (Pamphlet copies not avaikble.) 
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Measurement of Stray load Loss * 
in Polyphase Induction Motors 


By \ 

C. J, Koch* 


% 

» -f~5 

efficiency tests for Induction motors £?L AJ ' E ' E ' sfauidaid 

from 2 to 6 per cent in soSrS * c !° sses may to 

losses themselves to be shlS iJf ^ WMdd pennit 
mately to be reduced greatly. t sivelr “d Perhaps ulti- 

ei«teI^rtadS' , 1 , ndS , nJXi° S ^ T* * C,MSifled “ 

loss in the motor, substracti™oVth?^ “^e* 0 °*f**te the total 
the stray load loss. Best known am™ v ° nven ^ on ^ losses yielding 
Perhaps is the input-o^SS ' methods 
these losses are based UDonT n, B - 1 methods of measuring 
rotor or stator wSgTLSted ^T g f 0Cedure: Either the 
excited winding short-circuited- the cu 5 rent with un- 

chronous speed and Se^owSL^ to • rev ° lved at syn * 
stray load loss then is dete™Sf£ ^ 13 measured. The 
required to'drive the rotor in +h; y subtracting from the power 

loss< *» and also an amount of powSTqud to 7^1 ^ ™ d&ge 

* £ —me - 

squirrel cage motors of different sS "th^f T ^ Sllp ? ff 2 nd 
recommended: 12681 “ e fo owin ^ methods are 


% * 

Torque-Angle Characteristics 
. of Synchronous Machines 
Following System Disturbances 


By • 

S. B. Crary 2 
M. L. Waring 2 # 


Slipring Motors 

with the primarylvimHn^shortcircuited^an^su^ ** synchronous speed 

the secondary winding to cause Sold “ dt ? tion a PP'*ed to 

designate the power required as W From th a t0 c ? rcula * e ln the primary; 
rections necessary for differences in h e d -c- resistance (making any cor¬ 
and designate this as T. perature) determine the primary I*R loss 

tiring TurrenlTand deten^e^'^!uSu|j im “ y curre ” t equal to the magne- 
these latter are designated W 0 and rlspeSivSy!" reqWred “ d the J * R ,OSS; 

3. The stray load loss, then, is equal to W-Wo-T+To 
Squirrel Cage Motors * 

leaving the third openf°the amount'of'direct 8 tW ° t* the . stator terminals and 
full load alternating current £e”S,i na f Un^T requ “, edis L22B times the 

rzrr to r ° , “ e *• w. 

nomal frealSSEd'S?'tXSt’Ew'volumesot 
nunal. and measure the starting toroue thi« 5 ful ! load curren t per ter- 

ness of the torque obtained is giveAy the fact thut^V A f heCk on **“ correc t- 

ssss? 

3SJ . ^55J3 5-5-5 

a - —*— 

T 9 m T ( Magnetizing Current \ 

\ Full Load Current J 

4. The stray load loss is then equal to W - W 0 - T + T 0 * 

depend^SewS^S." SS of S^r'VS “ 

pla< * ^ arise due to incXet , 
wwnminauons or conductor temperature. However if 

wiS e t S he f stoticfriSor ed F the SmaU t0rqUe prodllced *» comparison < 
wnm rne static friction makes accurate values difficult to obtain rt 

M1 } 0ad -rmalf; be used for s'uirr j £ 

currant a earin *’ motors, while values of 150 per cent full load f 

SffiE rs ™'" 1 f ° r n0mal ^ on sleev ® besSag raotora J 

inw«j« < rf+ ggeS ^ d tha ^| after confirmation or modification by other e 

7£eT^n ™T°f S 0Ut [ ined be taken - * basis tor revHon 
indn/v*- I,Estandards > such revision to require the Wi m j o n Q f ! 

(Pamphlet ££ ^aUable.) 0 ^ * det —on. p 


' cbpnoo, I“ tae ?S£t«°cLS' ‘ the - s- 

tem dfetmtapce is booomiog to «<*>- 

In determining this behavior it ic J i terestmg and important, 
characteristic of the given machine t0 ^°. VV the to rque-angle 
disturbances of tirious ™ ch “« un dercondit,o n s resufting from 

turbances am va^S !* sm l dis ' 

amount of external reaetanao Q a * * orc *, u ^' potation -voltage, 
afey t^ry in either magnitude' or 

authors. It iTth^ p^ose of tofet'Srt by vario “ s 

establish general equSons ’W P a Per to 

equations Starting with +b t, j lcb ma y be derived specific 

vlped^neX* .1“ ^ dC ' 

quence torque of a synchronous umchinesubse^eS^ g££ 

1. Switching in or out of a connecting line. • * 

2. Occurrence of a balanced three phage systeip fault. * 

ck ‘f? “« bq determined at any SiS ^ ^ 

SS=S=r-S“. 

«s to the effect of ihese t^S^ *o dra W any generaf <imcl«*ns 

of^SilS ^<5S e atTa r nd n th a f Ual ^ ««* 


Field Tests to Determine 
the Damping Characteristics 
of Synchronous Generators 


By 

F. A. Hamilton, Jr. 2 


Aprii, 1932 


w«i f y=r d 

o calculation and extension of existing theory * 

Sy^urr^r'^ avadabie) 
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Design of Capacitor Motors 
•for Balanced Operation 


By 

P. H. Trickey* 


^ * T 

The PRESENT methods of calculating the full load 
performance of capacitor motors are quite long and tedious. A 
simple convenient method of calculating full load conditions is given 
m this paper, including the necessary theory and formula*. 

It is agreed generally that a capacitor motor should be designedato 
operate under nearly balanced conditions at full load. This m^n 0 
that there shall be no transfer of power from one phase to the other 
and the rotor current shall be balanced. With such a design, each 
phas # e produces equal flux and the rotor operates as if it were in a 
two phase stator.* The theory presented in this paper is based upon 
balanced conditions, the method being useful only when the starting 
torque required is not too great. In many cases the starting torque 
requirements .determme the winding, and the motor must operate 
slightly unbalanced at full load, with th$ resultant circulating current 
and lowered efficiency. (Pamphlet copies not available.) 


9 ~ 

The Electro-Matic 
Traffic Dispatching System 


Two general tjrpes of systems are used for planning service: the 

loSt^r^^ i 0 ^ 6 type conMer ™ith no timing devices 
d 1 the “dividual intersections, and the second, that which 

cZtlnlW . C ° ntroU ? r at a oater point and an individual 

controiler at each intersection. All of these controllers must have 
facilities for adjusting the time of each cycle of operation of the sig- 
nals at any intersection from a central' point, the percentage of the 
cycle taken by go’ and “stop” signals must be adjustable over a 
^I ange ?“ d “dependently, and the start of the cyde of operation 
at “ y ? na “Action should be completdy adjustable. 

control 'device!!** ^ in ** y flexib ^ Progressive 

1. Minimum maintenance expense and service interruptions. 

2. Facilities for manual control. 

*' “———"»»• 

4. Adjustments which can be understood easily and made over a wide range. 

LS dm^c“is° f c£gS! ber KSht Sh ° Uld DOt iOCreaSe ° r decrease «*. 

a centraTpoint Id ** Pr0Vided f ° r ^ergency signal's by control from 

wh«?Us S ve°rv heaw«r ded 5 a « omm °dating traffi * during times of the day 
wnen it is very heavy on a particular street. (Pamphlet copies not available.) 


By 

H. A. Haugh, Jr.* 


Vehicle actuated traffic dispatching systems may be 
used by which the traffic in a given area controls itself By this 
means the deration of the green light period at any intersection fe in. 
proportion to the volume of traffic on each approach. A smooth 
few of vehides unreduced which uses the intersection efficiently. 

• Tbl3 system of traffic control consists of three main parts; namdy 
the detectors, the signal lights, and the dispatcher. # The detector 
may be any one of several types, such as a mechanical switch located 
tn toe pavement, an dectromagnetic unit, or a beam of light which 
will be interrupted by approaching vehides. The mechanical type 
lias been found to be the most practical. 

a This dispatching device for this type of system must be of extreme 
flexibility, and the timing of the signal light cyde must constantly 
change to meet the irregular demand oI traffic. This operation is 
secured by a group of time-ddayed relays, combined with a switching 
mechanism. The resulting operation is similar to that which would 
be secured by having a traffic policeman at each comer, and the 
speed and amount of traffic, length of time which a car has to wait 
and such factors, all are taken into consideration. The right-of-way 
is yielded to cross street traffic when the intersection is dear, and 
even when it is not dear if the cross traffic has waited for a predeter- 
mned period. However, moving traffic is never interrupted unless 
the right-of-way has been called to the cross street by waiting traffic 
or by a # Pedestrian period.” (Pamphlet copies not available.) 


A Recent Development 
*in Traffic Control 


By „ 

H. W. Vickery’ 
V. W. Leonard* 


The Flexible Progressive 
Traffic Signal System 


, , ^TIMING device containing new features and having 

extremely wide ranges of adjustment recently has been developed 

® eans fo 5. meetin £ the problems encountered in controlling 
present day vehicular traffic. 

of a %***£ “ P I 0vided to *“** Progressivejelations 

t ? ereby ’ ^ Progressive rdation can be changed 
. to ? Ive * ** sample, ideal progression of traffic into a city 

m the morning, and out in the late afternoon, with average oro- 
gr^rion in both directions at other hours of the day! P 

tiJrinl drfv !S by ? syn ^ hronous motor. Thus, accuracy of 

oaT? settings is assured. A gear shift unit in which the 

° r from a remote poiat gives Provision 
time cyde. A solenoid operated drum con- 
t^ng a predetennmed arrangement of cams opens and doses the 

Si, 1 ?? arCUltS - Any of the modem color* sequences can be 
taiwf K d pr ° per arrangement of the cams on the drum. Momen¬ 
tary, by keys in a cyde percentage dial, a revolving switch is dosed 
a given number of times each cyde. Thus, impulses are supplied 

^J£S« dr ? 1 ?l, S0le ^ 0ld 811(1 drum is adv anced through the various 
penods of the color sequence. By proper arrangement of the keys 
any desired percentage adjustment of these periods can be obtained. 

Zt timer ’ operated over the same wires 

"E"** ^ gears, gives provision for remote 

rntr ol .of shut down, flashing amber, and fire control. (Pamphlet 

copies not available.) 


By 

H. 


Turner 7 


1 + FLEXIBLE progressive traffic signal system usually 
makes it possible to tone signals so that traffic may move east and 
west, as well as north and south, at predetermined uniform speeds 
without being obstructed by a “stop” signal after once.havi£ ££ 
a go signal. The planning of such a system is a matter that re- 
^ui^most mtelhgent study and one which yidds results Well worth 
^ Traffic-actuated equipment sddom can be justified 

ov« P^-tuned equipment, as in a great majority of congested dS- 
SSwS coordination of the movement of traffic throughthe enthe 
district is of mcomparably greater importance than the most effident 
movement of traffic at any few intersections tak en bythe^S 

7. ; Eagle Signal Corp., Moline, Ill " ~~T “--— 

8. Automatic Signal Corp., New Haven, Conn. 
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Tfic Traffic 
Flow Regulator 


By 

C. H. Bissell 1 ® 
J. G. Hummel 7 ’ 


r , ' ■ ? RA ? TISE of assigning a definite period for the 

^^. gr , een bghta J “e* 1 baffle signal, and keeping these periods 
Mutant throughout the day and week, is subject to serious criticism. 

TnnwS? ?**!?*-“* co ° g ? stion are caused, and the obedience, of 
motomts to traffic signals m general may be broken down. 

ff** 8 ^ ve demonstrated that there are very definite 
traffic peaks and valleys for each week day as well as for Saturdays 

a ~ - — ■ ■ — _ 


9. Genl. Elec. Co., W, Lynn, Mass. 

10. Crouse-Hinds Co., Syracuse, 1*. Y. 


Ebbctricai, Enginbbring 





"ft «j*nse 

automatically^^ugh^ny predetOTifald 1011 '? *° J My **“ ‘““big 

device may be set togivea £SS f? d \ ^or example, the 
of periods throughout the dav 9 «ri n?* 1 a , t ,. eacl1 of alar £enumber 
different days of toe In %L£l S f£? g may . be varied for 

frequently are encountered, and for thS’e “ ndidons 

compensation. A system of extreme device allows 

(Pamphlet copies not available ) exibihty is thus secured. 
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The Solution of Circuits 
Subjected to Traveling Waves £W„„ 


Double Conductors 
for Transmission Lines 


By 

H. B. Dwight 11 
E. B. Farmer 11 


tors, censing .Slrr doable conduc 

first by mctX j“" d “ rt0r h “' 5 a ' ew ta “bes below the 

larger conductor. With’this douhl nUmb f\ of advantages over one 
tors are electSy in pJaUelX5? constr ^on, the two conduc 
large croes-section““dactm of 
crossarms. In some cases wW* +i,f • numb ® r °? msulato^s or 
safety, it may be found desirable +!?^iV S * mecbanical margin of 
present single conductor &dd a secon d conductor to the 

co^S^efTSb^r? <»“y tb. uae of doable 
most entire ° r a], 

capacity of nearlv 30 n#>r • ’ n mcrease in current carrying 

10to 25 per ^t and'* C ° r01ia ^eofSZ 
conductivity andpowtr ratCwkhonf 6 ° mc * tui ^ to add to toe 
The advantages are^? ZZ, ^ scrappm £ ** old conductor. 

mechanical features including f, lanced agamst ^ extra cost due to 
additional wind and ice load ? —* ° f strin giuS. and 

the greatest disaXanXge tiieZ ^ease mice load is possibly 
interest to sou^d^cu lZe i^ f™ d ? Ctors is <* **atest 

* “2 cafculati ° a of the elec, 
enablecomparisonsXith otoCS transmission lines, which 
copies not aSj 9 7 ^ 


ratus usually 2 SSy^ed^m^^HLS^ * PP *' 

SKST* ZSSZfZt" *syj&fc\ss 

by consideri13?™ y J* m service. 

These are intended to approrimate the '*£’**“' 

XZSSZJfSZ’C f"?; .• 

frith which' Ztm'SLtatoi 0 P fT *? m “ Strate ““ a “uracy 
stantiated by test results For Raveling wave theory are sub. 

2 miles long waTiXd r h purpose a transmission about 

Placed 8ft lme , COnsls ting of parallel conductors 

at toe laWt^w^e S^toeXeX-° **“* b<>th ^‘terminated 

ray oscillograph wer?WeX“**»* 
used including the ^.™****** were 

pedances and transfomJrs ° ** hghtning waves to ™- 

*J££Eff“25£ &>“”«■ rd ^ i tbe wave 
ties exist in thSe^TSj^SSSf Many 

to a sufficient degree of accS^X-XV 7 ^^^ be reproduced 
mined both analytically andXp^imeX^X ?? Ct "J ay be deter * 
general the test results checked the enV.??^' ** Was found tbat in 
Relative importance of Setli ^ulations Very Precisely. The 

also are discussed, and it is pointed outThat^StSn S to^ W *T 
neglected. (Pamphlet copies not available $ ** be 


Corona Limit, Transmission Characteristics, 
and Method of Loading Multiple 
Conductor Lines for Very 
High Voltages * ' ® y , 0 .. 

C. A. Boddle 18 


Three Phase 

Multiple Conductor Circuits 


By 

Edith Clarke 


££ hfhSFr?^ received conSbk “f 

paptWtorftaSt U “ 3 “ d ^ i» «i 

ttsrisastts s 

.^ba^h^IC^cS^^ * r “°° 

Ki™ f^aTa^f “ ranf!ema,ts rf *b= conductors, cnrvhs are 

Starting voftatt^'rbr^^T^ 1 ’^ 47 ““P^ce, and corona 
suurung voltage. Throughout their practical range these m «,. e 

show toe effect of variations in conductor diameter fpacing be w n 

phases and between conductors of toe same ph^f^Vo 

foirn, and five conductors per phase are SSJSSZ ' 

with rSXtT if made ° f multiple and single-conductor circuits 
^ h b^ 2Sd Jt^? ng CUrren , t ' Voltage at 110 load * Power which 
let c^es'ot aTaUabtr" 6 ^ “ d 

---«___ 

J1 - Mass - Inst, of Tech., Cambridge, Mass.’ ^ - 

Aprel 1932, * 


and pracJf methM^thLfS, " *° discms a si >hple 
may be fnmStZZg., ???"?** trMsmissi »” ''oftages 
de(4nen« 5Sf^?,L“ d P °“ 0ut a ” et b 0 < 1 °< avoiding the 
the use ofve£ hSbvota^X c ^? ts attendant on 

SS5SS§?«sSS» 

•Jsryisw td f ,? e “ ab,y 

22*r ^ ^^o^Sve^S.' 
ecSS^S nS&T* IT 10 be k k rtStS 

toe continuitv if „ q . uestl on of duplicate lines as affecting 

elnsinn bll? • “ , ce m some cases tend to modify this con- 
the most re m geaeraI the fewest possible number of circuits gives 

ir£S? b ^ 5 S^2i£“ SS: 


^ - Mass, 

e Electro Physical Laboratories, Wilkmsburgh, Pa. 
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North Eastern District 
to Meet at Providence 


I HE EIGHTH annual meeting of the 
North Eastern District of the A.I.E.E. will 
be held at Providence, Rhode Island, May 
4r-7, 1932, with, headquarters at the Provi¬ 
dence Biltmore IJotel. The* committee has 
arranged an attractive program co nsisting 
of four technical sessions, inspection trips, 
a banquet, entertainment features, and a 
special program for the ladies. Another 
important feature of the meeting will be the 
student program scheduled for Friday, 
May 6. The technical sessions cover a 
variety of subjects. There will be a sym¬ 
posium ojj traffic control, a session arranged 
by the committee on electrical machin ery, 
0 .ne by the committee on power transmis¬ 
sion and distribution, and a session on 
selected subjects. 

Providence, the capital of Rhode Island 
and the southern gateway to New England, 
enjoys exceptional shipping facilities to all 
parts of the world. Situated at the head of 
Narragansett Bay, 30 miles from the ocean, 
it occupies a strategic position r as a port for 
both foreign and domestic commerce as well 
as a point of inland distribution; it is the 
second largest oil distributing port on the 
Atlantic seaboard. The city, itself, has a 
population of approximately 350,000, and 
within 15 miles of the city hall there are 
more than 700,000 inhabitants, The com¬ 
munity enjoys 59 parks and playgrounds, 
the Roger Williams Park with its chain of 
lakes being considered one of the most 
beautifpl parks in the country. 

^ Providence is the home of Brown Univer¬ 
sity established in 1664 .and seventh in age 
•among American colleges with an enroll¬ 
ment of approximately 2,200 students and a 
faculty of 200. Pembroke College for 
women is a part of the university.: Provi¬ 
dence College, the Rhode Island College of 
Education, the R. I. School of Design, and 
the R. I. College of Pharmacy all are located 
here. R-L State College is at Kingston. 

Industrially, Providence ranks high; it is 

the cjmter of a state which has 55.1 per cent 
of-its workers engaged in machine trades. 
The Brown and Sharpe Mfg. Co., makers of 
tools, the Nidholson File Co,, American 
Screw Co., and Gorham Mfg. Co., makers of 
sterling silverware, all located in this city 
are the largest in the world in their respec¬ 
tive fields. The rubber industry -also has 
good representation by seven large plants 
producing rubber footwear, medical goods 

®° me °f the largest plants 
of the U. S. Rubber Company are located 




. 
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South Street senerating station of the Narragansett Electric Company Providence one of 
argest steam plants in New England. The installed generating capacity is 225,000 hp. 


The Narragansett Electric Company, 
. largest unit in the New England Power 
Association, serves most of the entire cen¬ 
tral and southern sections of the state, the 
southern part being served through a sub¬ 
sidiary company, the South County Public 
Service Company. The Blackstone Valley 
Gas and Electric Company serves the 
northern section and the Newport Electric 
Corporation the islands of Rhode T g i q n ^ 
and Conanicut. A network of transmission 
lines, steam and hydroelectric stations give 
to Rhode Island the benefit of an abundant 
supply of electric current. The Providence 
Gas Company established in 1848 serves 
about 82,000 customers in Providence and 
suburbs. 

Entertainment Features 

Wednesday night will witness the "Gath¬ 
ering of the Clans.” Provision will be made 
for informal get-togethers *nd reunions, 
card tables will be available, and supper 
dancing may be enjoyed, in the Venetian 
Room of the Providence Biltmore Hotel. 

_ Sock and Buskin, the dramatic org anic , 
tion of Brown University, is endeavoring to 
arrange a performance on Friday evening 
for the Institute members and ladies. 

To the gdf playing members there will be 
available the facilities of the Wannamoisett 
Country Club, a ranking course over which 
the Professional Golfer's Association ^1931 


played off their championship. Tennis 

facilities will also be provided. 

r .• . • 

Banquet 

• 

The banquet will be held Thursday 
evening in the main ballroom of the Bilt- 
more. Prof. William H. Kenerson of the 
mechanical engineering department of 
Brown University will act as toastmaster 
and William S. Lee, junior past-president 
of the Institute, will be the speaker of the 
evening. Both President C. E. Skinner 
and Vice-President I. E. Moultrop will 
address the meeting, and the District prizes 
awarded for papers given in 1931 will be 
presented. At the conclusion of these cere¬ 
monies there will be dancing until 1:00 a im. 

Ladies’ Entertainment 

The committee for the entertainment of 
tiie ladies has prepared what should be an 
interesting program. It is planned to spend 
one afternoon in colonial Rhode Island, a 
share of which still maintains its 
original appearance. This will be rounded 
out with a tea in the historic mansion now 
housing the Handicraft Club. A luncheon 
and bridge at one of the city or nearby 
coimtry dubs also is contemplated. Trips 
to Roger WilliatUs Park and other points of 
local interest will be arranged. Golf courses 
and tennis courts will be made available 
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to aU ladies interested in those departments 
of sport. • , 

Inspection Trips 

Inspection trips are‘scheduled on the 
program for Thursday * afternoon and* 
Saturday morning. In addition, a special 
top for the students is being arranged for 
friday afternoon. 

Full details of all trips will be announced 
later and posted on the bulletin board* 
Among the places of interest which may be 
visited are a generating station and sub¬ 
stations of the Narragansett Electric Com¬ 
pany and the Gorham Manufacturing Com¬ 
pany. The engineering laboratories of 
Brown University will also be open for 
inspection. Several other trips also are 
being arranged. 

Registration 

All who plan to attend the meeting should 
register in advance by mail. A card for this 
purpose will be sent to all members of Dis¬ 
tricts 1 and 3 before the meeting. Members 
. Jould complete their registration after 
arrival at the meeting so as not to miss the 
opening' session. There will be a meeting 
tee of one dollar for members and fifty 
cents for students. y 

All who register in advance will be sent a 
road map of Rhode Island and a map of 
tiie downtown section of Providence show¬ 
ing headquarters and convenient parking 
and garage facilities. 8 

Hotel reservations should be made by 
witmg directly to the hotel preferred. 
Ratesjfor the headquarters hotel, Providence 
Biitmore, as well as several other recom¬ 
mended hotels are given in the accompany¬ 
ing table. y y 


A Gbnbral Theory op Systems of Electric 
D,nis ' V - C»r«ll 

10 AaoL[BK *■» Absolute Elec- 

* Web "- Br °° a v 

\ 

2!00 i£^S"‘ d “ 1 "““"“T-*- L. Mw. 

mS Co. C ' °‘ V Westmghouse Electric b- 

C°T ^ YPHASB Induction 

ivioioRS, c. J. Koch, General Electric Co. 

M1 3f RS »^ B * ANGLB Characteristics of Synchro¬ 
nous Machines Following System DiS^ 

si 1 ^ “ d m - *">“*■ szs 

Field Tests to Determine the Damping 
haracteristics of Synchronous Generators 
F. A. Hamilton. General Electric Co . S ’ 

oSSn°p^ P ^ Motors for Balanced 
& Mfff. Co ‘ Cy ‘ Westin S*°use Electric 


“"SiwSSr* °^"“ ce •* 

. • 

2:00 p.m.—Student Inspection Trip 

2:00 p.m. Transmission P. H. Chase, chairman 
w D i ,u ^' B .C onductors for Transmission Lines 

C “" TO - 

h , C S‘” ™ 

Co Q wavbs, H. L. Rorden, General Electric 

a LnaT ’ Transmission Characteristics 

^L M ® hod ot Loading Multiple Conductor • 
Lines Designed to Operate at Vbry 

LabI A ° B ’ C - A> Boddie - Electro Pineal 

7:30 p.m.—Entertainment Feature * . 

(To be announced at the meeting) 


Technical Program 


Abstracts of all papers to be presented at 
tiie meeting are* given on adjoiningVges. 
Pamphlet copies of these papers are not 
available. 

AH technical sessions and the opening 
of the meeting will be held at the Providence 
Biitmore Hotel. Breakfast meetings will 
be announced on the bulletin board near 
registration headquarters and will be held 
daily for authors and chairmen of the tech¬ 
nical sessions scheduled for the day. 

Wednesday, May 4 , 

9:00 a.m.—Registration 
9:30 a.m.—Opening Session 

*T°^ n l nfiaddress ~ 1 ' E - Mouttrop, vice-president 
North Eastern District, A.I.E.E. ' 

^WeJconil , l, remarks- -James B. Dunne, mayor of 

Greetings—Leighton T. Bohl, president of Provi¬ 
dence Engineering Societies V ‘ 

Selected Subjects—Prof. V. Bush, chairman 

bSSoSS* lmm ’ * To ”» ki ”*' 

Engineering Features of Phanotron Tubbs, 

H. C. Steiner, A. C. Gable, and H. T Maser 
General Electric Co. Maser> 

Suershmonic Frequencies Produced in Non- 
vertfty SySTBM8 ’ ^ M ‘ Goodhue, Harvard Uni- 


8:00 p.m.—Informal Reception 
Thursday, May 5 

9 ' 00 T™ S SSr “ TrafflC M. 

Cot J T d .n," ; Airoa, „ TW, C 

Institute • Goodr,ch ' President, Traffic 

•Mskjsksjss s “- 

H. WAniSlSTw 7 ™ T ?*”‘ Q Cora*. 

Co Vickery and V. W. Leonard,- General Electric 

Traffic Flow Regulator, C. H. Bussell and 
J. G. Hummel, Crouse-Hinds Co, 1 d 

12:00 m._District Executive Committee Luncheon 

2:00 p.m.—Inspection Trips 

6:00 p.m.—Banquet 

Friday, May 6 

9:00 a.m.—Student Technical Session 

^A|W-W1«I„ S. U., jmio , p. !t . prelW „ ti 

Awarding of Prizes 


9 

Saturday, May 7 

Meeting rooms have been arranged for continued 
sessions of any part of the technical program. 

. local comjnittee is planning an-all-day trip 
details of which will be announced later. 

. • 

Rules on Presenting and 

Discussing Papers 

At the technical sessions papers will be 
presented in abstract, ten 
^owed f °r each paper unless otherwisf 
arrmiged or the presiding officer meets with 
the authors preceding the season to arrange ’ 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any pap* 
w en the meeting is thrown open for general 
discussion. Usually five minutes is allowed 
to each discusser. When a member signi¬ 
fies desire to discuss papers on other subjects 
or groups he shaH be permitted a*five- 
ffltiiute period for each subject or group. 

# 18 Pr&erable that a member who 
wishes to discuss a paper give his n«.mi» be- 
fore hand to the presiding officer of the 
sesaon at which the paper is to be pre¬ 
sentee*, Copies of discussion prepared in 

officer 06 Sh0Uld be left ^ P^ding 
Each discusser is to step to the front of 
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The Mall—heart of the business section of Providen<.^u l- , . . 

U F * <, *"l B«'ldI„ S . Th. Pr ov W« nc . Me rf’Sh,'”]!, ,f °.T f** 

station being slightly further to (he right ^ <h ® Un OI> 
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the room and announce, so that all may 
hear his name and professional 

• • 

# Committees 

District Meeting I. B. Moultrop, chairman, vice- 
preqjdent, North Eastern Dist.; A. C. Stevens, 
secretary-treasurer. North.Eastern Dist.; C. W. 
Henderson, chairman, Student Counselors, North 
Eastern Dist.; O. W. Briden, R. W. Gfaham, 

W j » ^ ocks - p - MeCann, R. G. Warner, 
and F. C. Young. 

Local W. S. Maddocks, chairman; O. W. Briden, 
secretary-treasurer; R. W. Herrick, Mrs. R. W. 

• K ‘ eene3r ’ L - p - Kenneally, and 

• J. C. B. Washburn. • 

Registration—O. W. Briden, chairman; 
R. W. Allen, L. P. BcpauR, A. S. Kirk, E. E. Nelson, 

o' r T ? a 5 ton ’ °* E< Saw y er * F - N. Tompkins, and 
R. J. Undecwood. 

Finance—J. W. Keeney, chairman; W. W. Broad- 
bent, and O. W. •Briden. 

Inspection Wrips and Transportation— J. £?. B 
Washburn, chairman; P. W. Browers, P. L. Carroll! 
E. B. Curdts, R. W. Eaton, L. E. Fogg. J. E. Hall. 
C. H. Parker, and G. U. Parks. 


Sports, Entertainment, and Banquet—R. w Her¬ 
rick, chairman; E. S. Esty, M. V. Gardner,‘i. W. 
Kmght. J.*. O’Brien, W. C. Slade, T. G. Webber, 
and J. W. Young. 

M r0gr !?"^- 3' H “derson, chairman; 
W. B. Hhll, and L. W. Hitchcock. 

Publicity—L. P. Kennealiy, chairman. * 

Ladies Entertainment—Mrs. R. w. Herrick 
chairman; Mrs. R. W. Eaton, Mrs. W. S. Mad¬ 
docks, Mrs. W. C. Slade, and Mrs? J. V. Young. 


Hotel 


Single * Doubl/s 


Providence Biltmore. .$3.50-$7.00. .$5.50-810.00 
(With bath and 

shower).$5.00-$8.00.. $7.00-$12.00 

Narragjnsett.$2.50* ..$4.00* 

$3.00-$3.50..$4.50-$5.00 
Crown.$2.00* ..$4.00* 

$3.00 $6.00 . 

Way land Manor 

(Family Hotel).$3.50 $5.00 

Apartments, 3 or 4 person s, $2.50 per person 

* Rooms without bath. 


Great Lakes District 

Milwaukee Meeting Exceeds Expectations 
« • 

As a fitting tribute to the various com- Technical Sessions 


a fitting tribute to the various com- 
mittees that$lanned and handled the meet¬ 
ing of the Great Lakes District (No. 5) held 
at the Pfister Hotel in Milwaukee March 
M-16, the attendance and participation in 
the meeting activities exceeded even the 
fondest expectations of those in charge of the 
work. The whole program of activity for 
tiie meeting was well conceived, and organ¬ 
ized -for the greatest convenience of those 
attending. Technical sessions were held 
only in the forenoons, Monday, Tuesday 
and Wednesday, with the single exception 
of the student technical session which was 
held Monday afternoon. An attractive and 
carefully managed program of inspection 
trips provided those in attendance with 
afternoon activities which served as recrea¬ 
tion as well as to acquaint the participants 
with the interesting features of Milwaukee 
industries. The popularity of this program 
was emphatically attested to by the regis¬ 
tration of 662 members, Enrolled Students 
and guests. 

With credit to T. N. Lacy of Detroit, 
Mich., and to A. G. Dewars of Minneapolis, 
Minn., respectively vice-president and secre¬ 
tary for the Great Lakes District, for the co¬ 
ordination of District activities in connec¬ 
tion with the meeting, full credit for the un¬ 
tiring prosecution of the details so essential 
to meeting success, goes to F. A. Kartak, 
dean of engineering of Marquette Univer¬ 
sity* Milwaukee, vice-chairman of the Dis¬ 
trict meeting committee, and to the com¬ 
mittee organization which functioned under 
Ms direction. The general committee, in 
addition to those already mentioned, ’ in¬ 
cluded C. C. Knipmeyer of Terre Haute, 
Ind., student counselor for the Great Lakes 
District; J. F. H. Douglas, Fraser Jeffrey, 

C. H. Krueger, and E. U.Lasson, of Mil- 
vra-ukee, Wis.; F. R. lanes and F! H. Lane, 
o* Chicago, Ill.; N. H. Blume and L C 
Larson, of Madison, Wis.; and C.’ E* 
Skroder of Urbana, Ill. 


The Milwaukee tec hn ical program con¬ 
sisted of sixteen papers divided amongthree 
sessions held one each morning. For the 
most p^rt these sessions were operated on a 
strict schedule so as to balance the time be¬ 
tween presentation and resulting discussion. 
This program control contributed to the 
effectiveness of the sessions, all of which 
were heavily attended (as high as 300 per¬ 
sons per session). In so far as possible 
papers were grouped on the program accbrd- 
mg to their subject matter and expected 
appeal. 

. 0ne 5 ffort which undoubtedly contributed 
m an important way to the smooth and 
effective handling of the various tppbnw^ i 
sessions was the holding each morning 
preceding the session, of a breakfast meeting 
presided over by the chairman of that day's 
session and attended by all persons involved 
m the presentation of papers for that session. 
At these informal conferences last minute 
details involving the coordination of pres¬ 
entation and discussion were worked out to 
mutual satisfaction, and any special con¬ 
tingencies taken care of, all to the benefit of 
the. session itself. The technical program 
was under the direction of Prof. J. F. H 
Douglas, whose committee comprised L. R 
Mapes and H. E. Wulfing, of Chicago, Ill. 

E. Bennett of Madison, Wis., B. H. Clinger- 
man of Minneapolis, Minn., G. E. Lewis of 
Ann Arbor, Mich., and S. H. Mortensen and 
G. G. Post of Milwaukee, Wis 

* • 

Student Program 

The student program, in addition to ac- 
tive student participation in all meeting 
activities, included a Monday morning 
executive session of the student activities 
committee under the chairmanship of Prof. 

Jr x Emipmeyer, student counselor for the 
Great Lakes District. At that session there 


y ™ as 100 P*r cent attendance of Student 
:r ; Branch chairmen from the sixteen Branches 

in the district. Each chairman gave a re- 
n; P°* covering the year’s work of his branch, 
and also outlined plans and problems in¬ 
volved in future activities. An open forum 
discussion resulted in a highly desirable 
interchange of ideas. 

The student technical session held Mon¬ 
day afternoon was attended by 226 FnroH A (j 
“ Students, comprising an excellent repre¬ 
sentation from each of the District’s sixteen 
- Branches. Ten excellent technical papers 
10 prepared by nineteen student authors were 
0 Presented during the afternoon’s session. 
Interest was so intense that all present re- 
mained throughout the entire afternoon for 
the presentation of the whole group of pa¬ 
pers, maintaining the closest attention 
throughout the session. The 160 mimeo¬ 
graphed copies of each of the tep papers that 
were available for distribution at the meet¬ 
ing failed to meet the demand. Papers 
presented included the following: 

p -J 1 ? ^bctron Tube in thb Modern World, 

F. M. Deerhake, University of Illinois. 

2. Opportunities in Home Lighting. D. W 
Marchant, University of Iowa. 

a L °w Voltage A-C. Distribution Networks, 
o. J. DeBever, Lewis Institute. 

TBSTa CoLD Rolled Steel, 
Grot Oast Iron and Chrome-Nickel Cast Iron 
at High Flux Densities, E. Halbach, H. Van- 
Pietersom, C R. Dembach, C. G. Post, C. R. 
Mikolic, M. J. Auchter, R. G. Klein, and H. A. 
Tnmbom, Marquette University. 

5. Distribution op Electricity por Lighting 
op Buildings, L. Zanoff, University of 

6. Resonance in a Non-Linear Circuit, R. T. 
Bozak, School of Engineering of Milwaukee. 

7. An Experimental Study op Induction 

SE£S»i££r‘ - *• 

I. SSTASs,” T “ 

9. Debutyl Phthalatb as a Substitute por 
Transformer Oil, J. W. Niemi, and J IL Mont 
gomery, Rose Polytechnic Institute. 

rfty H ’ E - G ™ 1 ’ D “ V “’ 

Moiiday evening a special student rf 
was served at the Marquette Union, fol- 
lowed by suitable brief addresses and a lively 
St. Patrick’s celebration under the auspices 
of the local Student Branches. Prof. C. C. 
Knipmeyer in charge of student program, 
was ably assisted by E. W. Kane and V. M 
Murray of Milwaukee. 

Entertainment Features 

Active in supporting Milwaukee’s repu¬ 
tation for hospitality, the various com¬ 
mittees that promoted and handled the 
inspection trips, the women’s activities, and 
the dinner-dance program provided those 
attending the meeting with more than they 

could do within the allotted time. These 

activities were well conceived and carefully 
and smoothly fitted into the general pro¬ 
gram for the Milwaukee meeting. Inspec¬ 
tion trips, available each afternoon, em¬ 
braced local industrial and municipal under- 

takmgs of a scope sufficiently wide to meet 
the desires of the most critical. Trans- 
portation was supplied by the local com¬ 
mittee for trips en masse for the larger and 
more popular trips, and transportation for 
smau parties wishing to make ' trips of a 
special character. This feature of the pro- 
gram was under the direction of W. F. Lent 
of Milwaukee, whose committee consisted 
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W * Kuhn, J. A*. JPotts^L. F.*Reinhard, 
an f^ K. C. Siegel, of Milwaukee. 

Air s P ec ti°n trips included the plants* of 
p iv'C^almers Manufacturing Company, 
alk Manufacturing: Company, Cutler- 
nfmmer Inc., Westing-house Lamp Com- • 
pa 9 y » a ud the O. A. Smith Corporation- 
Properties of The Milwaukee Electric Rail-’ 
way & Company and the Wisconsin 
■telephone Company; and the Milwaukee 
sewage disposal plant. * # 

Activities planned for the \yomen and 
earned out under the direction of Mrs. J. D. 
Ball of Milwaukee included shopping trips 
sightseeing trips, and bridge and theater 
parties. Organized activities were supple¬ 
mented by provisions to take care of special 
desires of smaller groups. Assisting Mrs. 
BaU were: Mrs. S. C. JFraser, Mrs. Fraser 
Jeffrey Mrs. E. W. Kane, Mrs. F. A. Kar- 
tak, Mrs. V.M. Murray, Mrs. A. Simon, 
rj rs * C. H. Skinner, Mrs. R. B. Williamson, 
ivLrs. 6. H. Mortensen, and Mrs. E. W. See- 

gGT. 

A fitting climax to the entertainment side 
ot the program was furnished by the in- 
fonua 1 dinner-dance held Tuesday evening 
under the direction of Prof. John D. Ball of 
Mfiwaukec, and his hard-working com- 
H f. e i A.. CoflSn, S. C. Fraser, J. A. 
Havlick, R. G. Lockell, O. W. A. Oetting, 
S ^ nner - Sam Snead, R. M. VanVleet, 
and C. T. Evans, all of JVTilwaukee and vi¬ 
cinity. Notably well done was the effort to 
make the dinner a true reflection of an old- 
time German festive affair in keeping with 
the best local custom, and those customs 
traditionally if not too accurately ascribed 
to Milwaukee. The German menu was 
more than most of those in attendance could 
decipher, but the result was voted a genu¬ 
ine success. Likewise the entertainment 
proved to be particularly well arranged, and 
was brought to a well conceived climax at 
the close of the dinner. The dinner enter¬ 
tainment features included the local and 
highly popular “Heidelberg Quartette * 
properly costumed and most popular- when 
reflecting a German atmosphere; a c 'Ger¬ 
man street band”; two “sisters” in a Dutch 
wooden shoe dance; and subsequently in a 
song presentation Miss Kathleen Sauerwald 
a contralto accompanied at the piano by her 
sister, whose beautiful presentations repeat¬ 
edly “brought down the house” with round 
after round of enthusiastic applause. For 
the dancing subsequent to the meal the 
“Electric Orchestra/’ electrical reproducing 
equipment functioning through a public ad¬ 
dress system set up for the occasion and 
operated under the engineering guidance of 
R. E. Deland and Sam Snead, admirably 
(and very economically) supplied selected 
dance numbers to supplement the efforts of 
“Heine’s Band.” * ° 

A registration exceeding expectations by 
60 per cent was efficiently bandied by T U 
Heuser and his committee: F T Conn V 
L. Defandorf, W. H. Ferafaob, I. L mial 
C. G. Matthews, and H. A. Bartlin. Mr* 
Eeuser’s committee was effectively assisted 
h registration work by a group of young 
yomen generously supplied by the Milwau- 
cee Association of Commerce. The Pfister 
3otel was exceptionally generous in making 
ivailable without cost rooms and services for 
neeting purposes. 

One of the features of the Milwaukee 
neeting was a policy of no registration fee 
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either for members or students. The suc¬ 
cess of this policy, in spite of the heavy offer¬ 
ing of inspection and entertainment activi¬ 
ties, was made possible by the hard work of 
hie finance committee under the direction of 
Fraser Jeffrey, of Milwaukee, and his com- 
mittee: R. L. Dodd, P. B. Harwoqd, and 
H. L. Van Valkenburg, of Milwaukee; and 
Auty of Chicago, III. That the pub- 
bcity efforts of R. R. Knoerr and his aid, 
J. ti. Sobey, were effective was evidenced 
by the repeated attention given to the 
meeting by Milwaukee and other Wisconsin 
papers. 


■ 

Faraday Plaque 
Given to the Institute 


Executive Committee 
Memorializes Leaders 

Two long-active leaders in the affairs of 
the American Institute of Electrical Engi- 
neers, recently deceased, were memorialized 
by the executive committee of the Institute’s 
board of directors at its regular meeting held 
at national headquarters March 9, 1932 
Resolutions adopted giving official recog- 
nition to the valued .services of former 
National Secretary F. L. Hutchinson are 
recorded in full on p. 227 of this issue- 
those recognizing the services of the late 
Dr. Haroid Babbitt Smith, past-president 
of the Institute, follow: 

H^d B A Sm,-tT h ^ UE A th ? death of ^ofessor 
Jtiarold B. Smith the American Institute ftf EW 

Uical Engineers has lost one of its most active and 
influential members, a noted leader who hid ren¬ 
dered valuable services as a member of many com- 
mdtees, a director, a vice-president, and as presi- 

WHEREAS: His keen interest in District, Section 
^® ranc . h a <*toties and his success in encouraging 

• d fl Ve opm ! nt contributed much to the growth 
and influence of the Institute, growtn 

WHEREAS: His vigorous leadership in electrical 
engineering education and research, his abilitv tn 
correlate developments in theory and practise his 

SJW l n the progress Of his sSSts’and 
former students, as well as his quiet, persistent 
enthusiasm for the development of the eS elec¬ 
trical engineering field won the high respect of 
many friends, be it, therefore, P * ° f 

behflf LX f E ^ : Tha * the executive committee on 
behalf of the membership hereby expresses its 

Hntf e . 0f gr ^ at loss wWcJl Institute and the 
be k fiSr eenDff Pr ° fesaion have retained, and 

*^VBD* That the se resolutions be entered 
membe^of h“ family.* * be traa8mi «ed to 


Sir Robert A. Hadfield, London, England, 
has presented to the Institute a bronze* 
Plaque of Michael Faraday, having as* a 
background the workshop in which Faraday 
performed his experiments on steels and 
aUoys. On the right is shown a box, labeled 
oy haraday, and in which were found 79 of 
“f ®P eci t m ®ns of steel and alloy steel, while 
on the left is sho^ra the famous "blast” 
furnace used by Faraday. The plaque has • 
been accepted by the board of directors of 
the Institute. • * • 

It measures 13 x 8% in., and is fl replica 
of that prepared by F. J. Halnon, a sculp- 
ture of some note in London, and used as 

f ° r . the ftwntiflrfece of a book 
Faraday and His Metallurgical Re- 

2S*?; by Sir Robert 

Hadfield. This book, having speciaL refer¬ 
ence to the development of alloy steel, has 
been prepared by a man wh& is himself not 

wS * d f “ ple Faraday.-but also a metal¬ 
lurgist through his numerous researches 
contributing much to the development of 
magnetic and other steels. 

The story deals with the work of Michael 
Faraday during the period between 1819 and 
1824 when he confined his-investigations to 
the realm of metallurgy. This was his first 
research and led to others whjjch he later 
made in chemistry and electricity * In addi- * 
tion to the historical matter in the book 
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American Welding Society to Meet in 
ApriL—A tentative program has been an¬ 
nounced for the annual meeting of the Amer¬ 
ican WeIding.Sodety to be htfd in the En¬ 
gineering Societies Building, 33 West 39th 
Street, New York, N. Y., April 27-29 
1932. Five technical sessions including 23 
papers, covering a wide variety of subjects 
have been scheduled. In addition there 
will be a business session and meetings of the 
board of directors, the structural steel weld¬ 
ing committee, and the American Bureau of 
Welding. The eleventh annual dinner 
which will be arranged as a stag affair is 
scheduled for the evening of April 28. 



much technical information is included so 
that a careful study may be found to be of 
practical importance. Considerable research 
and investigation were undertaken in pre- 
panng the text, and the author has com¬ 
bined these results with the historical data 
m a, volume most pleasing and interesting to 
read The book, 329 pages m S2 
carefully illustrated, Is published bfehan 
man and Hall, Ltd., London, England. 
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Summarized Review* of • 

Some Winter Convention Discussions 

a 


P 

PRINCIPAL discussions of winte? con¬ 
vention papers are summarized herewith. 
The papers to which these discussions refer 
were abstracted in Electrical Engineer¬ 
ing for January *1932, p. 39-49 and Feb¬ 
ruary 1932, p. 130-2, Excepting only the 
papers given more complete treatment in 
these same issues; additional articles based 
upon these papers are being presented in 
subsequent issues. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. r ules 
is summarized. Complete discussiotf to¬ 
gether with all approved papers will be 
published in the Transactions. 


Protective Devices 

♦ 

A New High Speed Distance Relay 

J. H. Neher (Philadelphia, Pa.) discussed 
this paper and pointed out that no assurance 
is offered that the relay will operate on a 
high-speed basis when three-phase flash- 
overs of low arc impedance occur near the 
„ relay. He Relieved the problem could not 
be solved mntil there is developed a direc¬ 
tional element which will give high-speed 
operation under fids condition. 

0. C. Traver (Philadelphia, Pa.) in his 
discussion of this subject remarked the 
modified impedance relay described in the 
paper was a distinct step in advance over 
, impedance relays. He agreed 
that, if it is to work selectively,-the reactance 
relay must be provided with ^greater dis¬ 
criminating power than the impedance type. 
On the other hand he believed that the 
straight impedance type, and to a lesser ex¬ 
tent the impedance-reactance relay, was apt 
to be too conservative and neglect its duty, 
.so reactance would be the preferable func¬ 
tion.'. . 

W. A. Hillebrand (Barberton, Ohio) in¬ 
quired, in connection with the use of the 
series condenser as indicated in Fig. 6 of the 
paper, if there would be any inherent objec¬ 
tion to using a bushing or other potential de- 
wce instead of the series condenser to obtain 
tiie lead angle. 

. Rv D, Evans (East Pittsburgh, Pa.) in his 
discussion summed up conditions which pre¬ 
vail on modern power systems. He ex¬ 
plained that these conditions create a need 
for the modified impedance relay described 
m the paper. This device while still retain¬ 
ing its characteristic as an impedance relay 

minimizes the effects of fault resistance. 

Oil Circuit B reakers 

i . _ i , . ^ . crk, hT. Y.) reported 

that during the past year great improvement 
wr breako: and system performance was 
obtained by the use of both the deion grid 
and oil blast explosion chamber breakers 
Another point which he stressed was the in¬ 
adequacy of the present standard duty cycle. 

In view of recent developments and tests 
WWofartTOra were urged to offer users of 

oddraut breakers a duty cycle wiick would 


be more consistent with actual ppwer system 
‘ operation. 

!; J- Slepian (East Pittsburgh, Pa.) dis- 
[ cussed "The Theary of Oil BJast Circuit 
Breakers” and disputed several of the prtnci- 
“ pies. He explained the useful function of 
i ^ cons idering what would happen 

should it not form spontaneously when sepa¬ 
rating a pair of contacts in a power circuit. 
The hydromechanipal principles also were 
analyzed as was some of the data; the dis¬ 
cusser contended that some data given in 
the paper did not support the author’s 
claims. 

E. J, Poitras (Philadelphia, Pa.) answered 
several questions raised in discussion of this 
subject. He explained that the first group 
of tests was made where rates of rise of re¬ 
covery voltage above 500 volts per mWosec. 
were not available. They were not made 
with a view to completely filling in the graph 
and so no effort was made to obtain ab¬ 
normally low oil velocities. When plotted 
in terms of recovery ,voltage*rate and oil ve¬ 
locity, each parameter covering a reasonably 
wide range showed the excellent correlation 
of these parameters with success 6r failure to 
clear the circuit at the first current zero. 
He further explained that while it Would 
have been desirable to make tests at all oil 
velodt%s and recovery rates and for all dif¬ 
ferent generator voltages. such were not 
deemed advisable because, in circuit inter- 
1 ruption, recovery voltage rate rather 
nominal voltage is unquestionably pre¬ 
dominant, and the making of many tests is 
expensive. 

W. K. Rankin (Philadelphia, Pa.) in his 
remarks referred to the theory of deioni¬ 
zation by turbulence as compared with the 
dosing of the arc path at current zero by a 
fluid dielectric. He believes that the former 
theory bore some weight, even though in the 
case of an arc drawn to considerable length 
in a tank of oil other theories have been pro¬ 
posed. However, when considering a maxi¬ 
mum of 1 in. contact separation, and re¬ 
covery voltage rates of rise from 135 to 800 
volts per microsec. across the contacts, tests 
have proved that the gaseous dielectric 
would not prevent breakdown; therefore he 
concludes that oil which does have sufficient 
dielectric strength is inserted between the . 
contacts. 

•, H. Stoppelman read a discussion on i 
this subject prepared by C. L. Fortescue j 
(East Pittsburgh, Pa.) which referred to j 
early experimental work. The results indi- i 
eated that something besides length was re- t 
quired to quench an arc. In fact, as shown 
m ,the papers by Messrs. Browne, Van c 
teckle, and Leeds, the requirement now is a « 
turbulent gas stream across the path of the t 
arc. He believed data on the oil blast f 
principle would be explained just as well by f 

the fact that the gas formation and its turbu- c 

lency are functions of the velocity by which a 
th^oil is introduced into the ionized path c 
between electrodes. 

MacNefli (East Pittsburgh, Pa.) in c 
his ^discussion of circuit breakers drew at- d 
tention to the general improvement made in © 


if- „ 

these* interrupting devices and the reduction 
of tjie hazards which result from the use of 
oil in these devices. He believes the oil 
blast device operating on one end of the arc 
to be most effective for low voltages; how- 
for ^h voltages he questions its 
ability to produce effective results, and ad¬ 
vocates the deion grid principle of interpos¬ 
ing successive increments of arc rupturing 
ability as the arc is lengthened by the gases 
which have formed passing transversely 
across the full arc length. 

T. E. Browne, Jr. (East Pittsburgh, Pa.) 
discussed this subject, in his conclusion sub¬ 
mitting three reasons why it was impossible 
for him to agree with Mr. Prince’s conclu¬ 
sions. One of these reasons was that as yet 
no detailed picture capable of withstanding 
critical analysis has been presented of the 
mechanics by which the oil .film may be 
formed. 

Extinction op A-C. Arcs 

R. C. Van Sickle discussed this subject 
and pointed out certain difference? between 
the functioning of the experimental struc¬ 
ture described by Mr. Browne and the deion 
gnds, which differences should be'realized 
when comparing results as they might ex¬ 
plain why the recovery voltage gradients of 
deion gnds are higher.. 

J. J. Torok (East Pittsburgh, Pa.) dis¬ 
cussed this subject and described an experi¬ 
ment on extinguishing arcs in fiber tubes 
wherein droplets in the tube materially in¬ 
creased the surface on which ions could be 
collected. He found that' the author’s 
treatment of the expulsion fuse substanti¬ 
ated the theory of the turbulent gases. 

W. A. Hillebrand (Barberton, Ohio) dis¬ 
cussed this subject also and briefly described 
the Poulsfen radio arc transmitter. He be¬ 
lieves that the curves presented by Mr. 
Browne confirm earlier experience with this 
tranarntter. He also offered as a possible 
contributing cause for the difference be¬ 
tween the curves of Fig. 6 for oxygen 
nitrogen, the fact that free electrons mi ex- 
ls t m an atmosphere of nitrogen but not in 
an atmosphere of oxygen. 

Instruments and Measurements 

A Power Factor Bridge 
op High Sensitivity 


Perry A. Borden (Waterbury, Conn.) dis¬ 
cussed this subject and described a method 
of balancing out induced voltages in the 
g vanometer coil by the use of a neutral 
inductance in the field circuit; this would 
appear to remove one of the objectionable 
features of the electrodynamic galva¬ 
nometer. 

.. J- c - Balsbaugh (Cambridge A, Mass.) 
discussed this subject and told of a modified 
Sobering bridge using an amplifier in the de¬ 
tector circuit offering a precision in power 
factor measurement of 10"», this modified 
form having been constructed at the Massa¬ 
chusetts Institute of Technology. When 
all the factors affecting the power factor pre¬ 
cision of the bridge have been fully investi¬ 
gated, it is planned to make formal publi¬ 
cation of this research. In conclusion, the 
discuss^: pointed out that there were no 
calculations or tests giving the sensitivity or 
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precision of the bridge described in the paper. 

Leo J. Berberich (Paulsboro, N. J.) dis¬ 
cussed the high accuracy of power‘factor 
measurements possible when using a bridge 
of the type described in the paper. He gave 
<* which showed the excellent agreement 
found between the computed power factor 
of the standard and the power factor as 
measured by the bridges of thetype described 
by Doctor Kouwenhoven. It evidenced also 
close agreement between the two bridges 
used at the Johns Hopkins University. 

S. K. Waldorf (Baltimore, Md.) analyzed 
several cases mentioned in this paper, com¬ 
menting upon the net effect of a reduction of 
specimen size, high humidity conditions, and 
double shielding on the transformer used in 
the galvanometer circuit. He also warned 
those who have occasion to build small high 
voltage air capacitors against the use of 
small plate dimensions, and a spacing of not 
less than five millimeters was suggested. 

One of the points considered by R P 
Siskind (Cambridge, Mass.) in hisdiscus¬ 
sion of this paper was the possible effect 
upon the accuracy of the bridge from the 
presen&e of harmonics.^ He explained that 
when a potential sufficiently high was 
applied to the test specimen it would cause 
ionization producing third and other har¬ 
monics. It was believed that these might 
cause some small error to exist in the bridge. 

Instrument Springs 

A" J 3 - Smith (Chicago, Ill.) discussed the 
use of the grid glow micrometer mentioned 
m the paper. He told of having previously 
compared the use for detection purposes of 
a y-watt, 110-volt neon lamp with a radio 
headset. The comparison revealed ad¬ 
vantages in the use of the receiver, such as 
sensitivity when the resistance was greater 
than 59 megohms. Also with-the use of a I 
receiver for detection, the eye is left free for 
other observations. j 

J. R. Townsend (New York) discussed 
the means of stabilizing instrument springs 
and referred -to the work of Sayre, Dolby 
Scott, and Abbott. He believes the method 
of heating above the service temperature as 
suggested by Messrs. Carson and Mac- 
Gahan, to be a good one. 

An Automatic Oscillograph j 

Wm. G. Walker (Philadelphia, Pa.) told 
of experience at Plymouth Meeting Sub¬ 
station with a development model and later 
a commercial model of the oscillograph de¬ 
scribed in the paper. Several suggestions | 
advanced by the men maintaining the de¬ 
velopment model were incorporated in the 
commercial model. Out of 63 operations 
recorded during an interval of 160 days, no 
records were lost through failure of the in¬ 
strument to function. 

The Photoelectric Recorder j 

P. E. Quiss (Lynn, Mass.) discussed this 
subject and emphasized the sensitivity and 
quick starting features of this apparatus 
#fcich enable it to record values heretofore 
measured only by the use of indicating 
instruments. j 

C. W. Mayott (Hartford, Conn.) ex¬ 
plained that the photoelectric recorder had 
been installed in the load supervising 
at Hartford. It has been in-service for | 
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approximately a year and a half. During 
. this only replacement required was 

the light source bulb. Frequency records 
• were obtained in such detail as to be beyond 
the requirements of any present operating 
demands. 

H * A. Rolnick (Philadelphia, Pa.) in¬ 
quired regarding the smallest ang ular mo¬ 
tion of the indicating element to which*the 
recorder would respond, and whether or not 
it was dependent on the electrical circuit, 


the optical system, # or both. 

Distribution Circuit Lightning Protection 

Harold C. Dean‘(New York, N. Y.) ex¬ 
pressed belief that the most important 
contribution made to the industry by the pa¬ 
pers in this symposium was the proof offered 
that lightning arrester ground leads should 
be connected to the secondary neutral wher e 
the latter is adequately grounded; he advo¬ 
cated also the grounding of transformer 
cases to thejsecontfary neutral. It was ex¬ 
plained that those ig. the New York Edison 
Company have the philosophy jthat a known 
hazard is to be preferred to an unknown 
hazard, and they have adopted as a standard 
the grounding of all transformer cases. 

A. H. Schirmer (New York, N. Y.) ex¬ 
plained that the results obtained from Bell 
system tests indicated that for transformer 
protection an arrester should be placed 
between the^pfimary and secondary. The 
arrester should have a current limiting ; ele¬ 
ment so designed that the voltage across the 
transformer windings would be held to a 
value slightly below the impulse strength of 
the transformer. This would hold to the 
lowest practical value the lightning voltage 
on the secondary caused by a surge on the 
primary, and no power voltages of consider¬ 
able magnitude would appear between the 
secondary circuit and ground. • 

E- W. Peek (Pittsfield, Mass.) suggested 
that with an object to devising lightnin g 
tests the proper technical committees of the 
Institute should review present methods of 
testing. These tests were suggested as a 
supplement to the present tests and not to 
supersede them. This suggestion for con- ' 
sideration was made after years of experi¬ 
ence with lightning tests on transformers in 
an effort to devise lightning proof trans¬ 
formers ang also for making lightning tests 
on commercial transformers. These facts 
were mentioned to show that lightning tests 
are entirely practicable. 

A. E. Silver (New York, N. Y.) called 
attention to the change in trend toward the 
objective of lightning protection. He ex¬ 
plained that in the past, attention to the 
subject of lightning on distribution circuits 
seemed to have centered on the distribution 
transformer and what could be done to pro¬ 
tect it rather than upon lightning effects on 
service. ^He commended the authors of the 
paper on the Philadelphia Electric system 
for moving the main objective of their 
studies from the distribution transformer to 
its effects upon service. 

C. L. Fortescue (East Pittsburgh, Pa.) 
analyzed the proposed connection of the 
lightning arrester ground lead to the secon- 
d<u*y neutral as advocated in the papers. 

He believes that the proposed connection 
assured much better protection to the trans¬ 
former than the old connection, without any 
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increase in hazard to the customer. As 
compared both unprotected transformers, 
he believes the connection gives much better 
protection to the customer because it pre¬ 
vents high voltage from entering into 
customers’ circuits. Also the hazard of fire 
or personal injury is much greater from high 
voltage power current than it wotfijl be from 
any surge likely to pass through into cus¬ 
tomers’ circuits. 

A. S. Brookes (Newark, N. J.),discussed 
several details in the paper by Messre. 
Harding and Sprague. He believes the 
analysis might have been made much more 
valuable by a more detailed consideration of 
the circuit distances involved, and if more 
data on the surge curqmt and the circuit de¬ 
tails were given. He felt that the inter¬ 
connection of the primary arrester ground 
and the secondary neutral had more merits 
than the results given in the paper indicate. 

J* E.. Hodnette (Sharon, Pa.) discussed 
this subject from the standpoint of distribu¬ 
tion transformer design. He described a 
self-contained, self-protecting transformer 
with gaps inserted between the high-voltage 
and low-voltage leads, and the ground, to 
enable the transformer to withstand many 
surges without injury to the insulation. 
This surge-proof transformer Jjas withstood 
tests approximating service conditions as 
nearly as possible, with surges of various 
magnitudes up to 1,500,000 volts impressed 
upon the excited sftpply lines. In every 
case the transformer was protected and nor¬ 
mal voltage was restored without causing so 
much as a flicker in lamps supplied from 
secondary*leads of the transformer. 

Y - Putman (Sharon, Pa.) painted out 
limitations of the proposed interconnection 
which he believed ought to be given careful 
consideration. He explained why he be¬ 
lieved the straight interconnection not well 
adapted to installations having a low voltage 
neutral ground connection of high resistance, 1 
nor to installations without grounds on the 
service lines; nor yet to installations with 
grounded transformer tanks or to three 
phase installations. 

M. G. Lloyd (Washington, D. C.) sum¬ 
med up results and conclusions of the several 
papers on lightning protection. He ex¬ 
plained that the committee on protection 
against lightning of the National Fire Pro¬ 
tection Association for some time has had 
under consideration the advisability of using 
lightning arresters on overhead secondary 
circuits where they enter buildings. This 
would seem necessary only in rural districts 
and where wires enter the building as sepa¬ 
rate open wires. Since it would be neces¬ 
sary to interrupt follow current at only 120 
volts, an. arrester of cheap construction 
would suffice. 

J. J. Torok (East Pittsburgh, Pa.) dis¬ 
cussed and carefully analyzed benefits to be 
obtained from the standpoint of personal 
hazard to the customer in the'proposed 
interconnection of the lightning arrester 
ground lead and the neutral of the secon¬ 
dary He explained that without the 
mterconnection a power arc established 
across the transformer terminals would 
raise the secondary leads to primary po¬ 
tential. This condition would last as long 
as the arc was maintained, probably for 
several seconds. With the interconnection 
the action of the lightning arrester would 


come m at & voltage lower than that at 
which flashover of the transformer bushings 
would'occur. Thus the arrester would pre¬ 
vent 60-cycle power follow or would limit it 
at most to a half-cycle duration. The 
ppwer follow is more*dangefous to life than 
the impulse voltages which, although of * 
much higher values, are of short duration * 
Edward Beck (East Pittsburgh, Pa.) de- 
scnbed tests performed on a circuit set up in 
SJ abaat ? y to simulate an energized 
2,500-volt circuit feeding a 110/220-volt 
house circuit with various household appli¬ 
ances attached. The transformer was pro¬ 
tected with a 3,000-volt auto-valve arrester 
with the proposed interconnection em¬ 
ployed. Surges were impressed on the pri¬ 
mary of magnitudes sufficient to discharge 
800, 1,600, and 3,000 amperes through the 
primary arresters, and cathode ray oscillo¬ 
grams were made of voltages occurring on 
the secondary system. The ground resis¬ 
tance was varied from zero to57ohms. The 
results revealed that the voltages to ground 
of the phase wires and the neutral wire were 
very nearly alike except for the first instant. 
Well over 1,000 surges were impressed and 
only three interruptions to the customers’ 
service occurred. These consisted of blown 
fuses only. From the results obtained it 
was concluded that the interconnection did 
not impair conditions in the secondary 
system. 

K. B. McEachron (Pittsfield, Mass.) dis¬ 
cussed the proposed interconnection and de¬ 
scribed a modified form of conventional 
lightning arrester for installation within the 
j^pace available inside the transformer tank. 
The arrester operation is in no way different 
than when applied externally, having the 
same factors of safety and the same relia- 
bdity. This construction would have the 
advantages of reducing both installation 
costs and congestion on poles. Reasons, 

, jme result of experience, were given show¬ 
ing why gaps were unsuitable. 

General'Circuit Theory 

R. D. Evans (East Pittsburgh, Fa.) 
bnefly reviewed some of the developments 
which have taken place in general circuit 
theory during the past 20 years. He told 
of any early problem in power system net¬ 
works which was in connection with the 
supply systems for a-c. railways. This he 
explained was followed by a very important 
step in network theory; namely, the intro¬ 
duction of the method of symmetrical com¬ 
ponents by Doctor Fortescue, to irmlr*. 
possible the solution of unbalanced power 
system networks. He further explained 
that recently the stability problem has made 
it necessary to develop new forms of circuit 
constants in order to facilitate the solution 
of general networks, taking into account not 
only distributed constants but their combi¬ 
nation with lump constants. In conclu¬ 
sion, he pointed out that the most striking 
development within the last few yearn was 
me introduction of the a-c. calculating 
board. This has made possible the solution 
of many problems in a more complete man¬ 
ner and in less time than heretofore required. 

Equivalent Circuits ; 

J. W. Butler (Schenectady, N. Y.) illus¬ 
trated ™th examples the usefulness of the 
"Continued on p. 276) 
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{Winter discussion continued from p. 274 ) 
method which Mr. Starr had developed in 
part III of his paper, for setting up several 
simplified equivalent circuits. One ex¬ 
ample illustrated the simplicity of setting up 
an equivalent single line circuit to represent 
& fqur f winding transformer. 

Edith Clarke (Schenectady, N. Y.) ex¬ 
plained that the paper on this subject pre¬ 
sented the’ general circuit equations for net¬ 
works in systematic and concise form, with . 
methods for measuring and calculating the 
characteristic coefficients. She felt that 
Mr. S tar r frfld made a valuable contribution 
to their solution. She believed also that 
one erf the simplifications which will be found 
of advantage, wnerfe an a-c. calculating 
table is not available or when greater ac- 
curacy'is required than can be secured by its 
use, is that of placing the self-impedance at 
the terminals and not in the mesh ofr the 
equivalent circuits. . 

R. G. Lorraine (Schenectady, N Y.) dis¬ 
cussed this subject and believes the paper, 
with its presentation of the general princi¬ 
ples upon which the development of specific 
equivalent circuits^depends, to be a welcome 
addition to the literature 'on equivalent 
circuits. One of the points which he em¬ 
phasized was that even though the author’s 
equivalent circuits contain pure reactance 
branches means are available to represent 
them adequately on the a-c. calculating 1 

table. v , , 

• W. A. Lew& (East Pittsburgh, Pa.) found 

several of the equivalent circuits presented 
by the author to ^e both new and interest¬ 
ing. He believes a slight error in statement 
appeared on page 6 and again in the footnote 
on page 9, where it was stated that the mu¬ 
tual impedance between lines is purely re¬ 
active. It was explained that the mutual 
impedance is due not only to inductive 
coupling but also to the comm5n use by all 
circuits of the earth and ground wires, if 
present. This resistance often may be ns 
large in proportion to the mutual impedance 
as the combined resistances of earth circuit 
pnri conductor is to the zero phase sequence 
self-impedance. Therefore it seldom can be 
neglected unless the accuracy required per¬ 
mits neglecting all resistances. 

George W. Hampe (Chicago, Ill.) in his 
discussion of this subject referred to previous 
work and the principles stated in 1911 by 
Mr. G. A. . Campbell. He explained that 
the comjflete or lattice mesh, of which Fig. 
1(d) and Fig. 3 (b) of the paper are examples, 
cguld be handled more readily if admittances 
instead of impedances were used to express 
its links. A simple process for folding the 
branches of the complete mesh equivalent 
to the general concealed network was given 
by Mr. Campbell. The discusser gave an 
example of its derivation without the use of 
determinants. 

Transient Oscillations 

op IstimrALLV Coupled Circuits 

H. L. Rorden (Pittsfield, Mass.) discussed 
this subject and illustrated several points 
of interest with specific calculations based 
on Mr. Bewley’s derivations. A table of 
calculated transients was given listing the 
essential terms for three space harmonics as 
calculated for the given constants, and 
conclusions drawn from these calculations 
. were enumerated. An analogy also was 
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given by comparing the general distributed 
circuit with the lumped constant circuit 
which exhibited similar characteristics. 

* 

Drives for Power Station Auxiliaries 

A. H. r Kelioe (New York, N. Y.) told of 
experiences in the New York Edison system 
with both steam and electric drives for 
power station auxiliaries; continuity of 
station output has been obtained with either 
steam or electric auxiliary drive. This has 
been accomplished by supplying steam from 
headers which are provided with sectional- 
izing valves and fed from two or more 
sources, and each essential auxiliary motor 
circuit has its supply available from several 
sources. This system has found some 
saving in installed first cost of auxiliaries 
with electric drive instead of steam, es¬ 
pecially where the simpler types of motors 
are adaptable. 

I. E. Moultrop (Boston, Mass.) believed 
the papers presented on this problem were 
valuable and timely in bringing to the at¬ 
tention of the industry the need for more 
suitable and more economical dtives. He 
predicted that auxiliary power requirements 
of the stations built in the future probably 
will be considerably in excess of those past 
or present. For high pressure boiler feed 
pumps he favored the use of turbine drive 
because it permits the best pump design, 
and the usual horsepower requirements 
permit a highly economical design. He 
called attention to the' lack of satisfactory 
variable-speed a-c. motors, an<f many other 
interesting points were brought out in his 
discussion of this subject. 

Francis Hodgkinson (Lester, Pa.) em¬ 
phasized the importance of reliability of the 
drives for the essential power station auxil¬ 
iaries. He discussed the trend in modem 
power plant design and in particular, stage 
bleeding for preheating, which no longer 
makes the exhaust heat from steam auxil¬ 
iaries essential. His considerations in ad¬ 


dition to the statements in the papers led 
generally to a preference for the electric 
drive for all essential auxiliaries except 
boiler feed pumps and fans. 

H. M. Cushing (Buffalo, N. Y.) believed 
the trend of the development was clearly 
depicted in the three papers by Messrs. 
Hollister, Dryer, and Smith. However, he 
believed Mr. Dryer in handling the subject 
of steam driven auxiliaries had made a very 
favorable case for the electric drive. He 
was in agreement with all conclusions in this 
paper except Nos. 1, 5, and 8. It was ex¬ 
plained that the Huntley Station started 
with a preponderance of steam driven aux¬ 
iliaries.* However, its engineers and operat¬ 
ing men are now so convinced of the su¬ 
periority of electric drive that in the new 60- 
cyde steam plant, known as Huntley Sta¬ 
tion No. 2, it was used exdusivdy for driv¬ 
ing the auxiliaries. He explained further 
that the general use of dectric drive had 
been ddayed by a number of causes and 
pointed out many important features of the 
electrical installation for electric drives. 

F. C. Hanker (East Pittsburgh, Pa.) re¬ 
viewed the requirement for dectric auxiliary 
drives and carefully analyzed the character¬ 
istics of the available types of apparatus. 
He felt that a great deal of the critidsm of 
dectric drive was due undoubtedly to the 
effort to apply motors and control devdoped 
for industrial uses to the more rigorous 
duties imposed by central station condi¬ 
tions. It was believed that the trend 
toward the unit system of operation should 
permit simplification of both the power 
supply and the auxiliary drive. Compli¬ 
cations should be avoided in the sources of 
supply; this would simplify the control for 
the auxiliaries as well as minimize the 
duplication of auxiliaries, as is frequently 
done in practise. 

Robert Baker (New York, N. Y.) dis¬ 
cussed the financial side of this question. 
He bdieved that comparisons between 
steam and dectric drive? for auxiliaries 
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should be made on the basis of between 
and 40 per cent capacity factor instead of 
maximum load conditions, as descrSd £ 
ttie pap^ oti electric drives. A compaiL^ 

hf 313 would represeut more nSly 
the actual operating conditions and wnnirf 
' probably show a reduced savin* A 
'Pointed out that no figures were given as tn 
tte cost of the steam driven equip mait re . 

322 '” a = ta ‘ ion “*>? stea ® driven anr- 
uianes and that comparisons could be mart* 

up only on the basis of fuel cost. It was 
explained that comparisons of this nature 
gave only half the picture as an analysis of 
the over-all operating costs of the average 
plant shows that the cost of fixed charges k 
approximately equal to the fuel cost. 

Philip Sporn (New York, N. Y.) believes 
the aim in auxiliary layouts for future powS 
Plants should be toward further simpHfica- 

2eut° f w e ° P u WCr suppIy and control equip¬ 
ment. He believes the merits of systems 

were now fairly well recognized so that 
fur * be f standardization and simplification 
could take place. The need for a simple 
sturdy, variable speed a-c. drive, improved 
insulation, and consideration of the use of 
ligher voltage motors, were some other inter- 

eS ^ U |r P ?f tS brou ^ ht out in this discussion. 

S. M. Dean (Detroit, Mich.) believes that 
the papers give a good summary of the two 
situations so far as the auxiliaries themselves 
were concerned. However, he would uS 

T + „ VC r? een somewhat m <>re complete cost 
data .' was also pointed out that the 
possibilities of d-c. drives should not be 
overlooked When account is taken of the 

fso2f K° WhlCh 3tation ratin « is reduced 
, per ce rit) the smoothness and ease 

the absence of serious short- 
circuit problems, etc., it does not compare 
unfavorably with other methods. 

F. M. Stoddard (Cincinnati, Ohio) briefly 
described auxiliary installations at the 
Columbia power station. Power for the 
essential auxiliaries is supplied from shaft 
S** conuected to each main turbine 
- t- ?, 6 non-essential auxiliaries are 
supplied front transformers connected to 

f bus » and iri six years of operation 
there has been no trouble-with the auxiliary 
system from loss of auxiliary power or fluc- 

SdtT ° f US VOltage ««»* by external 

F. H. Hollister (Chicago, Ill.) in his dis- 

222? T!? ! Ubiect s bowed data on 

several desirable features of the Rossman 

dnve whmh has been in successful opera- 

p‘°l f ° r **“ Pfst year, driving fans at the 
Fowerton station. 


^^atmg sustained short- 
cnant currents Using Potier reactance. He 
explained that for this calculation the value 
of armature ampere-turns at rated current 

*“■ mft y be bbtained 
from the Potier triangle. A certain amount 
of zero power-factor armature current may 

nStTT'V and the excitation Calculated 
usmg Potier reactance and armature 

rt . was farther explained 
ttc S excitation usually is known. 

tlje calculation must be repeated witb ad _ 
justed values of armature current until the 
resulting excitation has the correct value. 

accessary, and does not 
make the calculation unduly long. 


Proposed Definitions 
of Power System Terms 


Symposium on Stability 

Standard Decrement Curves 

G ;ff rraia 5 (Schenectady. N. Y.) dis¬ 
cussed this subject and analyzed the de- 

several of the curves 

ZTf Paper. An example 

ihustratmg their use was given and further 
mspection of them showed that more con- 

be pla< ^ d m the use of these 
amres than one would suppose from an in- 

Sitibn 6 aSSUTnptions ®ade in their 

Decrement Curves eor Specific Systems 

( .Sf mb rtdge, Mass.) dis¬ 
cussed this paper with particular reference to 

1P3 2 


+ ,J: J ' Cissna York, N. Y.) explained 
the preference for the convention of leading 
reactwe power as positive, particularly on 

account °f the power-circle diagram. This 

he lUustrated with a figure. It was be¬ 
lieved that in considering leading reactive 
power as negative the convention of the 
power-circle diagram had been troublesome 
to many engineers in that the conventional 

violated ° f Voltage vecto rs had been 

Da Y^ (Cambr id&e, Mass.) com¬ 
mented on the committee’s definition of 
aggmg reactive power in terms of the 
current delivered by a*n over-excited sym 
chrgnous generator. He believes this to be 
an indu-ect and unnecessary method of 
denning reactive power and also that it is 

th0 . Se J who do not have im¬ 
mediately in mind the excitation char¬ 
acteristics of synchronous apparatus. Such 
reactive volt amperes he believes could 
have been much more explicity defined as 
the reactive volt amperes taken by an in¬ 
ductive reactance, and this would be easily 
understood by everyone familiar with alter- 
natmgcurrents. 

C. F. Wagner (East Pittsburgh, Pa.) also 

tlUS ?. Uestion 8810 Aether or not 
inductive reactive power should be plotted 
as a positive or as a negative quantity in 
power circle diagrams. He gave a list of 
references to publications in which induc¬ 
tive reactive power is considered positive 
and alsoa list in which it is considered nega- 

££ iI?n Se / e ?non CeS dated over a Period 
5 ”?.j 19 . 10 *?■ 1929, twenty-three authors 
considering _ inductive reactive power as 
positive •white sixteen considered it as nega- 
hve. In addition, authors such as Doctor 
lessor Jackson, and Doctor 
Fortescue, also preferred the use of the posi- 
bve value. Therefore, the discusser be¬ 
lieves that the inductive reactive power ast 
positive quantity should be adopted as the 
convention. 

Edith Clarke (Schenectady, N. Y.) ex¬ 
plained that she was in agreement with the 
proposal to consider leading reactive power 
positive and lagging reactive power nega¬ 
tive. It was explained why voltage is 
chosen as the reference vector in dealing 
with petwork systems; the currents in the 
branches of the network then give a good 
indication of both active and reactive power 
now. This correspondence of power and 
current was believed to be of sufficient im¬ 
portance to justify the proposed convention 
for active and reactive power. . . 


A. E. Kennelly (Cambridge, Mass.) told 
of the work done by the International 
Electrotechnical Commission and analyzed 
considerations of the question as to whether 
reactive power should be represented by * 
+ jQ or P — jQ vector voltamperes. He 
believes the subject committee here should 
transmit a recommendation to the A.I.E.E. 
standards committee as to the choice of 
vector direction so that the standards com¬ 
mittee may be able to take early appro¬ 
priate action with a view to renewing inter¬ 
national proposals. Ifthe reasons given 
lor the final choice are cogent, he believes.* 
they would be likely to meet with indorse¬ 
ment from our engineering fraternities in 
other parts of the world. 

L> A- Kilgore (East Pittsburgh, J»a.) dis- 
cussed section 4 of this report covering the 
detention of synchronous machine constants 
with particular reference to the effects of 
juration. He believes the report does 
f° t 5 erany sim Pk method of dealing with 
. ® ^f e . cts °f saturation but leaves its degree 

he mnks m « ht be con¬ 
fusing when using the constants in prac- 
cal calculations for it appears we must 
°^ y a 1 IargC number of constants 

It values for vari °us conditions, 

it also will be necessary to state the degree 

of saturation every time a value of the con- * 
stent is specified. He recommends from 
the conclusions of previous work, a definite 

saturation. ^ ♦ S ith^ 

a L. Henderson (East Pittsburgh, p a ) 

believes the report to be*a valuable piece of 

be^lnf f • UggCStS !*”* a statem ent wodld 
be helpful m covering the particular ma¬ 
chine constants to be used most often in the 
ordinary study of system performance. For 
example, values of transient, substransient 
synchronous, and negative and zero se- 
quence reactances for the direct axis, to¬ 
gether with the short-circuit ratio and the 
short-circuit time constant, are sufficient for 
the usual practical case. 


Generalized Stability Solution 

for Metropolitan Type Systems 

R. D. Evans (East Pittsburgh, Pa.) called 
attention to the value of the generalized 

«* ven “ ^ Paper. He explained 
that the general stability curves given in 
thispaper may be used in a maimer similar 
to that of the paper “Standard Decrement 
Curves presented earlier in the session. 
It was predicted that the use of these curves 
together with previous curves developed for 
long ^stance^straightaway transmission 
will lead to the development of similar 
methods for the remaining types of systems 
so that eventually shortcut methods will be 
available for all types of systems. 

pother discussion by S. B. Crary 
(Schenectady, N. Y.) brought out that any 
generalization or simplification of a prob¬ 
lem which comprises as many factors as a 
transient stability study, must require nu¬ 
merous assumptions and these limit the 
held of application. Therefore he be¬ 
lieved that care must be used in applying 
the curves of Figs. 1 and 2 to systems that do 
not conform to the assumptions set forth 
^S. H Wright (Buffalo, N. Y.) explained 
mat when applying the curves presented in 
the paper cases may frequently arise where 
conditions of the system being studied are 
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met by the conditions assumed in preparing 
the curves except in one respect, making it 
desirable to consider the inertia constant as 
an additional "index factor.” This was 
illustrated by an example. 

Electrical Stability of 

Conowingo Hydroelectric Station 

* 

R. M. Spurck (Philadelphia, Pa.) dis¬ 
cussed the last paper to be presented in this 
session. He believed the authors presented 
an excellent and Complete paper on the 

• .analysis and solution of stability problems 
which occurred in connection with the 
operation .of this station, both before and 
after the application of high-speed clearing 
equipment to the system. It was brought 
out that* the correction of stability problems 
by high-speed ^circuit clearing also brings 
with it many other benefits, a few of wlfich 
are reduced area of disturbance on the sys¬ 
tem during faults, reduction in voltage 
dips, and apparatus that requires less 

maintenance. 

* 

r 

Research 

r 

Radio Interference 
From Insulator Corona 

J. W. Upp, Jr. (Baltimore, Md.), dis¬ 
cussed this subject and he believes that 
over a period of years, insulator manu¬ 
facturers interested in radio interference 

* investigatiops'Wve found modem insulator s 

to be minor offenders. Insulators, he 

thinks, are furthef along the path of de- 
#> 


velopment of radio interference relief 
than mostiof the other factors involved in 
the manufacture, transmission, and con¬ 
sumption of electrical energy. 

W. A. Hillebrand (Barberton, Ohio) 
inquired if the author of this paper con¬ 
sidered his set-up suitable for a standardized 
test set, ft he had any changes to recom¬ 
mend, and if, in his opinion, “it *had been 
described yith sufficient accuracy in his 
papers to permit of its being accurately 
reproduced. 0 n 

S. K. Waldorf (Baltimore, Md.) dis¬ 
cussed several means for corona detection, 
one of which consisted of employing an 
audible^ corona detector having one or 
two stages of audio frequency amplifica¬ 
tion designed to accentuate frequencies 
greater than approximately 500 or 1,000 
cycles per sec., and having a radio headset 
or loud speaker in the output. With, this 
type of detector, even the presence of a 
small amount of corona is accompanied 
by a loud buzzing sound in the telephone or 
loud speaker. He also explained that it 
may be desirable in some cases to connect 
the input resistance of the corona detector 
in the grounding circuit of the insulator 
suspension or pin. 

J. B. Whitehead (Baltimore, Md.) 
discussed the experimental ''method used 
in the paper with reference to balancing 
out the charging current of the high voltage 
circuit, the adjustment being made before 
corona forms. He explained that it is 
well known, however, that the presence . 
of corona, owing to space charge forma¬ 


tion, introdtees important changes in the 
value bf the gedmetric capacitance. It 
was believed that this fact might explain 
some of the irregularities in the records 
and have a bearing on the differences ob¬ 
served as between the negative and positive 
half-cycles. ‘ 

Another discussion of this subject by* 
A. C. Seletzky (Cleveland, Ohio) suggested 
that in view of the varying results ob¬ 
tained, a quantitative method of detecting 
the initial presence of corona should be 
used, as it Would give more consistent 
results. Such a method he believes would 
be able to detect corona in parts of the 
insulator which are difficult, if not im¬ 
possible, to observe accurately by visual 
means, even under the most favorable 
conditions and a darkened room. 

Predetermination of 

A-C. Behavior of Dielectrics 

H. H. Race (Schenectady, N. Y.) dis¬ 
cussed this subject and it is his belief that 
the paper presents some very interesting 
data but it does not suggest a physical 
explanation of the results. He was par¬ 
ticularly interested in Fig. 5, because the 
variations of capacitance and loss'* with 
frequency are similar to corresponding 
curves calculated using a very definite 
physical picture; namely, Debye’s theory 
of polar molecules. An analysis and com¬ 
parison of the two theories were made 
which led to several more general and 
interesting conclusions. 


Baltimore & Ohio to Equip More Cars for Air-Conditioning 


THIRD BRUSH POWER 

nP MPD&TnD 


COOLING TOWER 
UQUIFICR 



WATER 

STORAGE TANK 


YORK 

AIR CONDITIONING 
UNIT 



[PUSH-BUTTON 


kN INITIAL ORDER for new and improved equipment for 
78 passenger cars has been placed [with the York Ice Machinery 
Corporation of York, Pa.] by the Baltimore & Ohio Railroad, 
pioneer in train air-conditioning. The new equipment, like that 
employed in the initial installation, is self-contained in each car 
to permit flexibility of operation. Power for driving the equip¬ 
ment is obtained from a newly developed three-brush generator, 
axle driven through a special gear and pulley arrangement, and a 
new high-capacity storage battery. Refrigeration is carried out in 
a dosed cyde. The refrigerating unit consists of a compressor 
specially designed for use with Freon gas (dichloro-difluoro-methane) 
and driven by an electric motor with both high and low pressure 
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cut-outs and gages. The new gas employed is a colorless, odorless 
non-coriDsive, non-combustible, and non-inflammable refrigeram 
wffich may be used in equipment passing through tunnels withoui 
any serious hazard to health. The new equipment is said to hav< 
“S? capadty, but to require less space than thal 

used by the B & O m their original installation. Either an air 
cooled °r coohng-tower liquifier may be used, depending upoi 
operating conditions; identical results are expected with eithei 

^lJv\ aCC ° mpa '?? 1 ? S mustrat *°A shows a typical passengei 
car mstaffation, in which may be noted the arrangement of equip. 

aur . passages - The entire system is controlled from a 
push-button station near one end of the car. «• 

* 

/ Electrical Engineering 




































Another discussion by F. *M. Clark 
(Pittsfield, Mass.) told of dete rmining 
the relative a-c. characteristics of 5-kva. 
oil-filled capacitors by means of the so- 
called d-c. leakage. This appears to be of 
greater value than inJulation resistance, 
measurements, but the work was not 
carried sufficiently far to predict success¬ 
fully the power factor from the leakage 
results obtained; however, it was believed 
that this could be done. 

W. A. Del Mar (Yonkers, N. Y.) also 
discussed this subject and brotight out the 
fact that the practical control of power 
factor of impregnated paper now lies with 
the paper tests, where formerly it was 
essentially a matter of oil resistivity. This 
change occurred when manufacturers 
changed their paper from manila to wood 
pulp, and oil from petrolatum to cylinder 
oil. He believes that the practical problem 
has long since been solved, but it would be 
interesting to have the authors explain 
these facts in the light of their admirably 
developed theories. 


"W 

Executive Committee 
of Institute Meets 


if- Brbakdojvn of Glass 

With Alternating Potentials 

a 

J. B.„ Whitehead (Baltimore, Md.) dis¬ 
cussed this paper and found it difficult to 
accept the suggestion of Moon and Nor- 
1 cross, and now of these authors, that the 
I intermediate stage of breakdown should 

| follow a definite law. 

| W. A. Del Mar (Yonkers, N. Y.) dis- 
V cussed the authors' contention that three 
distinct regions of dielectric failure, in- 
r stead of two, exist with alternating currents 
: He believes that the authors in justice to 

their thesis should give Fig. 4 with the 
experimental points plotted. 

W. A. Hillebrand (Barberton, Ohio) dis¬ 
cussed the nature of glass, the. material 
used in these tests. He explained that 
glass is a physical solution, an electrolyte, 
the constituents of which are ionized,’ 
and that it has the high negative tempera¬ 
ture coefficient Qf resistance characteristic 
of electrolytes. Furthermore, some of its 
physical properties are indefinite. There¬ 
fore, the discusser did not'believe it was 
impossible that there should be a region of 
dielectric breakdown intermediately be¬ 
tween the disruptive and thermal regions 
partaking of the nature of both and repre¬ 
senting a transitional stage. 

Another discusser, F. M. Clark (Pitts¬ 
field, Mass.) also drew attention to the 
nature of the material used. He believes 
that the conclusions drawn by the authors, 
even if accepted, should be limited carefully 
to glass of the type under discussion which 
also should be more clearly described than 
it was in the paper. 

Magnet Steels 

This subject was discussed by W. A. 
Codd (Rochester, N. Y.) who believes 
that the paper checks experimentally Ever- 
shed s criterion of magnetic quality for 
magnet steels and apparently offered a 
considerably, simplified design method in the 
nomogram presented. The discusser also 
inquired in detail about many points in this 
Paper. 

Editor’s Note; The remainder of these summaries 
of winter- .convention discussions is scheduled for 
inclusion xn the May 1932 issue of Electrical 
Engineering. ^ 

April 1932 


A meeting of the executive committee of 
the American Institute of Electrical Engi- 
neers was held at Institute headquarters, 

? e | ^„y°. rk '* 1 N - Y ;> ° n Wednesday, March 
y, 1932, in place of the regular March meet¬ 
ing of the board of directors. » 

C - E. Skinner, chairman, 
P ' ^harlesworth, J- Mlen Johnson, 
W ‘ S 'j Le !« F ; w - Peek, Jr., W. I. SUchter, 
and C. E. Stephens, of the committee, 
and Assistant National Secretary H H 
Henline. 

m 

Resolutions were adopted in memory of 
the late National Secretary F, L. Hutchin¬ 
son and Past-President Harold B. Smith 
as published elsewhere in this issue. 

Resolutions were adopted, authorizing 
and empowering H. H. Henline, assistant 
national secretary, to perform all of the 
duties of the office of national secretary 
until further order of the executive commit¬ 
tee or the board of directors. 

Approval was given to actions taken by 
the board of examiners at its meeting of 
March 2, 1932; and upon the recommenda¬ 
tion of the board of examiners the following 
actions were taken upon pending applica¬ 
tions: one applicant was elected to the 
grade of Fellow and two were transferred to 
the grade of Fellow; two applicants elected 
and 21 transferred to the grade of Member; 
218 Associates elected; 99 Students en¬ 
rolled. 

The approval by the finance committee 
°f monthly bills amounting 
to #28,519.97 for January and $25,729.56 
for February was ratified. 

The assistant national secretary reported 
that upon being advised of the action of the 
board of directors in January, calling for a 
reduction in the expenses of the meetings 
for the remainder of the year 1932, the execu¬ 
te < ?f^ littee of ^ Southern District 
(No. 4) had voted to cancel the District 
meeting scheduled to be held in Memphis, 
Tenn., in November, 1932, with the idea 
that a meeting will be held the latter part 
of 1934 instead. 

, Appointment by the president of the 
following committee of tellers to canvass 
and report upon the ballots cast in the 1932 
election of Institute officers, was confirmed: 

J. T. Wells, chairman, L. B. Bogan. H. B 
E1 y> S. Pjimell, G. J. Read, R. H. Twiss, 
and Ernst Volckmann, 

The resignation of J. C. Parker as a repre¬ 
sentative of the Institute on the standards 
council of the American Standards Associa¬ 
tion was presented, and the president was 
authorized to appoint a representative for 
the unexpired term of Mr. Parker, ending 
December 31, 1932. ° 

Col. W. B. Jackson was appointed a 
representative, of the Institute on the Com¬ 
mission of Washington Award, for the 
2-year term beginning June 1, 1932, to suc¬ 
ceed Prof. C. F. Scott, whose term expires at 
that time. Appreciation of the services ren¬ 
dered by Professor Scott in this capacity 
over a long period of years, was expressed. 

The president was empowered to nomi¬ 
nate for appointment by the president of 
the National Academy of Sciences, a repre¬ 
sentative of the Institute on the division of 
engineering and industrial research of the 


• 

National Research Council, for the 3-year 
term beginning July 1, 1932, to succeed 
F. W. Peek, Jr., whose term expires at that 
tune and who is ineligible for immediate 
reappointment. 

Upon recommendation of the committed 
on education, it wa% voted to endorse the 
activity of the Society for the Promotion of 
Engineering Education in its sumriier schools 
for engineering teachers. 

An invitation from the National Academy 
of Sciences to be represented by a delegate 
at the celebration of the one hundredth 
anniversary of the electrical discoveries of • 

iqqo P ^ on the evenin e of Aprjl 25, 
1932, m Washington, D. €., was Accepted, 

and the president was authorized to appoint 
a delegate. , 

It was also voted to accept the invita- 
tion ? to send a representative to the cele¬ 
bration, on April 11, 1932, of the opening 
of _“ e new Patent office in Washington. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of Electrical Engineering. 

• 

Doctor Langmuir Receives Science Award. - 
The annual award of $10,000 offered by 
Popular Science Monthly, this year went to 
pr- Irving Langmuir, physicist, chem¬ 
ist, and associate director of the research 
laboratories of the General Electric Com¬ 
pany. The following institute members • 
were among the committee of eminent 
engineers and scientists which chose Dr. 
Langmuir: Dr. F. B. Jewett (A’03, F’121 
vice-president of the American Telephone 
and Telegraph Company, chairman; Dr 
C. F. Kettering (A’04, F’14) president and 
general director of the General Motors re- 
iaboratories; Dr. S. M. Kintn^r 
(A 02, M’03> vice-president of the West- 
mghouse Electric and Manufacturing Com¬ 
pany; Dr. R. A. Millikan (M*22) chair¬ 
man of the executive council, California 

° f Technol °gy; Philander Norton 
(A 11) assistant to the president, Bell Tele¬ 
phone Laboratories; and Dr. Willis R. 
Whitney (A’01) vice-president and direc¬ 
tor of research of the General Electric Com¬ 
pany. 


A.A.A.S. and Associated Societies to Meet 
at Syracuse.-—Following the custom estab¬ 
lished last year of holding annually a sum¬ 
mer meeting of truly national character 
the American Association for the Advance^ 
ment of Science, together with associated 
societies, will hold their second annual sum¬ 
mer meeting in Syracuse, N. Y., June 20- 
25, 1932. Syracuse University will act 
as host for the meeting. Dean H. P. Baker 
of the College of Forestry has been ap¬ 
pointed chairman of the steering committee 
and has organized the various committees 
which are to function in making the sChy of 
the 2,000 scientists, who it is expected will 
attend the meetings, a pleasant one. The 
facilities at Syracuse University have been 
found suitable as a meeting place for such a 
large group. In addition to the hotels. Uni¬ 
versity accommodations will be available for 
housing the visitors during the week of the 
convention. Visiting scientists will be able 
to make excursions to any points of interest 
in the vicinity, and guides will be furnished 
for the various.trips. 
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Post-College Education 


Popular With Chicago Engineers 


I" OR NEARLY three years the educational 
committee, of the Chicago Section cf the 
Institute has been actively promoting the 
post-college education of engineers in that 
district. Prof. Edward Bennett, chairman 
of the. Institute’s^ committee on education, 
set forth the case for post-college education 
for engineers in his article in the Journal 
of the Institute for April 1929, p. 310, and 
R. F. Schuchardt, 'then president of the 
Institute, gave further encouragement to the 
idea in his editorial on p. 259 of the same 
issue. The annual report of the committee 
on education under Professor Bennett’s 
chairmanship was given in the Journal for 
September 1929, p. 677, and amplifies the 
importance of stimulating interest in the 
systematic continuation of engineering edu¬ 
cation after college. 

The Chicago Section actively took up the 
work of post-college education among engi¬ 
neers and has obtained surprisingly success¬ 
ful results. A progress report on activities 
of the education committee of this Section 
has been prepared by Burke Smith, chair¬ 
man, and should be of interest to other 
Sections. The paragraphs following are 
taken from Mr. Smith’s report: 

An education committee for the Chicago 
Section was appointed in the summer of 1929 
and has continued to function since that 
date. The committee at that time had no 
data to guide it, since no educational work of 
the nature here considered was being done 
by any engineering organization in Chicago. 
A questionnaire was sent to the membership 
requesting a reply from those members who 
would be interested in continuing their 
education by attending evening classes’ or 
lectures along certain specified technical 
lines. Out of some 1,200 members, replies 
. were received from approximately 100, a 
rather meager response which in the light of 
the success of all courses offered indicates 
that questionnaires are of value only in so 
far as they are indicative of choice between 
different courses. 

As a result of a preliminary study of the 
situation by the committee, the following 
conclusions were reached: 


1. It appeared to be worth while to arrange for 
Educational courses to be offered In the evening, 
a fee to be charged covering the cost of instruction, 


2. While it is recognized that cultural subjects are 
of great value and interest to practising engineers, 
such subjects are offered by various educational 
institutions, in Chicago or by correspondence 
courses and there appeared to be no need, therefore, 
for the Institute to arrange for courses of this 
nature. 


3. It iffas felt that due to the limitations of the 
present 4-year engineering curriculum, practising 
engineers would be interested in technical subjects 
of a somewhat advanced nature which would sup¬ 
plement their undergraduate work. 


4. In addition to the need for formal classroom 
work in advanced subjects, it was assumed that 
there is also a desire for lectures covering recent 
developments in physical science which would 
enable practising engineers to keep in touch with 
contemporary scientific progress. 


5. It was proposed that any courses offered should 
be administered by an educational institution rather 
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than by the Institute, thus relieving the Institute of 
the responsibility for arranging for instructors or 
lecturers, determining the form in which the subject 
matter should be presented, collecting fees, etc. 


After a program of course* had been 
planned, it was decided to invite other 
engineering organizations in Chicago, such 
as the Western Society of Engineers and the 
Chicago Section of the Institute of Radio 
Engineers to join, so that a larger number 
of engineers might* be interested and the 
enrolment in any courses offered might be 
increased correspondingly. 

In accordance with the above policy, the 
following courses were offered, beginning in 
January 1930: 


1. Engineering Economics. Classroom instruction, 
one session each week for ten weeks. This course 
was given by Armour Institute of Technology under 
the direction of Prof. E. H. Freeman; fee for the 
course, $10. 


2. A lecture series on recent developments in elec¬ 
tron physics and electrochemistry consisting of ten 
evening lectures, one per week, by members of the 
staff of the University of Chicago; fee for the series, 
$5. The following subjects were covered: the na¬ 
ture of the electron, the nature of heat, the nature of 
light, cosmica! mtftter, molecular spectra and 
molecular structure, the arrangement in solids, 
modern theories of strong electrolytes, the electron 
in organic chemistry, the Werner coordination 
theory, and atomic species, isotopes and radio- 
activity r 


The registration in engineering economics 
proved to be so large, 126 persons, that it 
was necessary to divide the class into two 
sections. Early in the fall of 1930 arrange¬ 
ments were made with Armour Institute of 
Technology to repeat the course, and a sec¬ 
ond class was organized with a registration 
of 39. 

The registration in the lecture series on 
recent developments in electron physics and 
electrochemistry was 290. In view of the 
evident interest in these lectures an addi¬ 
tional series of three lectures on electronics 
and three lectures on the theory of conduc¬ 
tors and dielectrics was offered beginning 
in October 1930 and covering the following 
subjects: 


Classical electron theory aud positive rays, modern 
conceptions of the electron, television and the elec¬ 
tron, conduction in gases, conduction in liquids and 
solids, and conduction in dielectrics. 


The registration for the first three lec¬ 
tures was 355 and for the last three, 208. 
The fee for each series of three lectures 
was $1. 

The total number of registrations for the 
courses offered during the calendar year 
1930 amounted to 1,018. • 

Activities during 1931 consisted of the 
following, all offered by the University of 
Chicago: 


1. A classroom course in transient phenomena and 
advanced circuit theory offered in January in con¬ 
nection with the evening, school which; the Uni¬ 
versity maintains in the downtown district of 
Chicago. The registration was 43, and the regular 
tuition fee of $12.30 for 12 weeks was charged. The 
University of Chicago does not have an engineering 
school, but arrangements, were made to secure Prof. 


- * 


E. B. fame of the University of Illinois as instruc¬ 
tor. 

• 

2. A classroom course in modern circuit theory 
beginning in October and continuing for 24 weeks. 

The registration was 40, and the regular tuition fee 

# of $25 charged. * 

3. A series of three lectures on acoustics given in 
October. Registration, 210. Fee for the series, 
$1.50. 

All of the above courses were open to any 
who cared to register for them and were 
offered with*the cooperation of the Chicago 
Section of the Institute of Radio Engineers 
and the Western Society of Engineers. From 
28 to 38 per cent of those who attended were 
members of the Institute. 

The question of fees was discussed with 
the educational institutions and the amount 
to be charged for each lecture series was de¬ 
termined on the basis of meeting expenses 
with the expected enrolment. It was under¬ 
stood that if expenses were not covered by 
the fees in the initial courses the Institute 
would share with the educational institu¬ 
tions in making up the deficit. For the 
classroom courses offered by the University 
of Chicago, it was understood that none 
would be given if a sufficient number of stu¬ 
dents was not enrolled at the first mfieting to 
make it possible to meet expenses. Those 
who had not been enrolled previously in the 
University were charged a matriculation fee 
for these courses. 

Conclusions 

Based on the record of a registration of 
over 1,000 in the courses which were offered 
during 1930, and a continuation of interest 
during 1931, there can be no doubt that 
under the conditions existing in Chicago 
there is a desire for post-college evening 
courses of the following general nature: 

1. Classroom work covering advanced subjects such . 

as are usually given in resident post-graduate 
courses in mathematics, physics, and engineering 
subjects. • , 

2. A connected series of lectures on selected topics 
in the physical sciences, given by specialists and 
designed to enable graduates to keep up with con¬ 
temporary advances in these fields. 

The question arises as to whether the de¬ 
mand for educational courses of the type de¬ 
scribed will continue. It seems that this will 
depend upon how well the iocal education 
committee succeeds in interpreting and put¬ 
ting into effect the wishes and needs of the 
members. Evening instruction in engineer¬ 
ing subjects of an undergraduate level is not 
a new idea. That evening instruction of an 
advanced nature can be offered successfully 
over a period of years is shown by the ex¬ 
perience of the Chicago Section of the Amer¬ 
ican Chemical Society, which since 1923 has 
provided for its members instruction in ad¬ 
vanced courses in chemistry, with results 
Which have been uniformly successful. A 
description of this project is given in an 
article by Arthur Guilladeau and W. V. 
Evans in the Journal of Chemical Education 
for November 1928. Another example is 
that of tiie Polytechnic Institute of Brook¬ 
lyn which for a number of years has main¬ 
tained evening classes in engineering sub¬ 
jects of graduate level. 

It is believed that if a definite sequence of 
courses is laid out requiring two or three 
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years for completion, there will be many 
engineers who will wish to enroll for Jhe en¬ 
tire series. Such a sequence may be selected 
easily although obviously the particular 
courses which may be offered will depend 
, upon the possibility of arranging for Jh- 
• structing personnel. 

Following is a brief list of subjects which 
might form the nucleus of such a sequence. 
Many of these subjects are now offered as 
resident advanced courses in our larger engi¬ 
neering schools and universities. Some are 
more suitable for classroom work and others 
for a lecture series. The list of course dould 
be greatly extended: 

Engineering economics, differential equations for 
engineers, vector analysis with engineering applica¬ 
tions. electric wave theory, Heaviside’s operational 
calculus with applications, transient phenomena and 
advanced circuit theory, advanced theory of elec¬ 
trical machinery, theory of vacuum tubes and their 
circuits, acoustics, modern theories of magnetism, 
conduction of electricity through gases, modern 
theories of the electron, theory of conductors and 
dielectrics, the photoelectric effect, and the quan¬ 
tum theory of radiation. 

« 

Where facilities for experimental work and 
credit toward an advanced degree can be 
offered in connection with evening work a 
larger number of students will be attracted. 
Such facilities are available to evening stu¬ 
dents in only a few of the larger centers, 
however, and in most cases the instruction 
must of necessity be theoretical. In this 
connection it is possible that reading courses 
or a reading list service covering advanced 
subjects for the guidance of those engineers 
. who do not live within easy reach of educa¬ 
tional centers would be welcomed. At least 
one large university is now offering such a 
service to its alumni to enable th*™ to fol¬ 
low a systematic course of reading in fields 
in which they are particularly interested. 
Results in Chicago to date indicate more 
interest in courses in pure science than in 
advanced engineering subjects. 

It is well known that many industrial 
orgamzations'offer technical training to their 
employees either in cooperation with the 
universities or as instruction courses under 
tiie direction of their own staffs. Such train¬ 
ing is usually along special lines pertaining 
to the particular industry and does not sup- 
ply the need for more courses 

or for work leading to an advanced degree. 
The educational activities of industrial or¬ 
ganizations should supplement rather 
conflict with any program which may be set 
up by the Institute Sections. 

An educational program is a joint under¬ 
taking and in order to be successsful the 
responsibility for it must be shared by both 
the educational institutions and the engi¬ 
neers. There is ample evidence that the 
•colleges and universities are alive to the 
situation and are willing to do their part. 
Now, therefore, is an opportune time for the 
•options, through their education com¬ 
mittees, to take the lead in making known 
their needs and developing plans to satisfy 
these needs in cooperation with the uni¬ 
versities. ' ' . 

In conclusion, it may not be amiss to take 
stock Of the results which may be expected 
to accrue over a period of years from a 
systematic educational program such as is 
here outlined: 

. ; ’ . ^■. ; -•. :**' 

1. The cooperation of educational institutions and 
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engineering societies will result in a closer affiiin+j n n 
of all the sfcmps concerned. 

2. The engineers individually and the industries in 
which they are employed will gain from-the further 
training and broader outlook of those who partici¬ 
pate. * 

% 

3. An increased appreciation of the ‘Value of the 
Institute to members and non-members aHty wilt 
result. 

In view of the evident desire on the part of 
practising engineers for a continuation of 
engineering education, and the future possi¬ 
bilities in this field, the statement from the 
report of the committee on education which 
was quoted at the beginning of this article 
does not seem to over-emphasize* the im¬ 
portance of the movement and the need for 
adequate provision for a program of post¬ 
college education. 


M.l.T. Plans New 
Division of Studies 

The distribution of its curriculum into 
five, distinct^ branches, namely, school of 
science, school of .engineering, school of 
architecture, division of humanities, and 
division of industrial cooperation, was an¬ 
nounced March 10, 1932, by Dr. Karl T. 


Compton, president of Massachusetts Insti¬ 
tute of Technology. The following ap¬ 
pointments have been made accordingly: 
Dr. Vannever Bush (A*15, F’24) a member* 
of the faculty of electrical engineering sirire 
1923, vice-president and dean of Tragmler- 
mg; Dr. Samqei C. Prescott, dean of 
science; Prof. William Emerson, dean of 
architecture. . 

Doctor Compton is quoted as having 
slated that this new plan is a natural exten¬ 
sion of an administrative plan started two 
years ago in the appointment of a chairman* 
of the corporation and a president of the 
M.I.T. The new subdivision recognizes 
the five major aspects of the work, the three 
spools comprising those departments in 
which degrees are given, and this two di¬ 
visions, essentially for "service” purposes, 
t® give the students the benefit of a further 
cultural training and background rimm e d 
essential to a well-balanced training, and 
designed to make as effective as possible the 
assistance which the M.I.T. desires to 
render in various ways m soling the tech¬ 
nical problems of business and industry. 

What is counted an important feature of 
this new plan is definite recognition of the 
graduate school. With every evidence 
this work is becoming relatively more and * 
more important, it has seemed advisable 
to provide more adequately for its con¬ 
structive administration through the estab¬ 
lishment of a graduate school embracing 


The Engineer—a Parable 

ONE DAY three men, a Lawyer, a Doctor, 
and an Engineer, appeared before St Peter 
as he stood guarding the Pearly Gates. 

The first man to step forward was the 
Lawyer. With confidence and assurance, 
he proceeded to deliver an eloquent ad¬ 
dress which left St Peter dazed and be¬ 
wildered. Before the venerable Saint 
could recover, the Lawyer quickly handed 
him a writ of mandamus, pushed him aside, 
and strode through the open Portals. 

Next came the Doctor. With impressive, 
dignified bearing,, he introduced himself: 

I am Dr. Brown. St. Peter received him 
cordially. I feel I know you. Dr. Brown. 
Many who preceded you said you sent 
them here. Welcome to our City!” 

The Engineer, modest and diffident, had 
been standing iu the background. He now 
stepped forward. I am looking for a job,” 
he said. St. Peter wearily shook his head. 

I am sorry, he replied/ "we have no 
work here for you. If you want a job, you 
can go to Hell. This response sounded 
familiar to the Engineer, and made him feel 
more at home. Very well," he said/ "I 
nave had Hell all my life and 1 guess I can 
stand it better than the others.” St. Peter 
was puzzled. "Look here, young man, 
what are you? I am an Engineer,” was 
the reply. Oh yes," said St. Peter, "Do 
y ou , to ,^ e Locomotive Brother¬ 

hood? No, I am sorry,” the Engineer 
responded apologetically, I am a different 

ij c? I ns ne ?. r * i I do not understand," 

said St Peter, what on Earth do you do?” 
The Engineer recalled a definition 4nd 
calmly replied: I apply mathematical prin¬ 
ciples to die control of natural forces.” 

I his sounded meaningless to St Peter, and 
his temper got the best of him. "young 
man, he said, you can go to Hell with 


your mathematical principles and try your 
hand on some of the natural forces there!” 

I hat suits* me, responded the Engineer, 

I am always glad to go where there is a 
Jough job to tackle. Whereupon he de¬ 
parted for the Nether Regions. 

And it came to pass that strange reports 
began to reach St. Peter. The Celestial 
denizens, who had amused themselves in 
the past by looking down upon the less 
fortunate creatures in the Inferno, com¬ 
menced asking for transfers to that other 
domain. The sounds of agony and suffer¬ 
ing were stilled. Many new arrivals, 

mo. se n n ? , P |ace S/ selected the 
Nether Region for their permanent abode. 
Puzzled, St. Peter sent messengers to visit 
Hell and to report back to him. They 
returned, all excited, and reported to St. 
Peter: 

"That Engineer you sent down there,” 
said the messengers, “has completely trans¬ 
formed the place so that you would not 
know it now. He has harnessed the Fiery 
Furnaces for light and power. He has 
cooled the entire place with artificial re¬ 
frigeration. He has drained the Lakes of 
Brimestone and has filled the air with cool 
perfumed breezes. He has flung bridges 
across the Bottomless Abyss and hasi>ored 
tunnels through the Obsidian Cliffs. He 
has created paved streets, gardens, parks 
and playgrounds, lakes, rivers, and beauti¬ 
ful waterfalls. That Engineer you sent 
down there has gone through Hell and has 
made of it a realm of happiness, peace, arid 
industry! 

By D. B. Steinman, President of the New York State 
Society of Professional Engineers, and Past-President 
of the American Association of Engineers. Reprinted 
from “The American Engineer” for January 1932 . 
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engineering, science, and architecture. 
- Notwithstanding this new subdivision, how¬ 
ever, the faculty as a whole will continue 
to be the final authority in matters of educa¬ 
tional procedure. The new organization 
provides lor an administrative council, an 
informal organization which will hold 
weekly meetings in order to keep fully *n- 
«* formed of the progress of« various depart¬ 
ments. This council will consist of Presi¬ 
dent Compton, Vice-President Bush, mem¬ 
bers of the executive<cornmittee, Dean Pres¬ 
cott, Dean Emerson, the president of the 
alumni association, the chairman of the 
faculty, •the. director of the division of in¬ 
dustrial cooperation,” the deans of graduate 
students and students, and the bursar. 

e i p 

To Institute Members 
Planning T/ips Abroad 

Members of the Institute who contem¬ 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had 
reciprocal arrangements with a number of 
•* foreign engineering societies for the ex¬ 
change of visiting member privileges, 
which entitle members of the Institute 
while abroad to membership privileges in 
these societies f#r a period of three months 
and members of foreign societies visi ting the 
United States to the^ privileges of Institute 
meqibership for a like period of time, upon 
presentation of proper credentials. A form 
of certificate which serves as credentials 
from the Institute to the foreign societies 
. for the use of Institute members desiring to 
avail themselves of these exchange privileges 
may be obtained upon application to Insti¬ 
tute headquarters. New York. TJie mem¬ 
bers should specify which country or- 
countries they expect to visit, so that the 
proper number of certificates may be pro¬ 
vided, one certificate being addressed to only 
one society. ’ 

The societies with which these reciprocal 
arrangements have been established and 
are still in effect are: Institution of Elec¬ 
trical Engineers (Great Britain), Soci6t6 
Franpaise des Electridens (France), Associa¬ 
tion Suisse des Electridens (Switzerland), 
Assodazionc Elettrotecnica Italians (Italy), 
Koninklijk Instituut van Ingenieurs (Hol¬ 
land), Verband Deutscher Elektrotechniker 
* B. V. (Germany), Norsk Blektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen (Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotech- 
nicky Svaz Ceskoslovensky (Czechoslova¬ 
kia,) The Institution of Engineers, Australia 
(Australia), Denki Gakkwai (Japan), and 
South African Institute of Electrical En¬ 
gineers (South Africa). 

- r*. 

Touring Arrangements for I.E.C. Con¬ 
gress.— For those going to the International 
Electrical Congress to be hdd this summer 
in Paris, France, provisions have been made 
with Thomas Cook & Son to provide trans¬ 
portation arrangements for those desiring to 
avail themselves of this service. According 
to the best information available, the con¬ 
gress will open Monday, July 4, 1932, and 
dose July 12. Accordingly, Thomas Cook 
& Son thinks that the Cunard liner "S. S- 
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Franconia,” r leaving New York, N. Y., June 
24 and due to arrive at Havre, France, July 
2, will be the most convenient and satisfac¬ 
tory vessel for such a paity, and it already 
has reserved some space on this boat. The 
services^ of this organization also will be 
available for arranging subsequent tours 
in Europe, and to assist in securing pass¬ 
ports, and supplying travelers’ checks. In¬ 
quiries should be addressed to Thomas Cook 
& Son, either in Bostofc, New York/-or other 
convenient cities, as early as possible. " 

Dr. W. D. Coolidge Receives Washington 
Award.—Following a dinner and reception 
February* 24, 1932, at the Hotel Sherman, 
Chicago, Illinois, Dr. W. D. Coolidge 
(ATO) associate director of the research 
laboratory of the General Electric Company 


Letters lo the 


Discussion of „ *’ 

“E.E." Articles Invited 

Institute members and subscribers hereby 
are invited to discuss in these columns any 
of the articles appearing in Electrical 
Engineering. Because of the many letters 
recdved, if is not feasible to publish all, but 
an endeavor will be made to include those 
which appear to be of the most general 
interest. The shorter letters in general are 
more popular; hence conciseness is a desir¬ 
able quality in all cases. Electrical Engi¬ 
neering reserves the right to publish letters 
either in full or in part. 


Edison's 

Self-Consistency 

To the Editor: 

With all that we are saying and reading 
about pur beloved Edison these days, a 
thought came to me that is quite different 
from those which I have heard expressed by 
any one. Others may have had it and not 
expressed it, fearing that it was pointing 
out a limitation in his efforts, and ability. 
To me, it shows his strength of character 
and good judgment. 

At this time, when all his admirers are 
vying with each other in telling of his in¬ 
numerable accomplishments, it may seem 
disrespectful to point out a field of electri¬ 
cal. endeavor that he consistently avoided. 
Edison unquestionably appreciated that to 
succeed in any line even he must be en¬ 
thusiastic, and his early commercial fight 
with those who pioneered in a-c. develop¬ 
ment naturally left him without enthusiasm 
in this direction. 

A lesser mind, as the commercial possi¬ 
bilities of alternating current rapidly de¬ 
veloped, would have been tempted to join in 
the effort and thus share in the commercial 
rewards. Not so for Edison, who was al¬ 
ways true to himself. The pioneer inven¬ 
tors and engineers who were working with 
a-c. generators, motors, and transformers 
would have had a formidable competitor 
in Edison had he decided to enter this field^ 


• n 

of Schenectady, N/>Y., was presented the 
Washington Award for 1932, “in recognition 
of devoted, unselfish, and preeminent ser¬ 
vice in advancing human progress.” Doc¬ 
tor Coolidge is to be the eleventh so honored 
by'the award commission, the first presenta¬ 
tion being to President Hoover in 1919. 
Dr. H. W. Chase, president of the University 
of Illinois, delivered the principal address of 
the evening, evaluating the importance of 
research in the present social order. Pre¬ 
sentation of the award was made by F. D. 
Chase, president of the Western Society of 
Engineers, which administers this award 
founded 16 years ago by John Watson 
Alvord. A personal item containing news of 
this award to Doctor Coolidge was given in 
Electrical Engineering for March 1932, 

p. 210-1. 
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He evidently decided that he had abundant 
opportunities elsewhere. 

Is there not in this a lesson teaching the 
young engineer to select, if possible, lines 
of work that appeal to his enthusiasm rather 
than some that give perhaps better im¬ 
mediate prospect of higher financial re¬ 
turns? One must obtain unusual results to 
get superior rewards and such results are 
seldom attained without the assistance of. 
enthusiasm. * 

Very truly yours, 

WALTER S. MOODY (F’12) 
(Consulting Electrical Engineer, 
155JDawes Ave., Pittsfield, Mass.) 


Diversification 
in Articles Commended 

To the Editor: 

The letter of protest tendered by Mr. 
F. G. Strong of Wethersfield, Connecticut, 
against the article “Nerve Injuries from 
Electric Shock,” and appearing in Elec¬ 
trical Engineering (Feb. 1932, p. 138) 
is at once a concentrated source of astonish¬ 
ment and argument to me. 

This attitude seems to fortify the im¬ 
pression gained by me during the past two 
years that Electrical Engineering and 
its predecessor, the Journal of the A.I.E.E, 
caters primarily to the power aspects of 
the electrical engineering profession. The 
appearance of the aforementioned article 
and various others of its type, not neces¬ 
sarily dealing with the medical aspects of 
electricity, has accomplished a great deal 
in dispelling this illusion from my mind. 

With due respect for Mr. Strong’s more 
experienced viewpoint, I nevertheless de¬ 
sire to commend Electrical Engineering 
in its display of the appreciation that the 
electrical engineering profession does not 
comprise a group of power engineers solely; 
but, that it also includes engineers asso¬ 
ciated with a multitudinous array of other 
valuable applications of that wonderful 
realm of reality—Electricity. 

Very truly yours, 

M. K. Kunins (A’32) 

(Jr. U.S. Radio Inspector, 
p Radio Div., Dspt. of Com¬ 
merce, Buffalo, N. Y.) 
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Unity Power Factor * 
for Neon Tube Signs 

To the Editor: 

M ^Neely and Law en- 
d „ Umty Power Factor for Neon Tube 
Signs and appearing in the November 1931 
*ooo e o , of Electrical Engineering, p. 
*80-8,leaves the reader with the impression 
that the constant current circuit is the best 
and most economical solution, in all cases, 
of the problem of producing luminous tube 
signs with high power factor., I am writing 
to point out some of the reasons why this 
aas no * been generally adopted. 

The data given by the authors relates to 
the special case of a small sign with a fixed 
load of tubing. It is not indicated whether 
calculations or tests were made on larger 
signs and transformers with varying lengths 
of tubing. From the data given it appears 
Uiat the tests reported were made on trans¬ 
formers of about 2,500 volts open circuit, de¬ 
livering 15 milliamperes to the tubing, 
buch transformers are generally used with 
small window or show-case signs, and be¬ 
cause the load taken by them is small and 
they are usually connected to circuits 
carrying a relatively large load of incan- 
descenf lighting, the power factor of the 
individual sign is not of great importance. 

The problem of power factor is most 
important in the case of large signs which 
employ transformers of 12,000 or 15 000 
volts open circuit rating, delivering ap¬ 
proximately 25 milliamperes to the tubing. 
There are some problems encountered with 
these larger transformers' which do not 
apply to the smaller, lower voltage units 
As the authors point out, when the con¬ 
stant current circuit is employed the trans- 
former primary winding will take a sub¬ 
stantially constant current, even when the 
secondary of the transformer is open- 
circuited. Under these conditions the 
enbr e current becomes exciting current, 
and the secondary voltage is limited only 
by the saturation of the core.. Since it is 
not feasible to insure that the transformer 
may never be operated with open-circuit, 
constant current circuit 
therefore involves a serious hazard to the 
insulation of the transformer, and the cable, 
electrodes, etc*, in the sign. Furthermore, 
the open-circuit voltage of transformers 
used ^luminous tube signs is definitely 

limited by the National Electrical Code. 

In determining the amount of capacity 
required to obtain maximum power factor 
correction with commercial transformers 
the authors have evidently connected the 
capacitors directly across the 110-volt cir- 
cmt. They have not taken account of the 
generally accepted arrangement of operating 
the capacitor at higher voltage, using the 
primary winding of the transformer as an 
auto-transformer to obtain this voltage, 
bince the corrective effect of a capacitor 
is proportional to the square of the volt¬ 
age, this arrangement results in substan¬ 
tial economy. A 15,000-volt 25-milliampere 
transformer carrying a normal load of 
tubing, can be made to operate at a power 
factor wdl over 90 per cent by the use of as i 
l J™ e “ of capacity operating at about , 

500 volts. Of course the capacitor must be < 

suitable for use on this voltage, but most ‘ 
modem capacitors are, and because of « 
mechanical limitations, very little can be i 
gamed by rating them at a lower voltage. i 
The fact that the installation using the s 
constant current circuit can, and probably ] 
must, be made up of several individual a 
devices is likely to prove a disadvantage 
rather than an advantage. In the case of r 
small window or show-case signs it is de- \ 
sirable the sign manufacturer assemble t 

the sign complete, leaving the installation b 


job as simple as possible. In the case of 
large outdoor signs, this is also, true, with 
the additional consideration that such signs 
frequently contain many transformers, a 
. ® Hf e .°: separate-reactors and capacitors 
installed inside the building, with separate 
circuits* to the individual transformers 
would be prohibitive because of cost and 
complication. * 

A capdcitor sufficient for power factor 
correction can be placed in the same case 
with the conventional transformer, with a 
small increase in one dimension only, pro¬ 
viding a self-contained high power factor 
unit, _ interchangeable as to mounting di¬ 
mensions with the conventional low power 
factor transformer. 

Still another difficulty that might be ex- 
pected with the constant-current cftcuit re¬ 
sults from the fact that many of the higher 
voltage transformers are operated with the 
midpoints. of the secondary windings 
grounded, in order to limit the voltage that 
may be applied under abnormal conditions 
a T f tubm & and other parts of the circuit. 
Accidental grounds may, and do, occur in 
the high voltage circuit. With the con¬ 
ventional high reactance transformer the 
current in the winding thus short-circuited 
is limited by the impedance of the trans¬ 
former to a safe value. With the constant- 
current circuit, the primary would con¬ 
tinue to force a definite number of ampere- 
turns through the secondary winding, 
these ampere-turns dividing between the 
two halves of the winding in inverse pro¬ 
portion to the impedances. 

With one half of the winding short- 
circuited and the othef* half open-circuited 
or loaded, the short-circuited half would 
supply most of the ampere-turns, with 
resulting over-load and probable burn-out. 

Very truly yours, 

R. H. Chadwick (A’17; M’26) 
(Engineer, Transformer Di¬ 
vision, General Electric Co., 
Fort Wayne, Ind.) 


Electrical 

Precipitation 


To the Editor: 

In connection with the article "Elec- 
tncal Precipitation,” by Simon and Kron, 
which appeared in the February issue of 
Electrical Engineering, p. 93-5, I de- 
sire to point out a few of the results 
which have been obtained in the develop- 
m ? nt theory and technique by those 
scientists and engineers who have devoted 
so much effort to this art during the past 
twenty years, both here and abroad. 

To mention but one of the many studies 
which have been made, E. Anderson and 
other engineers of the Western Precipita¬ 
tion Company carried on extensive experi¬ 
ments at Santa Cruz in 1919, using not a 
single size pipe electrode as reported by 
Simon and Kron, but 3-in, 4-in., 6-in;, 
9-in., and 12-in. tubes of from 5 ft. to 20 ft. 
m length. One of the many important 
results of this particular study was the 
development of a formula for precipitator 
efficiency, g - 1 - K>, in which K is a 
constant, Simon and Kron use a con- 
stant a. If we let K = «■-«■ W e find the 
developed by them to be identical 
with that of Anderson and equivalent to 
similar formulas developed by various 
European investigators, notably Heinrick 
and Deutsch. 

It must be emphasized, however, that the 
manner in which this formula is used is of 
vital importance. A point long recognized 
by precipitation engineers but overlooked 
in the reports of the Simon and Kron 


investigation is the fact that tfie “con- 
stant a (or K) is not nearly so constant 
as might be desired; nevertheless, the for- « 
‘I * Se< ? contin nally in precipitator 
knt always with due consideration • 
of its recognized limitations. These limita¬ 
tions have made those who best appreciate 
them extremely hesitant in the publication 
of their results. • 

“Mie apparatus used for the measurement 
of dust concentration and described by 
Simon and Kron, is not used in electrical 
precipitation investigation because of its 
inherent inaccuracy as a gaire of rftnji- 
“»*“* whm tW is a variMion ta S 
S P °] ? e du ?t Partite. It has been re-* 
& T . olman (Journal of American 
Chetmcal Society, V..41, 1919, p, 307) that 

Sf i lght bea . m length through a dust 
gas vanes with the concentration of 
dust between limiting formulas in Which, for 
smaH particles, the particle diameter ap- 
P^rs directly as the cube, and for the 

Thf'^S C lf u“ VerseIy as ^power. 

The Tyndall beam type of instrument is 

therefore of little value in the comparison of 
inlet and outlet concentrations if there is any 
marked diange in the flust particle size 
between the two points of measurement. 

An electrical precipitatSr will produce-such 
a change in*dust particle size to a verv 
m *f e , d degree, especially in the case of 
partides of the kind used by Simon and Kron. 

1 his. fundamental characteristic of the 
measunng device is doubtless responsible * 
for Ihe difference which exists between the 
conclusions reached by Simon and Kron and 
the facts established by engineers and 
scientists who, under the auspices of Lurgi- 
Apparatebau-Gesellschaft, Siemens-Schuc 
kertwerke, Lodge-CottreU, Ltd.. Western 
Precipitation Company* and Research Cor¬ 
poration, have been working on this pr<5b- 
lem for more than a score of years. 
ms* especially to the statement that 
efficiency is a positive exponential function 
of the current and the statement that the 
voltage, in so far as it affects the electrical 
nclui has little effect on efficiency. 

Very truly yours, 

, J. C. Hale (A’lO, M’29) 

(Electrical Engineer, Re¬ 
search Corp., Bound Brook. 

N. J.) 
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Has Man Benefited 
by Engineering Progress 

To the Editor: 

Responding to the invitation to submit 
comments on the question “Has Man 
Benefited by Engineering Progress” I am 
impressed by the letter of Professor Ritten- 
house, in Electrical Engineering, Tanu- 
My 1932, p. 59, as discussion of the Question 
can rim riot in the absence of more exact 
definition. If man is benefited by cheap 
bathtubs, talkies, radio crooners, auto¬ 
mobiles, etc., there is no room for dis¬ 
cussion. Science and engineering gave 
and some others less pleasant to contem¬ 
plate. If, however, benefit to 
results from cultivation of what is beauti¬ 
ful, using the word in its broaden sense, 
and suppression of what is ugly in the world 
and in human relations, the question be¬ 
comes debatable. It might be possible 
to prepare an impressive argument to show 
tiiat man would be better off if every child 
bora with a scientific mind had died in 
infancy. What is the formula for human 
benefit? Homo sapiens is treated in the 
mass in government statistics, but indi¬ 
vidually he is everything from the noblest 
to the lowest of earthly creatures. Any¬ 
thing that promotes a higher average of 


e 


r 


character and mentality would be a benefit, 
and perhaps engineering has helped in this 

• direction. « 

Mr, Kohn wants engineers to “work 

• out a new vision of human relations” but 
that does not seem to be a hopeful job for 
the profession. I wonder if a brand new 
engirfeering vision 'would be more popular 
than that given in “Tfie Sermon on the 
Mount.” Erom a practical point of view, 
would it not be better toy do less dreaming 
about a new social scheme, and more hard 
work to make the existing scheme better? 

The membership* of our national organi- 

, zations constitutes a great; body of skilled 
engineers and a host of men of wide prac¬ 
tical business experience. They and their 
predecessors have given the United States 
the machine age civilization that is so much 
admired. They should be worshipped as 
were the priests of Ammon; but on the 
contrary the public and the politicians 
treat them rather like djinns ordered oufcjto 
perform miracles, which, these being done, 
are stored away in bottles. If the sympo¬ 
sium includes the question as to what 
engineers should do to benefit m ankin d, 
then I suggest that American engineers try 
to break out of thp bottle and take their 
proper place in public affairs. Vast sums 
have been, are being, and wiil be, squan¬ 
dered on governmental projects that come 
directly within the province of engineers. 
The people naturally cannot form an in¬ 
telligent opinion of such undertakings, 
those who should guide them are ignored, 
and the political promoters have their way. 

I cannot do better than to refer to the ad- 
•dress on this subject by W. S. Lee, pub¬ 
lished in Electrical Engineering for 
August 1931, p. 641-2. It seems to be a 
sad fact that the* engineer has no real 
standing with the American, public. True, 
we have an engineer as President of the 
United States; but did that fact count in 
his election? I doubt it, for he gets no 
consideration as such, and if instead he had 
been a, first-class politician, he would prob¬ 
ably have had better support. If engineers 
enjoyed public esteem, would it. not have 
been a natural procedure to leave, so far as 
possible, any purely engineering question to 
the judgment of an engineer president? 
The prolonged inane discussions of Muscle 
Shoals in Congress is a case in point. Any 
competent engineer could have cut that dis¬ 
cussion short with a few facts; but none was 
given the opportunity. This country has 
the most highly developed electric power 
supply in the world, and consequently, an 
abundance of experts on the subject; yet 
the United States Senate seriously dis¬ 
cussed supplying electricity to the public 
from that chunk of concrete in the Tennes¬ 
see River, where the flow is as unreliabl e as 
German reparations. Public waste makes 
private want, and engineers can benefit 
m a nk i n d as represented by the people of the 
United . States if they can find a way to 
establish an influence in such public 
affairs as are in their own field, and re¬ 
specting which they only are competent 
to form sound decisions. I do not know 
how this can be done, but it is well worth 
our attention both as engineers who detest 
economic crimes and as patriotic citizens. 
It might be worth while first to try to dis¬ 
cover why engineers are not consulted in 
advance < on government projects, as they 
are in similar private undertakings? Per¬ 
haps it is because our profession is too 
modest or too timid to proclaim the truth 
so that the taxpayer may at least know in 
advance what is coming to him. Mr 
Hooyer recently said that our governments, 1 
federal, state, etc., are "engaged in constant 

- attempt to solve a multitude of public 

VV;^ebi»niahips:to these tools which the engi- 
neem. .constantly force to the very door¬ 


step of the government;” to which he added 
"These problems of public relations are un- 
solvable without the technical assistance of 
the engineer himself.” In concluding his 
address the President of the United States 
insisted that engineers have the obligation 
to contribute to the public servicer If we 
have the ability, persistence, judgment, and 
perhaps sdlf-sacrifice to take on the obliga¬ 
tion, we may then benefit our countrymen, 
if not all man k ind. 

Very truly yours, 

F. V. Hgnshaw (A’§9, M’95, 
Member for Life) (Wood, 
Struthers, & Co., 20 Pine St., 
New York, N. Y.) 


Speakers for Washington 
Bicentennial Celebrations 

During the remainder of 1932, many cele¬ 
brations will be held in commemoration of 
the 200th anniversary of the birth of George 
Washington. The American Engineering 
Council is preparing a list of speakers who 
are especially qualified to address engineer¬ 
ing groups upon the engineering features 
of George Washington’s career, and has re¬ 
quested the Institute to supply some names. 

Members of the Institute who would be 
willing to prepare such addresses to be de¬ 
livered in their localities are requested to 
send prompt notification to Institute head¬ 
quarters, 33 West 39th St., New York, N. Y. 

« 

Specifications for Electrical Heating Ele¬ 
ments.—The American Society for Testing 
Materials is seeking comments on two re¬ 
cently adopted specifications, as follows: 
tentative specifications for "Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical Treating 
Elements” (B82-31T) and "Drawn or 
Rolled Alloy, 60 per cent Nickel, 16 per 
cent Chromium, and Balance Iron, for 
Electrical Heating Elements” (B83-31T). 
Comments on tentative method of "Test for 
Determining the Temperature-Resistance 
Constants of Resistance Alloys” (B84-31T) 
are also requested. Communications rela¬ 
tive to the above should be addressed to 
R. E. Hess, American Society for Testing 
Materials, 1316 Spruce Street, Philadel¬ 
phia, Pa., from whom copies of the specifi¬ 
cations may be obtained. 


the House by Representative E. B. Almoii 
of Alabama. r 

The. purpose of the Almon bill is, first, 
to aid American agriculture and to provide 
for national defense by the employment of 
the Muscle Shoals project, privately oper¬ 
ated primarily for the production of fer-r 
tilizer; and second, to make available for 
the production of chemical products any 
surplus of the Government owned re¬ 
sources. 

The bill would create the Muscle Shoals 
Corporation of the United States, the 
directors of which would be authorized to 
lease for not more than fifty years the 
Muscle Shoals properties of the govern¬ 
ment. It also provides for an appropria¬ 
tion of $5,000,000 to build Cove Creek 
Dam. 

The American Engineering Council, it 
was also announced, is opposed to the 
Muscle Shoals legislation sponsored by 
Senator George W. Norris of Nebraska 
"to provide for the national defense by the 
creation of a corporation for the operation 
of the government properties at and near 
Muscle Shoals in the state of Alabama, to 
authorize the letting of the Muscle Shoals 
properties under certain conditions, and 
for other purposes.” This resolution was 
reported in the Senate, March 9, 1932, by 
the committee on agriculture and forestry. 

A similar resolution by Representative 
W. F. James of Michigan has been referred 
to the committee on mili tary affairs of the 
House. These resolutions are identical 
and contain approximately the same pro¬ 
posals as the legislation which passed 
the Seventy-first Congress and was vetoed 
by the President. * 
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Study Being Given 
Muscle Shoals Legislation 

Dr. H. E. Howe of Washington, D. C., 
Prof. Charles F. Scott (A’92, F’25, HM’29, 
and past-president) of Yale University, 
New Haven, Conn., and J. Dyer of Nash¬ 
ville, Tenn., have been appointed by the 
American Engineering Council to study the 
Muscle Shoals measure introduced in 


Engineering 

Foundation 


Plans for Study of 
Industrial System Discussed 

At a dinner meeting of the Engineering 
Foundation on February 18, 1932, in New 
York, N. Y., consideration was given to 
plans for a study of the industrial system. 
Representatives from the Ame rican En¬ 
gineering Council, the planning committee, 
United Engineering Trustees, Inc., and the 
Engineering Foundation, together with 
several special guests, brought the total 
attendance to 37. 

For several years there has been a growing 
sense of obligation among members of the 
Engineering Foundaton to undertake from 
the engineer’s point of view, research bear¬ 
ing upon economic and other humanistic 
problems. In September 1931, the United 
Engineering Trustees, Inc. submitted a 
proposal for a study of the industrial 
system to the Foundation, and the latter 
has since been giving the subject earnest 
consideration. The planning committee 
appointed is cooperating with the American 
Engineering Council. “ 


Electrical Engineering 


Valuable suggestions were offered during 
the discussion at this meeting, and the 
need for a thorough study was emphasized. 
Definite suggestions were made and the 
desirability of cooperating with members 
of other professions was brought otft. 
,However, the valuable background of 
thought, habit, and experience of the 


engineer should be the center arpund which 
this cooperation should be built up. The 
necessity for courage and determination 
in the study of industrial problems was 
emphasized by several of the discussers, 
all of whom agreed as to the tremendous 
benefits which may be secured from such a 
study. * , 


* • * 

Annual Report Is'sued by 

United Engineering Trustees, Inc. 


In THE annual report of United En¬ 
gineering Trustees, Inc., for 1931, sub¬ 
mitted by John V. N. Dorr, president, 
and Alfred D. Flinn, secretary, it is pointed 
out that the assets for which the corpora¬ 
tion is responsible total $3,425,957.52, 
exclusive of the library and the John Fritz 
Medal fund. The report also mentions 
that outstanding among events of 1931 
was the fourth gift of Ambrose Swasey, 
founder of the Engineering Foundation; 
this gift of $250,000 raised the total to 
three-quarters of a million dollars. 


Through the will of E. H. McHenry, a 
well-known consulting engineer, late of 
Philadelphia, Pa., Engineering Foundation 
benefited to an additional amount estimated 
at approximately $400,000. 

Early in November, United Engineering 
Trustees, Inc., consented to serve as 
treasurer and accountant for the Pro¬ 
fessional Engineers Committee on Unem¬ 
ployment. It is continuing to perform these 
services. 

The development committee in December 
submitted a 4 full report of its extensive 


Summary of 1931 Financial Report 


Operation of Building 

Credit Balance January 1, 1931. 

Less Adjustment 1930. ..•" " 

Building Revenue 1931. 

Building Rxpenditures 1931. ”!!!!!*.!!!!!!!!! . 

Total.... 

Annual Payment to Dep. and Renewal Fund. 

Payment to Reserve for Future Fire Insurance. 1TI! I! I * 

Credit Balance December 31, 1931. 

' Operation of Library 

Maintenance Revenue. 

Maintenance Expenditures.. 

Debit Balance for year 1931. 

Credit Balance from preceding years... 

Total Credit Balance December 31, 1931... 

Service Bureau Revenue... 

Service Bureau Expenditures and Adjustments... 1.!.!..! 

Debit Balance for year 1931... 

Credit Balance from preceding years.. 

Total Credit Balance December 31, 1931.. 


$10,636.73 

-26.00 

-$10,611.73 

126,837.37 

116,648.96 

11,290.41 


$21,902.14 

$12,000.00 

1,660.00 

13,650.00 


$8,352.14 

$50,674.90 

52,011.70 


-1,336.74 

5,688.95 



$4,352.21 

$17,031.56 

17,422.17 


-390.61 

4,733.96 



$4,343.36 


studies for providing needed additional 
accommodations for the engineering socie¬ 
ties. The Engineers' Club joined in this 
work which was devoted largely to a scheme • 
for an “engineering center” but owing to 
business conditions no active steps «are nfiw 
feasible. , 

Through recommendation of the Trustees, 
Engineering Foundation in examining the 
possibilities of an engineering study of the 
industrial system. In passing to the sum¬ 
mary of the financial report, it is worthy of 
note that all departments again closed the 
year without deficits. 


Election Held 

• by Engineering Foundation 

At its annual meeting February 18,1932 
the Engineering Foundation board reelected 
as its chairman H. Hobart Porter (A’96, 
M'12, Life Member) ,presic^ent of the 
American Water Workg and Electric Com¬ 
pany, Incorporated, New York, N! Y.; 
George W. Fuller, consulting engineer,' 
former vice-president of the American So¬ 
ciety of Civil Engineers, New York, N. Y., 
and a member of the firm of Fuller and Me- * 
Clintock, was made vice-chairman. Second 
vice-chairman is C. E. Skinner (A’99, F’12) 
president of the A.I.E.E., and assistant 
director of engineering for th* Westinghousf 
Electric and Manufacturing Company E 
Pittsburgh, Pa. George D. Barron, mining 
engineer, of Rye, N. Y., and D. Rovert 
Yarnhall, of Philadelphia, Pa., vice-presi¬ 
dent of the American Engineering Council, 
were elected to the executive committee. 

Dr. A. D. Flinn continues as secretary and 
director. 

New members and reelected members 
of the Engineering Foundation board whose 
terms began at the annual meeting on 
February 18, 1932, are E. De. Golyer, 

New York, N. Y.; H. P. Charlesworth 
(F’28) representing the A.I.E.E., New 
York, N. Y.; E. R. Fish, Hartford, Conn.; 

G. G. Crawford, Pittsburgh, Pa.; H. Hobart 
Porter (M'12) New York, N. Y.; and 

H. A. Kidder (F’29) New York, N. Y. 


Person 


Funds and Property 

Funds held by U.E.T., Inc. Dec. 31,1931 (book value) 

Depredation and Renewal Fund... 

General Reserve Fund.. ...!!! 

Engineering Foundation Fund... ..... ]‘ ‘ ’ 

Engineering Foundation Fund (4th Swasey Gift). ]...’ * * ’ V [ ] 

Henry R. Towne Engineering Fund.... 

Library Endowment Fund. . ." ’ .. 

Edward Dean Adams Fund. • 

Total...,...,;..... > « 

Real Estate owned, cost to Dec. 31,1931.. 

Operating cash and petty cash. . ’■ ’ 

Accounts Receivable..... „ ....][ ’' 

Endowment Committee Loan Receivable ........ . . . ... .; ;T 

Unexpired Fire Insurance Premiums ............ . ’,.' ’ " • 

Fire Insurance Fund.........' ’•* 

Total Property which U.E.T., Inc. owns or holds...: ..,...... . 

Valuenf Library (as appraised approximately for Insurance)...... 

John Fritz Medal Fund (Custodian)....... .................. 


$303,307.14 

3,934.40 

529,283.66 

253,696.60 

50,115.63 

174,544.32 

100,000.00 

$1,414,971.64 

$1,987,793.92 

10,092.63 

,5,585.83 

1,700.00 

1,213.50 

4,600.00 

$3,425,957.52 

$483,000.00 

3,500.00 
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A. S. Miller (A’Q8, F'12) vice-president 
of the Bartlett Hayward Company, engi¬ 
neers, New York, N. Y., at the January 14, 
1932 meeting of the Engineering Societies 
Library board was reelected chai rman and 
W. I. Slichter (A’OO, F’12) vfos made 
vice-chairman. Mr. Miller is a native of 
Richmond, Virginia; since his graduation 
from Stevens Institute of Technology in 
1888 he has had extensive experience in 
public utilities. In 1911, with Dr. A. C. 
Humphreys he formed the consulting firm 
of Humphreys and Miller, Incorporated, an 
activity which he continued until 1918 when 
he became vice-president of the Bartlett 
Hayward Company. He was appointed to 
the library board by the American Society 




























of Mechanical Engineers. Professor Slich- 
. ter, already well known in the annals of the 
A.I.E.E. as manager (1918-22) vice-presi- 
. dent {1922-24) and an active worker on 
several of its committees, was born in St. 
Paul, Minn. Immediately after gradua¬ 
tion from Columbia University in 1896 he 
entered the employ of thd General Electric 
Company aft Schenectady as a student. 
Shortly thereafter he was transferred to the 
office of Dr. C. P. Steinmetz to engage in 
experimental work^ tests, and calculations 
# on a number of subjects. For several years 
he served the Society of Engmeers of Eastern 
New York as treasurer. His contributions 
to technical literature have been many. 



VANNEVAR BUSH 


Dr. Vannevar Bush (A’15, F’24) since 
1923 a member of the faculty of electrical 
engineering of Massachusetts Institute of 
Technology, Cambridge, Mass., recently 
was elevated to his new office of vice- 
president and dean of engineering, accord¬ 
ing to appointments announced ‘March 10, 
1932. He is a native of Everett r Mass., a 
graduate of Tufts College (1913), and holds 
a degree of doctor in engineering from 
Harvard University and from M. I. T., 
where his work has been noteworthy in 
research achievements and contributions to 
tech n ical education. He has been inter¬ 
ested particularly in the design of scientific 
calculating instruments, and for the develop¬ 
ment of the product integraph in 1928 was 
awarded the Levy Medal of the Fr anklin 
Institute. Not long since he won recog¬ 
nition for his design of an intricate calcu¬ 
lating machine called the differential 
anajyzer, which greatly increases the accu¬ 
racy and speed of engineering calculations. 
He is also known for his contributions to the 
development of vacuum tubes and his in¬ 
vestigations in electric power transmission. 
Under his direction at M. I. T. has been 
built another instrument known as the 
network analyzer, a device upon which a 
power network covering several states may 
be reproduced accurately and operating 
characteristics studied under most satis¬ 
factory conditions. Important branches 
of study carried on by Doctor Bush have 
been those of transients in machines, and 
dielectric phenomena. His career as a 
teacher has been no less notable than has 
his work in research; he has been professor 
of electrical transmission and for sometime 
was in charge of graduate study and re¬ 
match in the department, Early in his 
career he held a position in the test depart¬ 
ment of the General Electric Company,* 


returning to Tufts College as an instructor 
in mathematics; from this position he was 
subsequently advanced to that of assistant 
professor of electrical engineering. Follow¬ 
ing the World War during which he did 
valuable research work on the detection 
of submarines for a special board of the 
United States Navy, he was consulting 
engineer for the American Radio and 
Research Corporation. He is a director 
of the Spencer Thermostat Pompany, 
Cambridge, Mass., and of Raytheon In¬ 
corporated of Newton, Mass. He is a 
Fellow of the American Academy of Science, 
and of the American Physical Society; a 
membeu of the Society for the Promotion 
of Engineering Education, and the author 
of numerous contributions to scientific and 
engineering literature. The book "Princi¬ 
ples of Electrical Engineering” written in 
joint authorship with Professor W. H. 
Timbie is probably one of the most widely 
used books in its field. 


H. Hobart Porter (A’96, M’12) presi¬ 
dent of the American Water Works and 
Electric Company, Incorporated, New York, 
N. Y., and a Life Member of the Institute, 
was reelected chairman of the Engineering 
Foundation at its atyiual board meeting 
Feb. 18, 1932. The Foundation is the re¬ 
search organization of the national societies 



H. H. PORTER 


of civil, mechanical, mining and metallurgi¬ 
cal, and electrical engineers, with head¬ 
quarters in the Engineering Societies Build¬ 
ing, 33 West 39th Street, New York. Mr. 
Porter, who is chairman also of the board 
of the West Penn Electric Company and a 
director of numerous railroad and public 
utility enterprises, is a former trustee of 
Columbia University and a former president 
of the University Club, New York City. 
As a member of the firm of Sanderson and 
Porter, New York, he was engineer of the 
large hydroelectric development in Cali¬ 
fornia of the Stanislaus Electric Power 
Company, later known as the Sierra and 
San Francisco Power Company. Power 
was transmitted 140 miles at 110 kv. to 
serve the United Railways of San Francisco. 
This was one of the first 110-kv. trans¬ 
mission lines over so great a distance and 
involved many original problems. For 
some years Mr. Porter was one of the con¬ 
sulting engineers for the Interborough 
Metropolitan Railway Company; his work 
on many importantinvestigations and as 
an. engineer in charge of large operations 


was given high commendation, and products 
of hisprofessional ability have been demon¬ 
strated in design and construction develop¬ 
ments in many states: in the hydroelectric 
development for the Jnland Empire Railway 
System, Spokane, Washington, the Twin-, 
branch power plant and transmission sys tem 
for the Indiana and Michigan Electric 
Company, South Bend, Ind., the steam 
power plant and transmission system for 
the New Hampshire Traction Company, 
Portsmouth, N* H., two steam power plants 
for the New Orleans Railway and Light 
Company, New Orleans, La., and several 
Connecticut developments of important 
tramways. 

Gerald Deakin (A’07, M’13) who was 
first assistant chief engineer of the Inter¬ 
national Telephone and Telegjraph Com¬ 
pany, New York, N. Y., now is in London 
in the capacity of vice-president and 
European technical director of the Inter¬ 
national Standard Electric Corporation. 

Walter Steinkamp (A’26) previously 
district manager of the Picker X-Ray 
Corporation, Buffalo, N. Y., recently be¬ 
came secretary and general manager of 
James Picker, Inc., and Waite & Bartlett 
X-Ray Manufacturing Company, both of 
Cleveland, Ohio. 

H. L. Olesen (M *27) formerly sales and 
contact engineer of the Jewell Electrical 
Instrument Company, Chicago, Ill., now is 
manager of the radio sales division of the 
Weston Electrical Instrument Company, 
Newark, N. J., in charge of the combined 
radio lines of the Jewell and Weston com 
panies. 

r 

H. N. Hardsog (A'25) in the past de¬ 
signing engineer with the Narragansett 
Electric Company, Providence, R. L, on 
February 8, 1932, became power engineer 
for the Fall River Light Gompany, Fall 
River, Mass., both companies being con¬ 
trolled by the New England Power Engi¬ 
neering and Service Corporation. 

Stuart Wilder (A’02, M’13) vice- 
president of the Westchester Lighting 
Company, Mount Vernon, New York, and 
a past-president of the Empire State Gas 
and Electric Company, recently was chosen 
a vice-president of the Yonkers Electric 
Light and Power Company. Mr. Wilder’s 
record with the Westchester Lighting Com¬ 
pany dates from 1903 when he joined the 
company as assistant chief engineer of the 
electrical department, 

G. B. Kxrrwood (A’26) previously dis¬ 
trict sales manager of the New York, N. Y., 
sales office of the Pacific Electric Manu¬ 
facturing Corporation, has been trans¬ 
ferred to Los Angeles, Calif., to succeed 
L. C. Williams (A’15, M'26) district man¬ 
ager of the latter office, who has been quite 
ill of late. Mr. Kirkwood has been en¬ 
gaged in the design and sale of high tension 
switchgear and protective devices with the 
Pacific Electric Manufacturing Corporation 
since 1913, having served successively as 
shop workman, draftsman, chief draftsman, 
on costs and estimates, and since 1924 dis- 

r Electrical Engineering 




trict sales manager. He has been in the 
San Francisco, Calif., Los Angeles', Calif., 
Chicago, Ill., Gary, Ind., New York„N. Y., 
and now the Los Angeles offices of the 
company. 

* K. MacNaughton (A’21, M’26) who 
has been with the Georgia Power Comp an y, 
Atlanta, Ga., as electrical engineer, now 
has joined the Commonwealth and Southern 
Corporation, Alabama Power Building, 
Birmingham, Ala. 

«* 

J. L. Sherwin (M’30) who has been 
serving the H. K. Ferguson Company, at 
Cleveland, Ohio, as electrical engineer, 
now has gone into business for himself in 
that city, and will specialize in power plant 
and industrial engineering reports and 
design. # 

A. E. Pope (A’07) vice-president of the 
New England Power Association, Boston, 
Mass., has been elected president of the 
New England Power Company, Worcester, 
Mass.,'the association’s principal wholesale 
generating and distribution unit in central 
New England. 

U. N. Halliday (A’28) who has been 
district sales manager of the Portland terri¬ 
tory of the Pacific Electric Manufacturing 
Corporation, is being transferred to Salt 
Lake City, Utah, to open a new branch 
sales office there. His territory will con¬ 
sist of Utah, Idaho, Montana, Wyoming, 
and Colorado. 

* 

E. H. Rosenquest (A’03) president of 
both the Westchester Lighting Company, 
Mount Vernon, N. Y., and the Bronx Gas 
and Electric Company of New York City, 
and recently elected president of the 
Yonkers Electric Light and Power Com¬ 
pany, was made a director of the United 
Electric Light and Power Company at a 
recent meeting of its board. 

C. H. Cutter (A’28) formerly district 
sales manager for the Pacific Electric Manu¬ 
facturing Corporation at Seattle, Wash., has 
recently been placed in charge of the 
Portland, Ore., territory for the company. 
His headquarters will remain at Seattle. 
Mr. Cutter has been with the Pacific Elec¬ 
trical Manufacturing Corporation since 
1921, having served as assistant to the 
superintendent, purchasing agent, and ad¬ 
vertising manager previous to becoming 
district sales manager. 


• W. A. DblMar (A’06, F’20) chief 
engineer of the Habirshaw Cat>{e and Wire 
Corporation, Yonkers, N. Y., Prof. W. I. 
Slichter, of Columbia University, W B 
Jackson (A’97, F13) rate engineer, New 
York Edison Company, New York City, 

S. Barstow (A’94, F’12) president 
of W. S. Barstow and Company, .OTew York, 
N. Y., have»been elected to serve as A.I.E.e! 
representatives on the library board of the 
Engineering Societies Library for the year 
1932. * 

• 

J. J. Orr (A’30) plant engineer of A. J. 
Brandt, Incorporated, Detroit, Mich., has 
removed to New York City, where he is 
electrical engineer for the United States 
Rubber Company. Mr. Orr has specialized 
in industrial power engineering and super¬ 
vised the design and installation of the 
complete electrical system in the General 
Motors plant at Pontiac, Mich., the Ameri¬ 
can Austin Car Company at Butler, Pa., 
and the Amo” Auto Works at Moscow 
U. S. S. R. 

H. R. Woodrow (A’12, F’23) at a 
recent election of officers for the Brooklyn 
Edison Company was made vice-president 
in charge of electrical operations. He is a 
native of Rock Rapids, la., and a graduate 
of the University of Illinois (1909). Prior 
to 1917, Mr. Woodrow was assistant chief 
electrical engineer of the New York Edison 
Company with which he has been identified 
since 1911. As an assistant to Mr. Philip 
Torchio he was associated with various 
developments and investigations,, and in his 


serving also on the publication efunmittee 
Mr. Woodrow was identified in a consulting 
capacity in the design of the Trenton Falls 
and Washington Street station at IJayton, 
Ohio, the Williamsburg station of the* 
Brooklyn Rapid Transit Company, and the 
government plant at Nitro, Va. Hisjtrans- 
fer to the graces of Fellow endorsed by 
Benjamin G. Lamme included the state¬ 
ment, “I have been in direct’contact with 
Mr. Woodrow’s work for many years in 
engineering problems requiring advanced 
knowledge of electrical, theory and practise 
m the application of electrical apparatus., 
and have found him a man of very grealt 
knowledge and ability.” . 



G. L. KNIGHT 



H. R. WOODROW 


Kline Gray (A’24) who has been 
handling the sale of Ward Leonard products 
for the past seven years with the Westburg 
Engineering Co., Chicago, Ill., has been 
appointed Chicago district manager of the 
Ward Leonard Electric Company. In an 
effort to better serve this important terri¬ 
tory, F. E. Beede, sales engineer of the 
Ward Leonard company, will be transferred 
from the factory organization to the Chicago 
staff. This change has been occasioned by 

of p * A * Westburg 
(A 07, M 16) as Chicago district manager 
of the Weston Electrical Instrument Cor¬ 
poration. . 

* 

April 1932 

♦ * 


appointment as assistant chief electrical 
engineer he kept closely in touch with the 
design and operation of all generating and 
substations of the company. In 1922 he 
became assistant electrical engineer of the 
Brooklyn Edison Company, associated with 
J. C. Parker, recently elected to the presi¬ 
dency, and in this connection demonstrated 
extraordinary practical judgment, analytical 
ability and initiative in connection with 
the electrfcal design of generating stations, 
transmission systems, substations, and dis¬ 
tribution systems. He has always taken a 
very active interest in the field of protective 
devices and for five years sawed on the 
Institute’s committee on protective devices. 
He has served also on the A.I.E.E. member¬ 
ship, meetings and papers, standards, and 
power transmission and distribution com¬ 
mittees, the last of which he was chairman 
1928-30; at present he is a director and 


G. L. Knight (A’ll, FT?) mechanical 
engineer of the Brooklyn Edison Company, 
Brooklyn, N. Y., for many years, and prior 
to his appointment as such, design pn g-in^r 
for that company, was chosen by recent 
election to be its vice-president in charge 
of mechanical operations. Born at Had- 
donfield, N. J., Mr. Knight was graduated 
from Drexel Institute in both mechanic arts 
(1898) and electrical engineering (1900). In 
1902 he was manager of the Walker Electric 
Company of Philadelphia, Pa. For two 
years he was chief draftsman of the New 
York Edison Company prior to his transfer 
to the Brooklyn Edison Company in 1905 
in like capacity. In 1908 he was made de¬ 
signing engineer, the position he occupied 
until 1924 when he became mechanical 
engineer. He has done no inconsiderable 
special electrical, mechanical, and civil 
engineering work in connection with the 
construction of large central stations, from 
the laying of their heavy foundations and 
condensing tunnels straight through to-the 
completion of stations ready to operate, and 
the complete design and construction of 
substations, storage yards, and office build¬ 
ings. His committee work with the Insti¬ 
tute has been abundant; he has served on 
the following committees: standards 1914- 
25; board of examiners, 1922-4, 1928-9; 
finance, 1922-8; executive, 1923-8; head¬ 
quarters, 1923-8; coordination of Institute 
activities, 1923-6, 1927-8; Edison Medal, 

1926- 8; meetings and papers ex-officio 

1927- 8; and power generation, 1927-9. 
He was a member of the U.S. national 
committee of the International Electro¬ 
technical Committee, 1923-6; and a 
member of the board of trustees of the 
United Engineering Trustees, 1926-31. 
Besides his committee work, Mr. Knight 
has served the Institute as a manager 
1922-6, and a vice-president, 1926-8. 
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Harry'* B. Smith (A’28) who Has been 
serving the Northern Electrotype Company 

• of Detroit, Michigan, as me chan ical engi¬ 
neer, has been made a vice-president of the 

* American Electrotype Company, also in 
Detroit. 

C r 

r 

H. S. Falk (A’08) vice-president and 
general work3 manager of the Falk Corpora¬ 
tion of Milwaukee, Wis., was elected a 
director of the Heil Company of that city 
at a recent meeting pf the board. 

r 

H. M. Brotckerhoff (M’26) of the 
firm of* Parsons, Klapp, Brinckerhoff and 
Douglas, of New York, N. Y., has been 
appointed a member of the city plan com¬ 
mission of Englewood, N. J. 

• r 

R. C. Yotjng (A’29) previously district 
manager for the Kuhlman Electric Com¬ 
pany, Atlanta, Ga., has been transferred to 
the Chicago, Ill., territory of the company 
where he will continue as district manager. 

• 

F. J. Cornford (A’23) who was con¬ 
struction superintendent for the Ohio Power 
Company, Philo, Ohio, now is construction 
engineer for the Scranton Electric Company 
at Pittston, Pa. 

~ D. C. Harkfr (A’27) who was a general 
engineer for the Westinghouse Electric and 
Manufacturing Company, Detroit, Mich., 
noijr has joined the Hudson Motor Car 
Company in that city as engineer. 

G. J. Lexa (A’20) electrical engineer, 
H a m isch f eger Corporation, Milwaukee, 
Wis., recently changed his affiliations and 
became electrical engineer of the Lakeside 
Bridge and Steel Company of that city. 

A. E. Waller (A’12, F’21) priorly 
associated with the General Cable Corpora¬ 
tion, now has joined the Sundh Electric 
Company of Newark, New Jersey, as sales 
engineer. 

P. J. Ost (M’23) who served the City 
of San Francisco as its chief electrical 
engineer now has taken a similar position 
with the Public Utilities Commission of San 
Francisco, Calif. 

F. W. Willis (A’04, F’19) who served as 
local Honorary Secretary of the Institute 
fpr India from 1925 to 1930, has retired 
from active service in India and is now 
residing in Auckland, New Zealand. 


OL 
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FfcANK George Baum (A’99, F’ 14 ) 
consulting engineer, vice-president of the 
Institute 1906-8, and a pioneer in hydro- 
electric and transinission developments on 
the Pacific Coast, died at' Redding, Cali¬ 


fornia, his place of residence, March 14/ 
1932. He r was 61 years of age. Mr. 
Baum was bom at Ste. Genevieve,'Missouri; 
his batchelors degree in electrical engineering 
was conferred upon him by Stanford 
University at the time of his graduation in 
1898. In 1899 he received his E.E' degree 
at the completion of a year spent at the 
same institution as assistant in ’electrical 
engineering. To bring the consumer and 
producer together is a most interesting 
economic problem of'any age, andr this was 
the work which Mr. Baum made the keynote 
of his remarkable career. He was employed 
first by the Standard Electric Company of 
California. Blessed with high inventive 
genius, tie was enabled to solve many 
problems in the production and transmission 
of power. In the Piedmont station (Calif.) 
he was the originator of the compo unding of 
synchronous motor-generator sets, whereby 
the compounding of the exciters was tnlroti 
from the shunt on the busbar of the railway 
load, changing the power factor of the motors 
and keeping the potential of the substation 
nearly normal. This was in line with his 
much later invention, the synchronizing 
condenser and regulator, announced in 1927, 
a device which solved the problem of 
economical transmission of large amounts of 
electrical power over distances of several 
hundred miles, dividing the lines into sec¬ 
tions of from 100 to 200 miles Hnirod by 
rotary regulators or condensers, each trans¬ 
mitting the current onward with small 
losses. W. S. Rugg (A’02, M’13) vice- 
president of the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa., by which the patents were acquired is 
quoted as asserting that “by means of it the 
capacity of a given line can be increased 75 
per cent at a cost not exceeding 20 per cent of 
the original cost of the line, making possible 
the economical transmission of power from 
distant waterfalls and ultimately making 
possible for sparsely settled outlying dis¬ 
tricts and farms almost anywhere in the 
United States a supply of electric power.” 
From 1900 to 1902 he was instructor in 
electrical engineering at Stanford University 
at the same time doing special work in 
electrical transmission for the Bay Comities 
Power Company and others. He then be¬ 
came an electrical engineer of the California 
Gas and Electric Corporation, and from 1907 
on practised consulting engineering with 
special reference to hydroelectric develop¬ 
ments. The conception and much of the en¬ 
gineering outline of the Pit River power de¬ 
velopments for the Pacific Gas and Electric 
Company were attributable to Mr. Baum’s 
foresight and appreciation of possibilities. 
He designed Hat Creek Nos. 1 and 2, Pit 
River No. 1, the 220,000-volt Pit trans¬ 
mission line, and the great Vaca substation 
at the receiving end. His work during the 
years 1926-3 was developing insulators and 
regulations systems outlined in his paper 
“Voltage Regulations and Inflation of 
Large-power Long-Distance Transmission 
System”for which he received the Institute’s 
1921 yearly transmission prize. For the 
betterment of social conditions Mr. Baum 
believed firmly in the linking of business 
enterprise with scientific thinking, his 
expressed thought being that "the best 
control of a utility is that which develops an 
eagerness and ability on the part of the 
company to furnish service and an equal 


eagerness and ability on the part of the 
consumer to purchase the service. He was 
the author of the books “Alternating Cur¬ 
rent Transformer” and “Atlas of U. S. A. 
Electric Power Industry.” Several years 
were spent studying the European electrical 
ptfwer industry, and he completed a volumi¬ 
nous report on the enlargement and extension 
of one of Germany’s largest electric utilities. 
His international reputation took him into 
both France and Germany as a consultant 
for'power concerns, and upon his return to 
California he established extensive labora¬ 
tories in the mountains of the northern part 
of the state for a further study of electrical 
engineering. 


Engelhardt Wilboren Holst (A’05) 
consulting engineer with offices in Boston, 
Mass., died at his home in Concord, N. H., 
February 1, 1932. He was 61 years of 
age. A native of Christiania, Norway, Mr. 
Holst received his early technical training 
there, graduating with an M.E. degree. 
He came to the United States and engaged 
with the General Electric Company of 
Chicago in the summer of 1895, starting 
with the General Electric test course and 
subsequently being promoted to the superin¬ 
tendency of the company’s repair shop. 
Two and a half years were spent with the 
company’s Canadian office and one year in 
travel. In 1905 he took the position of 
superintendent of equipment for the B & N 
and Old Colony Street Railway Company, 
Boston, Mass., and later assumed liirp 
duties with the Bay State Railway Com¬ 
pany, also of Boston. The Boston consult¬ 
ing engineering practise in which* he was 
engaged at the time of his death was es¬ 
tablished in 1920. . 


Isabelle Conkling Conlin (nee Wil¬ 
liams) (A’21) of Hempstead, N. Y., died 
January 23, 1932; she had been ffi for 
seyeral years. Bom in Brooklyn April 6, 
1894, Mrs. Conlimreceived her early educa¬ 
tion in the New York public schools. In 
1917 she was graduated from Barnard 
College, the Columbia University School for 
women in New York City. She imme¬ 
diately became associated with the Western 
Electric Company as engineering assistant 
in the physical laboratory and in 1920 was 
made laboratory engineer supervising an 
electrical measurement group, and estab¬ 
lishing for herself a creditable record of 
achievement and capability. 


Jeremiah Joseph Kennedy (A’00, 
M’02) consulting engineer, Brooklyn, N. Y., 
died February 15, 1932. He was bora in 
Philadelphia, Pa., October 22, 1864, and 
was educated in the private schools of that 
city.. His tec hni c al education also was 
obtained undo: private tutelage and in¬ 
cluded chemistry, and civil, mechanical, 
and electrical engineering/ this last subject 
receiving the major part Of his attention. 
The first of the year 1882 he joined the 
Norfolk and Western railroad as a rodman, 
returning in the fall pf that year to study 
higher mathematics and civil engineering, 
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The following June he became principal 
assistant to General Russell Thayef, in 
civil engineering; for another year, still 
pursuing his studies, he spent considerable 
time visiting mines, various works in opera¬ 
tion, and inspecting important structures. 
July 1886, he was given charge of various ' 
fieid surveys in Pennsylvania and Virginia, 
and in August became chief engineer of the 
Lynchburg Iron Company operating iron 
mines and constructing railroads. During 
the major part of 1886 he served as principal’ 
assistant to General Russell Thayer, but 
in November 1888, he turned his attention 
to electrical engineering and six years later 
became principal assistant engineer to J. G. 
White, president of J. G. White & Com¬ 
pany of New York and Baltimore; three 
years later he was made chief engineer. 
With this company his work included cable 
and electric railway construction; the de¬ 
sign and construction of subways in Balti¬ 
more; design, construction, and operation 
of electric light and power plants; the de¬ 
sign and construction of substations for 
the Toledo and Detroit railway, and for the 
Niagara .Falls-Buffalo transmission line. 


Previous to this he was for two years chief 
engineer of Atlantic Highlands, Red Bank, 
and Long Branch Electric Railway and for 
over a year he filled the position of chief 
engineer and superintendent of the Borough 
of Manhattan Electric Company, New York 
City, for the purpose of reconstructing’and 
reorga n izi n g its plants, and subsequently 
to plan ancHnatall extensions; it was while 
filling these positions Mr. Kennedy secured 
his permanent position as chief pifrgW pr Q f 
the J. G. White and Company. Mr. Ken¬ 
nedy was one of the first engineers to appre¬ 
ciate the advisability of making parts and 
flywheels of engines used in parallel opera¬ 
tion of such weight that they would have 
no tendency to vibrate in harmony with the 
electrical oscillations. His attack of any 
engineering problem was energetic and in¬ 
telligent and he was an enthusiastic and 
indefatigable worker. Among his other 
achievements in the line of electrical design 
and construction were the Detroit and Lake 
Orion Railway, Detroit, Mich., the power 
station at Perth, West Australia, and the 
design of a proposed central station for the 
Third Avenue railway of New York City. 
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Past 

Section Meetings 


Atlanta 

Audible Light, by John B. Taylor, Genl. Elec. 
Co. Demonstrations. Feb. 15* Att.850. 

Chicago 

Electric Motor Control, by G. C. Wilms, 
Bradley Mfg. Co. Joint meeting with Western Soc. 
of Engrs. Feb. 15. Att. 178. 

Cincinnati 

Electric Shock, by Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres. A.I.E.E. Dinner. 
Feb. 25. Att. 86. 

Cleveland 

Demonstration and lecture by S. P. Grace, asst, 
vice-pres., Bell Telephone Labs., Inc. Joint meet¬ 
ing with Advertising Club, Chamber of Commerce, 
Cleveland Engg. Soc., and Elec. League. Feb. 3-4. 
Att. 6,000. 

Field Studies of Lightning Protection on 
Distribution Circuits, by K. B. McEachron, 
Genl. Elec. Co. Feb. 18. Att. 107. 

Dallas 

The Electrical Industry of Today, by Dr, 
C, E. Skinner, pres. A.J.E.E., asst, director of engg., 
Westinghouse Elec. & Mfg. Co. Feb. 20. Att. 
127. 

Construction Progress at the Hoover Dam, 
by S. O. Harper, U.S, Bureau of Reclamation. 
Demonstrations. Dinner. Feb. 10. Att. 60. 

.• •• • * r 

Detroit-Ann Arbor 

Fundamental Physical and Psychological 
Aspects of Television, by J. O. Perrine, Am. Tel. 
& Tel. Co. Demonstrations. Joint meeting with 
Detroit Engg. Soc, * Feb. 16. Att. 650. ■» 


1932 


History and Development of Motor Driven 
Electric Clocks, by Alvau Fisher, Warren Tele- 
chron Co. Feb. 10. Att. 100. 

Fort Wayne 

Radio Interference, by Arthur B. Smith, 
Assoc. Elec. Labs. Discussion. Feb. 11. Att. 9o! 

Houston 

The Electrical Industry of Today, by Dr 
C. E. Skinner, pres. A.I.E.E., asst, director of engg.,’ 
Westinghouse Elec. & Mfg. Co. Dinner. Feb. 24 
Att. 85. 

Indianapolis-Lafayette 

Electrons at Work and at Play, by Dr. Phil¬ 
lips Thomas, Westinghouse Elec. & Mfg. Co 
Demonstrations. Feb. 10. Att. 340. 

Ithaca 

Protection of Distribution Circuits and 
Apparatus, by B. B. McEachron, Genl. Elec Co 
Feb. 19. Att. 124. 

Kansas City 

Light and Architecture, by A. L. Powell, Genl 
Elec. Co. Dec. 28. Att. 110. 

Control of Smoke Nuisance in Cities, by A. S. 

Wash. Univ. Joint meeting with 
A.S.M.E.Sec. Jan. 15. Att. 85. 

Los Angeles 

Overseas Telephone Services of the Bell 
System, by W. H. Harrison, Am. Tel. & Tel. Co. 
Demonstrations. Feb. 9. Att. 106. 

Louisville * 

Lightning—Recent Investigations and Find¬ 
ings, by F. W. Peek, Jr., Genl. Elec. Co. Demon¬ 
strations. Feb. 19. Att. 169. 

Lynn 

America Steps Ahead With the Akron, by R. 
H. Smith, M.I.T, Movies. Feb. 10. Att. 1,054! 

Mercury Vapor Turbines, by L. A. Sheldom 
and B. P. Coulson. Genl. Elec. Co. Feb. 24. Att. 500. 

Memphis 

Development of Vocational Guidance, by 


f J- L. Highsaw, Memphis Tech. High Sch. *Feb. 9. 
Att. 35. 

» 

r Mexico * 

F Some Recent Developments and Trends in 
1 Electrical Machinery and Apparatus, by Dr. 

■ Si E. Skinner, pres. A.I.E.E., asst, director of engg., 
Westinghouse Elec. & Mfg. Co. Demonstrations— 
1 Feb. 17. Att. 70. ^ * 

r Banquet. Feb. 18. ^Att. 58. 

Minnesota 

| Research Work in Laboratory Dbvblob- 
ments, by H. D. Sanborn, Genl. Elec. Co.; The 
Challenge to the American Business Man, by 
J. B. Chappie, Ashland Daily Press. These talks 
were given before the convention of the Minnesota 
Federation of Architectural and Engg. Societies 
Feb. 20-7. Att. 100. 

Montana # 

U T ?BVELOPMBNtI IN THE ELECTRICAL 

» r D *. Atewart > Westinghouse Elec. & 
^iDwcussion. Feb. 18. Att. 43. 
nr2 ea ? w Car P«»ter, State Col. of Wash., vice¬ 
s'®;. Bjve a report of the winter con- 

Att^SO be d ln ^ ew York - Discussion. Feb. 25. 

New York 

Marine Engineering and the American 
Merchant Marine, by Arthur M. Tode, pres. 
Propeller duba 0 f the U.S. (Transportation 
group.) Feb. 10,. Att. 275. * « 

Characteristics and Protection Rbquirb- 
MBNTS OP THE LqW-VOLTAGE A.C. NETWORK,* by 
C. W. Pickells, N. Y., and Queens Elec. Lt. & Pwr. 
£?;• A> E, “ t0 > 0tis Elevator Co., L. A. Nettleton, 
Att 260 EdlS ° n C °' ( Power Group.) Feb. 18. 

The New Music of Electrical Oscillations 
by Benjamin Miessner, Capt. Richard Ranger, and 
Prof. Leon Theremin. Feb. 26. Att. 875. 

Recent Investigations of New York City 
Smoke, by E. E. Free, N. Y. Univ. March 8. Att 
75 ‘ (l 

Oklahoma City * 

Noise Induction Between Power Trans¬ 
mission and Telephone Circuits, by E. B Jem 
nings, Southwestern Bell Tel. Co., and C. E. Bathe 
Oklahoma Gas & Elec. Co. Demonstrations. Jan! 

26. Att. 115. 

Philadelphia 

Electron Tubbs in Industry, by E. H. Alex¬ 
ander, Genl. EJpc. Co. Demonstrations. Jsfn. 11 
Att. 150. 

Ship Stabilization by Electrically Con¬ 
trolled Mechanical Devices, by Nicholas 
Minorsky, Univ. of Pa. Feb. 8. Att. 180. 

Pittsburgh 

The Westinghouse Section Mercury Arc 
Rectifier, by A. L. Atherton, J. H. Cox, D. C. 
West, H. Speight, A. J. Maslin, R. R. Longwell, 
and J. Slepian. Joint meeting with Engrs. Soc. of 
Western Pa., Feb. 9. Att. 453. 

An Outdoor Mercury Boiler Power Station, 
by A. R. Smith, Genl. Elec. Co. Dinner. Joint 
meeting with Engrs. Soc. of Western Pa., March 
8. Att. 174. 

Pittsfield 

* • 

Men Made Island to Speed Ocean Flying, by 
E. R. Armstrong, Armstrong Seadrome Corp. Feb 
16. Att. 300. : 

Famous Women Spies and Their Methods, by 
Maj‘. Thomas Coulson. Dinner. March 1. Att 
1,460. 

Portland 

Motion pictures describing cable manufacture 
and short talks on telephone transmission. Feb 
23. Att. 75. 

St. Louis 

The World of Electrons, by Larry Hawkins 
Genl. Elec. Co. Feb. 10. Att. 1,600. ^ 

San Antonio 

The Electrical Industry of Today, by Dr. 

C. B. Skinner, pres. A.I.E.E., asst, director of engg, 
Westinghouse Elec. & Mfg. Co. Feb. 23. Att. 99 . 

San Francisco 

Overseas Radio Telephone Servce of the 
Bell System, by W. H. Harrison, Am. Tel & Tel. 

Co. Joint meeting with I.R.E. and Signal Corps 
Assn. Feb. 12. Att. 450. 

Schenectady 

Vertical Transportation in Buildings, by 




Bassett Jones, Meyer, Strong, and Jones. Joint 
meeting with A.S.M.E. Jan. 21. Att. 125. 

Air Conditioning in Buildings, by A. R. Ste¬ 
venson, Gen. Elec. Co. Joint ®e«iag with 
A.S.M.B. Sec. Feb. 4. Att. 130. 

thb Great Ice Age in North America, by 
K. F. Mather, Harvard Univ. Joint meeting with 
«,A.S.M # .B. Sec. Feb. 18. Att. 425. 

Seattle 

Segregation of Hydr&blectric Power Costs, 
by W. S. 4 McCrea, Jr.; Generator Voltage 
Regulators, by K. L. He we; Reflected Volt¬ 
age Waves in Single Phase Induction Motors, 
by D. C. Moore; Residential Underground 
Distribution System, by Wallace Quistorff. W. 
S. McCrea awarded«prize of $25 for presentation of 
best paper. Jan. 19. Att. 7,5. 

Sharon 

Mqdbrn Marvels, by C. K. Lee, Westinghouse 
Elec. & Mfg. Co. Feb.» 16. Att. 135. 

Spokane 

Institute Affairs and Report on the Winter 
Convention, by Dean H. V. Carpenter, State Col. 
of Wash., vice-pres., A.I.E.B. Feb. 26. Att. 21 

Toledo 

Executive committee meeting. Feb. 9. Att. 9. 
Protective Relays, by J. H. Hunt, Toledo 
Edison Co.; Modern Circuit Interrupters, by 
J. Slepian, Westinghouse Elec. & Mfg. Co. Demon- 
strations. Discussion. Feb. 19.. Att. 80. 

Toronto * 

Non-Resonating Transformers, by X. K. 
Palueff, Genl. Elec. Co. Demonstrations. Feb 
11. Att. 114. 

Automatic Frequency Control, by J. B. Mc¬ 
Clure, Genl. Blec. Co. Joint meeting with Niagara 
Frontier Sec. and Bngg. Inst, of Canada. Feb. 19 
Att. 151. 

Some Physical Characteristics of Speech and 
Music, by Harvey Fletcher, Bell Tel. Labs., Inc. 
Demonstration. Feb. 26. Att. 350. 

Urbana 

Modern High Pcwbr Transmission Antenna, 
by Prof. H. A. Brown, Univ. of Ill. March 2. Att. 
35. 

Utah 

What Men See With, by A. S. Bennion, Utah 
Pwr. & Lt. Co. Dinner. Feb. 8. Att. 70. 

Washington 

Some Thoughts on Waves, by 0. B. Blackwell. 
Am. Tel & Tel. Co. Dinner. Feb. 9. Att. 130. 


May House of Magic, by Oliver Ajer, 
Genl. Elec. Co. 
e 

Louisville r 

April 15 —Inspection trip to Bowman Field Air- 
P 01 ^ ^Fundamentals op Plane Construction 
and Flight, by A. W. Lee, Louisville Gas & Elec. 
Co. 

M&y 13 Dial Telephone Equipment in 
Louisville. Speaker from Southern Bell Tel. & 
Tel. Co, 

New York 

April IS'—Final meeting of power group; general 
subject: regulation of power flow between intercon¬ 
nected systems. General Problems op Inter¬ 
connection, H. L. Melvin, Electric Bond and Share 
Company; Automatic Control of Frequency 
and Load, J. B. McClure, Genl. Elec. Co. Election 
of power group officers. Meeting to be held In En¬ 
gineering Societies Building at 7:30 p.m. 

Pittsburgh 

April 12 Television. Demonstrations. Joint 
meeting with I.R.E. J 

May 10— Annual banquet and ladies’ night. 

Seattle 

April 19—Joint meeting with Student Branch at 
Univ. of Wash. 

May 17—Address by L. Sapovi, Hooker Electro¬ 
chemical Co. 

Spokane 

April 22—New Developments in Oil Circuit 
Breakers, by J. F. Spease, Genl. Elec. Co. 

May 27—Annual dinner meeting. History of 

»**■“«“»* OF THE INLAND 
Empire, by John B. Fisken. Election of officers. 

Toledo 

April 15 -Problems*in the Design of Large 
Tureo-Altbrnators, by S. H. Mortensen, Allls- 
Chalmers Co.; Application of Electricity in 
Industry, by R. E. Paxton, Toledo Edison Co. 
Vancouver 

April i—Swn-GHOKAR, by W. D. Robertson', Cana¬ 
dian Genl. Elec. Co., Ltd. 

May 2—Open. 

May 21—Annual outing to the Baker River 
Plant of the Puget Sound Pwr. & Lt. Co. 


asf 


Future 

Section Meetings! 


Akron 

_ April 12 The Electrical Industry and Some 
Problems of the Institute, by Dr. C. E. Skinner, 

hw t fi *^ aS8t \? r !f tor 6t “*• Westinghouse 
Elec. & Mfg. Co. Movies. 

_May 10—Annual banquet and ladles’ night 
Human Engineer™ 0 , by Dean Fred E. Ayer, 
Univ. of Akron. Movies. 

Baltimore 

April 15—Subject to be announced. Speakers 
from Western Electric Co. y 

May 20—Speaker: Dr. W. B. Zouwenhoven, 
Johns Hopkins Umv., vice-pres. A.I.B.E. 

Cleveland 

April 21— Electric Refrigeration and Dombs- 
«e Am Conditioning, by W. M. Timmerman, 
ucni. Elec* Go. 

May 19—Subject and speaker to be announced. 
Dallas 

_ April 11—The Coordination of Line and 
Station Design for Lightning Surge Condi- 
tions, by A. O. Austin, Ohio Brass Co. 

Detroit-Ann Arbor 

^April 19—Commercial Metering of Electric 
Energy, by A. S. Albright, Detroit Edison Co. 
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University of Akron 

Biography of Alexander Graham Bell, by 
R. I. Felver, student; Baffle Boards and Their 
Relation to Modern Loudspeakers, by Sol. 
Leibowitz, student. Demonstrations. Feb. 24. 

Alabama Polytechnic Institute 

Electrification of the Norfolk a&d Western 
Railway, by F. N. Williams, student; Telephone 
Systems, by D. P. Johnson, student. Feb. 18. 
Att. 10. 

Manufacture of Cast Iron Pipe by the 
Mono-Cast Centrifugal Process, by S D 

Ca fV r ° n Pi P e Co - meeting 

with A.S.M.E. Feb. 2. Att. 45. 

University of Arkansas 

Non Sine Waves, by H. G. Thomasson, student; 
Vectors, by E. E. Ray, student; Harmonic 
Analizbrs, by J. G. Lewis, student. Feb. 3. Att 
35 . • 

Electric Shovels, by Robert Viaing, student; 
Brushes, by E, E. Boreland, student; Automatic 

- Rb P 15 OR Att30 TORS ’ byP- L V McDonald - student. 

Armour Institute of Technology 

Building Networks, by E. E. Chilberg, Genl. 
Elec. Co. Feb. 19. Att. 80. 

University of British Columbia 

Automatic Telephony, by J. W. McRae, stu¬ 
dent. Discussion of transmission systems. Feb. 
9. Att. 14. 


. Phb ft®*. Test Course, by S. D. Scott, stu¬ 
dent ^ The Automatic Switchboard Installed 
£ HB J? OWB tL River PdLP and Paper Co., by 
H. "E. Woodland, student. Film—“The Trans¬ 
portation Problem.” Feb. 23. Att. 19. 

FiI ,?~" Electrification of the Mexicana Rail¬ 
way.” Feb. 24. Alf. 100. 

6 Brooklyn Polytechnic Institute 

The Pianoportb or ENoinbbrino Applied to 
the Art of Music, by Wm. B. White, Am. Steel & 
wire Co. Demonstrations. Refreshments. Jan 
14. Att. 200. 

,Bucknell University 

Lighting and Its Relation to Industries, bv 
George HemiSh, student. Feb. 11. Att. 12. 

University of California 

The Development and Application of Vacuum 
JH 88 ?’ b y W. Copley, Westinghouse Elec. & 

a// - .? 0 '’ vice -P res - A.I.E.E. Banquet. Feb. 19. 
Ate* 46. 

Engineering Observations on a Recent Trip 
East, by W. C. Smith, Genl. Elec. Co. Feb. 24 
Att. 36. 

Case School of Applied Science “ 

The Research Attitude, by Prof. T. D. Owens; 
Safety Devices on Street Cars, by J. C. Elder 
student; X-Ray Protective Devices, by W t’ 
Chemey, student. Feb. 17. Att. 61. 

W. J. Chemey elected chairman. March 4 
Att. 43. 

Catholic University of America r 

Elbctmcity and the Telephone, by Mr 
Gtoffre, Chesapeake & Potomac Tel. Co. Refresh¬ 
ments. Feb. 24. Att. 8. *> 

University of Cincinnati 

Elevator Motors and Control, by A. J. Lie- 
benberg, Warner Elev. Co. Feb. 17. Att. 40. 

Clemson Agricultural College 

Photoelectric Tubbs, by Prof. F. T. Tingley; 
The Present Practises in Insulated Power 
Cablm, by W. G. Wallenberg, student. March 3. 
Att, 30. 

University of Colorado 

Films—"Speeding up Our Deep Sea Cables" and 
P ‘ ctl i res b y Wire." Refreshments. Feb. 10. 

Att. 66. 

New Ideas for High Voltage Circuit Brbak- 
24 C Att 30 hUrCh and N * R ‘ Damon - Slides. 

Cooper Union 

Engineering Aspects of the Soviet Five 
Year Plan, by W. N. Polakov. Feb. 4. Att. 70. 

University of Denver 

Lamps,” '"Electric Ships,” 
Liquid Air, and "A Visit to the General Electric 
Factory With Earl„Carroll.” Feb. 18. Att. 84. 

University of Detroit 

Construction and Application of Storage 
Batteries, by W. C. Leingang, Elec. Stor. Bat. 

Co. Film—"The Electric Ship.” March 2. Att. 

46. 

Duke University 

Mercury Arc Rectifiers, by Mr. Creekmore, 
student. Discussion. Feb. 11. Att. 13. 

Illumination and Neon Tubbs, by Mr. Garrett, 
studmt; Short Wave Receiving Circuits, by 
Mr. Flack, student. Feb. 25. Att. 13. 

University of Florida 

Amateur Radio, by G. W. Haug, student; The 
Xbnnblly-Hbavisidb Layer and Methods for 
Determining Its Height, by D. G. Beck. March 
7. Att. 25. 

Georgia School of Technology 

Films—“Automatic Arc Welding” and “Busy 
Body." Feb. 16. Att. 60. • 

University of Illinois 

Discussion of plans for the elec. engg. show. Feb. 

Att. 100. 

Iowa State College 

Film—“The Life of Edison." Feb. 10. Att. 50. 
University of Iowa 

Films—“General Electrical Icing Unit." Elec- 
tion of officers as follows; H. A. Peterson, chmn. ;■ 

L. E. gravis,, vice-chmn.; J. F. Kapinos, secy - 
treas. Feb. 3. Att. 44. 

Discussion. Feb. 10. Atfc «4. 

Eubctricai, Engineering 


New Radio Air Cell a Battery, by- L. F. 
Gnzel, student; Thb Growth op the University 
Radio Station, by R. E. Griffin, student; Elec- 
tricity in thb Moppat Tunnel, by D. G. Fritz 

S J- U . d “ t: Tk-e^sxon, by E. C. Dunn, student.' 
tteb* 24. Att. 38. , 


Kansas State College 

Election of officers. Feb. 4. 

/ .T aIk by Wood, Frigidaire Co. Feb. 18. 

(Afternoon meeting.) 

iUMtin^)' by J ' C ’ Bradley Feb - ls - (Evening 

University of Kansas .* 

Cooperative Education, by Prof. D C Jack- 
son, Jr., counselor. Feb. 18. Att. 36. 

The Making op a Life, by R. A. Schwegler, 
dean, school of education. Films—“Far Speak- 
ing’ and “Voices Across the Sea.” March 3. Att 
54. 


Lafayette College 

Welding, by A. S. Cumberland, Ingersoll-Rand 
rk • Joint ““tins with A.S.M.E. and 
A.S.C.E. branches. Feb. 26. Att. 60. 


University of New Hampshire 

9 P » mething Ab ° Ut Switc t»boa?ds." Jan. 

A New Warning Beacon Which Utilizes the 
Vacuum Tube, by A. Philbrick, student; Convict 
Labor in Highway Construction, by* H. W 
Feindel, stiyient. Jan. 16. Att. 27. 

The Solution of Unbalanced FaulJs on 
Transmission Lines by the Method, op Sym¬ 
metrical Cqprdinatbs, by H. R. Stewart, West- 
inghouse Elec. &’ Mfg. Co. Jan. 20. Att. 78 
Discussion. Feb. 6. Att. 24. 

The Future Engineer, by o! K. Rfid, student; 
The Elect^jn Tube in Industry, by H. W. 
Huai, student. Feb. 13. Att. 21. 

FelfTo^Att °22 PlanS SPr ‘ ng inspection tri P- 
Discussion. Feb. 27. Att. 26. 

Predetermined Counter and Its Uses, by J. 
Prentice, student; Diesel Electric Drives Used 
on Tramp Steamers, by R. D. Ives, Student. 
March 6. Att. 21. * 


Power Lines, by O. R. Jacobs, student. *Ja». 14. 

Ohio University * 

F B° m *£ iae to Co “sumer.“ H. B. Me- 
Att. 63. Am ' BfaSS C °'’ expIained film. Feb. 17? 

Edison Three Wire’ Transmission Lines, by 
R. H.^Ioyd, student. March 9. Att. 13. * ^ 


Oregon State College * 

F.r.r k 'A^r OT ™-* ™ 


Pennsylvania State College 




Louis i ana State Univeristy 

The Wyman Dam Hydroelectric Project, by 
E. E. Frenzel, student. Feb. 18. Att. 19. 

University of Louisville 

Advantages op Governmental Control, by J. 
Groves, student; Advantages op Private Owner¬ 
ship, by J. Morris, student. Feb. 12. Att. 11 . 

University of Maine 

Planning a Power System, by H. W. Coffin 
Bangor Hydroelec. Co. Feb. 26. Att. 23. 

Marquette University 

Magnetic Testing, by Prof J. F. H. Douglas, 
assisted by Messrs. Trimborn, Dembach, Hallbac h, 
and Van Peterson, students. Feb. 4. Att. 20. 

Massachusetts Institute of Technology 

Inspection trip through the L Street generating 
station of the Edison Elec. Ill. Co. Feb. 19. Att 
15. 

TheThyratron Tube, by H. M. Wagner, stu¬ 
dent. Dinner. Feb. 26. Att. 66. 


University of New Mexico 

. discussion of plans for engineers* day. Feb. 17. 
Att 10. 

Engineering Achievements op the General 
Electric Co. During 1931, by Martin Zirhut. 
student. Feb. 26. Att. 17. 


College of the City of New York 
Discussion. Feb. 18. Att. 18. 

The Tools op Modern Warfare, by Maj. Carl 
de Zafra, U.S. Army. Feb. 25. Att. 44. 

Some Recent Developments in Electrical 
Communication, by R. D. Parker, Am. Tel. & Tel 
Co. Demonstrated. March 3. Att. 40. 


Michigan College of Mining and Technology 
Industrial Applications op Vacuum Tubes, by 
R. E. Welton, Gen. Elec. Co. Films .“Automatic 
Substation for Mining and Industrial Service” and 
"Big Deeds." Feb. 11. Att. 36. 


New York Uni verity 

Quasi Optical Waves, by E. H. Osterland, 
S | tU Labor Unions, by* W. Rubsatnen. stu- 
dent. Feb. 16. Att. 12. 

Amateur Radio Station. Equipment, by J. 
Mantone, student; Measurement op the Mois^ 
Z™? Content op Wood by Electrical Methods, 
by A. w. Lebert, student. Feb. 23, Att. .13. 

The Present Patent Situation, by L. C 
P‘ n “ a ^ student; Quartz Crystal Oscillators! 
bjr o?* C ‘ F,emin ffi student. March 1. Att. 13. 

The Development op the Use op Electricity 
at Sea, by J. P. Munroe, student; The Inductive 
Compensating Generator, by C. J. Dunn, stu- 
dent. March 8. Att. 13. 


University of Pittsburgh 
Electrification of Railroads bv C r 
man, student; Life op Faraday hi w™ 
student. Jan. 14. Att 12^ y W ‘ P,ercy * 

by°H 1 AtJTOM 4” c Traiw Signaling, 
oy H. B. KaUenburger, Union Switch and Sima 
Co. Demonstrations. Jan. 19. Att 87 

r . 

RoLLTwr <5an, studeht; Methods op 

fST W W 

by w "- «■* 

Mercury Arc Rectifiers, by Mr Atherton 
Westmghouse.Elec. & Mfg. Co. Feb^S. 1^26 
Pratt Institute 

ASr^^ ° f Electric Cables." Feb. 4. 

*3sr“s:r r t .s;* °“** bir »• 

Princeton University 


Febln. Att C 8 nC 1 Measu J? ns instruments." 


Purdue Univ. 


Einstein’s Theory, by R. T Krvter rv 
LiteStor. Bat. Co. F* .16. Att m 


Michigan State College 

The Development op the Vacuum Tube, by 
W, A. Stelzer, student. Feb. 23. Att. 11. 

Methods op FiXing Light and Power Rates, 
by Mr. Carolyn, Consumers Pwr. Co. March 8. 


North Carolina State College 

Neon Tubbs, by K. L. Ponzer, student; Late 
Electrical Developments, by C. M. Smith, 
student; Amateur Radio Transmission and 
Reception, by D. A. Worsley, student; Elbctric- 
***! Syria, by Joseph Salem, student. Jan. 26. 
Att, ol. 

Feb^”—Attlsi* 1 Electric Enameling Furnace." 


School of Engineering of Milwaukee 

Organization, Purpose. Duties, and Opera¬ 
tion of the Milwaukee Fire Department, by 
Mr. Lippold, asst, fire cf. Feb. 10. Att. 46. 

University of Minnesota 

Inspection trip through the Elec. Mchy. Mfg. Co. 
Feb. 18; Att. 65. 


North Dakota State College 

Recent Developments in Modern Illumina¬ 
tion, by O. P. Cleaver, Westinghouse Elec. & Mfg 
Co. Feb. 6. Att. 93. 

Impressions op Engineering, by Foster Buck 
Film “The Story of the Glass Bottle." Joint 
meeting with A.S.M.E. and A.S.C.E. branches. 
Feb. 18. Att. 66. 


Rhode Island State CoUege 

toTi 1 * D * lr .»”•* «»• 

Rice Institute, 

Election of Officers as follows: E. A. Turner Tr 
chmrman; O R Adams, vice-chairman™ 6 }’. J g 

AtTll 7 ’’ R ' C ’ Bearmann - treas. Feb. 17. 
Rose Polytechnic Institute 

_a S TORY AND MaNUFACTURB OP CABLES, by 
. Calvert, Gen. Elec. Co. March 3. Att. 36. 
Rotgers University 

n Function op Engineering, by J 

Rudmtsky, student. Feb. 16. Att. 17. 

°* Cathodb Ray Oscillo¬ 
scope, by B. Schmurak, student. Feb. 23. Att. 
20. ' 


University of Missouri 

Ultra High Frequency Oscillations, by C. 
Thorne and L. Smarr, students; Television, by 
H. Leibovich and L. Buell, students. Feb 17 
Att. 18. 

Adventures in Science, by L. A. Hawldns, 
Joint, meeting with Sigma Xi. 

Feb. 27. Att. 263. 


University of North Dakota 

Engineering Developments in 1981, by L A 
Myrand, Westinghouse Elec. & Mfg. Co. Film— 
* Dynamic America." Feb. 17. Att. 32. 

_ ^^r® viai0N ' by O. A. Bondeled, North Western 
Bell Tel. Co. March 2., Att. 28. 


University of South Carolina 

Television Scanning by Means op Cathode 
Ray Tubbs, by R. M. Warren, Jr., student; Un¬ 
loading op Grain Cars, by J. T. Lyman, student; 

ST* 1 br R c 


Montana State CoUege 

The Swope Plan, by A. J. Hill, student; A 
Modern Laundry, by C. G. Anderson, student; 
Electric Arc Welding in Mines, by E. Hughes, 
student; Dbvelopmbnt of Transformers, by R. 
MacDonald; The Origin of thb Electrical 
Science, by Wm. H. Scheele. Jan. 28. Att. 103. 


Northeastern University 

The Cathode Ray Oscillograph, by H. W. 
Samson, Genl. Radio Co. Demonstrations. Feb 
17. Att. 82. 


South Dakota State School of Mines 

Combustion, by Chuck Laws, Montana-Dakota 
Pwr. Co. Feb. 25. Att. 28. 


University of Nebraska 
Film—“Power Transformers.” Feb 17. Att. 

22m 

Demonstration of thyratron tubes by L. W. Cook 
and P. Ehrenhard, students. March 2. Att. 34. 

Newark CoUege of Engineering 

. Photoelectric Cblls, by J. Wier, student; 
application op Photoelectric Cells, by W. 
Amon, student; Thyratron Inverter, by W R 
McLaughlin, student. Feb. 29. Att. 22. 


University of Notre Dame 

Motor' Control, by C. J. Maloney, Cutler 
Hammer Mfgt Co. Demonstrations. Incidents 
m the Development op Electric Traction, by 
P, McCaffrey, student. John Scanlan, student, 
presented the new reviews. Feb. 15. Att. 77. 

Manufacture op A Radio Tube, by W; S. 
Brian, Grigsby-Grunow Co.; Development op 
the Incandescent Lamp, by C. Roberts, student; 
Sound on Filament, by L, Simmons, student; 
Engineering Culture, by H. E. Ball, student. 
John Scanlan, student, presented the usual cur¬ 
rent review. Feb. 29. Att. 71. 


University of South Dakota 
Film—“The Single Ridge." Feb. 16. Att. 36 


University of Southern California 
Discussion. Feb. 3. Att. 15. * 

Discussion and moving pictures. Feb. 10. Att. 
31. *. 

Southern Methodist University 

Underground Distribution Network System 
op Dallas Power & Light Co., by M. M. Lehm- 
berg, student. Feb. 16. Att. 12. 

Luncheon. Feb. 24. Att. 11. 


Ohio Northern University 

_ ■A-G. Welding, Conception of the Electron 
Theory, and Methods op Locating Grounds on 


Stanford University 

Radio Broadcasting Station at Sanford and 
Its Equipment, by P. F. Byrne, student; High 
Voltage Transmission, by Prof. J. S. Carroll 
counselor. Jan. 14. Att. 28. 
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Inspection trip through the studios of the Natl. 
Broadcasting Co., Inc. Jan. 30. Att. 40. 

Television, by A. H. Brolley, Television Labs. 
Feb. 4. Att. 68. 

g. D&sion of the Portable Motor Generator 
Set Which Was Used by the Byrd Antarctic 
iXFBDmoN, by Mr. Heintz, Heintz and Kaufman, 
loint i&eeting with A.S.M.E. Branch. Feb. 10. 
Att. 42. 

f 

Stevens Institute of Technology « 

Personnel Work in the New York Edison 
Co., by Prof. F. C. Stockwell, counselor. Feb. 6. 
Att 38. 

The Setting of Clocks by Radio, by Prof. H. 
C. Roters. Feb. 16.» Att. 26. 

r Syracuse University r 

The Piezo Electric Effect and Its Utiliza¬ 
tion, by J e L. Schmieder, Jr., student; History of 
the Telephone, by Wm. Bangs, student. Feb. 12. 
Att 21. 

Control Frequency Broadcast, by L. G. 
Curry, student; Electrolysis of Cast Iron Pipe, 
by H. Coswell, student. Feb. 19. Att. 21. 

The Earuh as a Current Conductor, by F. 
DeBoalt, student. Feb. 26. Att. 21. 

A. ft M. College of Texas 

Sous Developments by G.E. in 1931, by W. 
Clayton, Gen. Elec. Co. Illustrations. Various 
G.E. Products, by«Mr. Alen, Genl. Elec. Co, Feb. 
11. Att. 94. , 

T&b Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.B.B., asst? director of engg., 
Westinghouse Elec. & Mfg. Co. Feb. 26. Att. 
800. 

Texas Technological College 

Life of Thomas A. Edison, by W. Nott, student. 
Slides. Feb. 11. Att. 14. 

University of Texas 

• Harmonic Analysis of Distorted Wave Form, 
by Dr. S. L. Brown. Feb. 11. Att. 12. 

University of Utah A 

, The History of Amateur Radio, by L. K. 
Irvine, student. Discussion. Jan. 28. Att. 37. 

Debate: Resolved: That the Engineer 
Has Caused the Depression. Affirmative— D. 
Ashby, R. C. Hansen, students. Negative—S. 
Ramo, R. Kirkman, students. Negative side won. 
Feb. 26. Att. 36. 

University of Vermont 

The Effect of Electrode Shape on High 
Voltage Stresses in Insulators, by Mr. Whit¬ 
man. Illus. Feb: 15. Att. 19. 

Virginia Polytechnic Institute 

Light Relays and Light Source Units, by 
R. W. McCorkle, student; Power Auxiliaries, 
by H. E. Naylor, student; Active and Inactive 
Duties of the Advanced R.O.T.C. Student, by 
M. H. Mills, student; Electric Heating and 
Wood Block Floor Construction, by C. K, 
Lucie, student. Feb. 11. Att. 47. 

Method of Weighing Small Particles, by 
W- C. McCall, student; On. Filled Cables, by 
W. L.- Outten, student; The Prerequisites of an 
Electrical Engineer, by G. R. Snyder, student; 
High Speed Submarine Cables, by A. I. Osborne, 
student; New Power Transformers, by T. E. 
(gilhooley, student; Electrical; Operation of 
Dredges, by A. L. Pond, student. Feb. 18. Att. 
54,:. 

Use of Natural Has for Generating Elec¬ 
trical Energy, by J. H. Phans, student; Three 
Power Locomotives, by J, B. Hamm, student; 
Electro-Plating, by A. M. Potts, student; The 
Economic Phase of Electrified Railroads, by 
, W. C. Cottrell, student. Feb. 26. Att. 54. 

.The Oscillograph, by H. A, Frazier, student; 
The Life of Samuel Morse, by R. E. Philbeck, 
student; Load Ratio Control for Trans¬ 
formers, by C. L. Tune, student; Development 
of Transcontinental Radio Telephones, by 
D. H. Smith, student; Dial System Automatic 
Telephones, by E. L. Rowell, student. March 3. 
Att. 60. 

University of Virginia 

' The Qualifications of an Electrical Engx- 
nbbr, by R. B. Jones, student; Traffic Operated 
Traffic Signal, by B. G. Switzer, student; 
Believe It or Not—Pertaining to Electrical 
Engineering, by T, J. LoCascio, student. Feb. 

12. Att. 26. 

Washington State College 
Election of officers as follows: Philip Nalder, 


pres.; T. Torkelson, vice-pres.; Gus H. BHesner, 
secy.; H. Brittenham, treas. Jan. 2g. Att. 22. 

Power Plant Achievements for 1931, by R. 
Uhlig, student; Electrical Instruments, by 
Prof. O. JJ. Osburn, counselor. Feb. 12. Att. 26. 

University of Washington 

TbiJevox, by W. Blashfield, student. Feb. 4- 
Att. 11. • 

Electrical Reflections in Induction Motors, 
by D. J. Moore, student Feb. 11/ Att. 15. 

The Public Utilities Place in the Electrical 
Industry, By H. A. Gardner, Puget Sound Pwr. & 
Lt Co. Feb. 18. Ate. 17. r 

Film—"Conowingo.” Feb. 25. Att. 72. * 

Diablo-Sbattlb Transmission Line, by C. M. 
Lubcke, Engg. Dept, City of Seattle. March 5. 
Att. 27. 

West Virginia University 

History of Rate Making, by H. Locker; 
Diesel Engines as Peak Load Units, by L. 
Palmer; An Interview of Dr. H. C. Rbntschlbr, 
by P. B. Spangler; Engineering Features of 
Three Power Locomotives, by E. D. H a rris; 
Remote Reading of Watt Hour Meters, by 
L. P. Kirwin; Vacuum Tube History, by K. H. 
DeMoss; The Dynamic Radio Microphone, by 
P. M. Vannoy; all students. Feb. 9. Att 31. 

Power for an Arctic Elevator, by J. L. 
Simpson; Automatic Combustion Control, by 
R. H. Colborn; Measuring High Radio Fre¬ 
quencies, by N. I. Hall; Shocks Dub to Elec¬ 
tricity, by L. H. Winger; Communication in the 
Waldorf Astoria, by M. Stewart; Photoelec¬ 
tric Recorder, by W. C. McMillian; Foreign 
Jobs, by W. C. Sandy; all students. Feb. 16. 
Att. 31. 

Development of the Chinese Electrical 
Industry, by M. Sprigg; Remote Reading of 
Watt Hour Meters; by D.C. Kennedy; Electric 
Heating in Wood Block Floor Construction, 
by J. E. Wallace; XIorona Versus Conductor 
Surface, by F. O. Brown; Transoceanic Radio 
Telephone Service, by C. J. McCormick; all 
students. Feb. 23. Att. 29. *■ 

Gas Electric Railway Car, by R. H.‘ Colburn; 
All Wave Radio Receiver, by N. I. Hall; 
trical Units and Their Application, by C. J. 
DeLancy; Electricity on the Antawrp Akron! 
by L. H. Winger; Reducing Noises From Power 
Transformers, by W. C. Sandy; all students 
March I. Att. 20. 


University of tVisconsin * 

The Private Life of Michael Faraday, by 
M. L. Dack, student; Michabl Faraday’s Ex¬ 
periment, by P. E. Patterson, student; Electri¬ 
cal Researches of Faraday, by J. K. Affanasiey, 
student Dec. 10. Att. 47. 

Dancing Conductors, by W. A. Kuehlt hau, 
student Moving pictures. Jan. 19. Att . 64. 

Electrical Engineering Only? by Charles 
Moore, Bell Tel. Labs., Inc. Feb. 11. Att. 76. 

University of Wyoming 

Electron Theory, by Dr. P. F. Hammond, 
head, physios dept. Joint meeting with A.S.M.E. 
Branch. Feb. 23. Att. 17. 


AM 


res ses 


W. 


ante< 


A list of members whose mail has been returned 
the postal authorities is given below, with the 

address as it now appears on the Institute records. 

Any member knowing of corrections to these ad¬ 
dresses will kindly communicate them at once to 

the office of the secretary at 33 West 39th St., New 
N. Y t 

B J** c /° Genl. Elec. Co., Schenectady, 

738 Transportation Bldg., Washing- 
ton, D« Ci 4 s 

Combs, Clinton R., 13564 Northlawn Ave., Detroit, 
Mich. 

Fay, John L., Genl. Del., Philadelphia, Pa. 

Ktog, Milton E., 1621 Laketon Rd., Wilkinsbnrg, 

Master, J. J., 36-7 Canning St., Calcutta, India. 

M^amoto, Tatsuo C., 1330—-4th St., Sacramento, 

Ptffit, Hari-Charan, 151 Ganesh Mohal, Benares 
Uty, India. 

^Mich ^ ’ ^' onsumers Bwr - Bldg., Jackson, 

Thomas, Earl Mead, Inti. Genl. Elec. Co., Sche- 
nectady, N. Y. 

Tl Oand, Trygve T., 1019 Stanton Ave., Blfcabeth, 

Van Der Dussen, John, 114 Gotham Ave., Gerritt- 
sen Beach. B’klyn, N. Y. 
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Of tile Engineering Societies Employment Service 


Men 

Available 

Construction 

DISTRIBUTION ENGR., 29, married, tech, 
grad. 8 yr. experience in utility field as supt., 
mgr., engr. foreman, and lmeman. One year con¬ 
structing municipal power and ice plant. Eighteen 
months elec, installation in large industrial estab¬ 
lishment. Available immediately. Location, im¬ 
material. D-442. 

E.E., 25, 8 yr. practical experience in 
elec, construction work on new bldgs., power plants, 
and alterations. . Familiar with all branches of 
elec, contracting including field engg. and inspec¬ 
tions. Has had complete charged elec, design 
and t construction outside of New York City. 
Excellent references. D-502. ■ 

CONSTRUCTION ENGR., E E. Grad., 
1928, 28, marned. 3Vt yr. experience with large 
S°“ tractor estimating, design, control work 
and field supervision. Also 3 yr. experience in 
accounting, cost and stenographic work. Excellent 
references. Available immediately. D-46. 

BJJ., 33, with 10 yr. practical experience in elec, 
construction work on new bldgs. Familiar with all 
branches of elec, contracting including estimating, 
field engg. and purchasing. Have been in'complete 
charge of elec, work in various large building proj¬ 
ects In New York City. A-850. 4 


Design and Development 

B.E. GRAD., 35, single, mfg., maintenance, 
operation, designing experience. Inventions. 

languages. Desires responsible position 
with mfg. industry. (Development or production. 
Transformers; elec- locomotives; control, etc.) 
Location, immaterial; eastern preferred. D-452. 

w?2^5R CPR NELL INSTRUCTOR IN 
MACHINE DESIGN for 4 years, Allis-Chalmers 
designer and checker 5 years, M.E. and B.E. 
deg;., shop apprenticeship and miscellaneous ex- 
penence, 32, angle. Desires teaching: or engg. 

opportunity. Salary open. D-122. 

DESIGN ENGR., col. grad., 88, married, citizen; 
6 yr. elec, plant construction, wide experience all 
features design of pwr. and substations and indus¬ 
trial light and pwr., 3 yr. field experience as tester 
and , supervisor. Desires position with utility, 
sogg., or construction firm. Available immediately 
location, immaterial. D-482. 

ELEC.-MECH- ENGR. with. metallurgical 
knowledge. Col. grad, with post-graduate study, 
30, marned.^ Westinghouse design training. 6 yr. 
experience design elec, circuits and mechanical 
details of control apparatus, specialized in elevator 
equipment. Interested in alloy, welding research. 
C"8638 >n ’ immaterial. Available on short notice. 

. 1925, 30, married, 6 yr. 

utiuty designand engg. Capable complete elec, 
design steam, hydro station, high-, low-voltage 

EuecTRicAi, Engineering 


substations. Short circuit, relay,studies larce.net- 
WOTks. Knows industrial control design. S Avall- 

$£&££ FraS™ “ 0t imp ° rtant - C - 83 »«- 

DESIGN ENGINEER, E.E. GRAD . 10 vr 
r ? ctifier substations, industrial and 
experience. ExpSt draftsman, mathe- 
msMirian, knowledge of vacuum tubes, photocells 
sppbcation in industry. Contributed 
en / s - j®«n»ls.on original develop- 
B-7^2. E t pr “® rred < available immediately. 

. E.E. GRAD., 45, married, G. E. Test and desicn 
experience; over 15 years" experience 4Sh lS 
^ P _ an V e9 n and manufacture of trans- ' 

fonnersfor special requirements, as well as standard 
tow. Desires position with utiUty or mfr. whore 

S?f« C-8806. « ValUable ‘ AvailabIe 00 short 

E.E. GRAD., 1030, 23, single, cooperative ex¬ 
perience. 3 yr. with utility in central station 
design and.construction. 1 yr. designing automatic 

DU&lDilliF liistflltfltinna A j ... 9 


dec' Ha GRA ?". 2 7. married. 5 yr. experience 
h A ^ es,g “ motors, fractional hp. to 
bp - a " c : and d-c. 1 yr. experience substation 
mid transmission line design. Grad, radio school 
Thoroughly familiar with mfg. problems. Capable 
responsibilities of design. Nationally 

- 2A, single. 2 yr. additional study in 
, 6 experience elec, and mech. 
derign and development of fans and small motors 
mfr ' Deslres Position with mfg., 
utility or engg. concern or teaching elec., meek 
drawing. Location, East. D-580. 

MECH. DESIGN ENGR., 48, 
b.b. grad., LL.B. and attorney at law. Power 
houses, substations and gen. steel mill encc with 
HS 1 . training in W work connTrtedlSth & 
” > ° cerfls -, Available at once. Preferred 
location, Ohio or Pittsburgh district. D-689. 

B.E., 38, single. 13 yr. experience in design of 
mchy„ apparatus, substations, hydro and 
fj- P* a Pt s with well known concerns, 6»/i yr. in 
? es J ,res connection with concern 
mentf adaptability will lead to advance- 

Bxecutires 

CONSTRUCTION: ASSOC. E. E., 32, 16 yr. 
experience, elec, construction on new 
«f d iL. d r 5 pai J w< * fc '. familiar with all branches 
«L®^-- COntra< iJ Y ork “chwhng estimati&g, engg., 
purchasing, and inspection. 10 yr. in charge of 
dec. contract dept, for an elec, contractor. Loca- 
Uon, immaterial. Available immediately. Salary 
open. JJ-47 o. 

««5’?~ GRAI>v J2 ar, 1 ed, I 23 yr - experience in’engg. 
and exec, capacities-in industrial plants covering 
design, layout, contracting and purchasing of mfg. 

end power plants including mech., elec 
■ refrigerating, air-conditioning, and new processes 
for soap.^drug, candy food products, and textile 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th St. 
Ne^v York 


kti AINTAINED by the national societies of civil, 
mining, mechanical, and electrlcalnenglneers. 
In cooperation with the Wgstem Society of Engl- 
neers, ChiSago, and the Engineers* Club of San 
rrancisco. An Inquiry addressed to any of the 
three offices will bring hill information concerning 
the services of this bureau. 

Men Available.— Brief announcements will be 
published without charger repeated only upon 
specific request and after one month's Interval. 
Names and records remain «n Die for three months; 
renewable upon request, Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


O pp ortunltles.-A weekly bulletin of engineer- 
ing positions open Is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable In advance. 

, ^ 0 *f‘"f a , ry Contribution*.—Members benefiting 
through this service are Invited to assist In its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of < 
the first year s salary. " * ■ 

Answers to Announcements.— Address the key 
number indicated In each case and mail to the New 
york office, with an extra two-eent stamp enclosed 
For forwarding. 


plants. D-48E 

B.E., B.S. M.S. deg. 45, experienced in utility 
d^rid. dUS D- 498 aPPl,Cati ° na ' Permanent Potion 

_B'®* GRAD., 36, married. 5 yr. experience in 

system operating planning with utility, also sales, 
; “drome elec, maintenance experience. 

Past 2 yr. as design engr. with large elec. mfg. com¬ 
pany. Can become valuable in any po siti on , 
terial d R^7827 Available now * Location, imma- 

P ™ fMsio ? al cngr - Ucense N. Y. 
state, 10 yr, experience elec. pwr. plants, substa- 

oJlH ia *««^fi lbl lV 0n ’ industrial installations, 

and specifications, wishes connection with firm 
*? e man possessing chief characteristics 
as. Speed, thoroughness, willingness to work hard, 
*'"* ” ,0 “ Ume '- 

GRAD. E.E., 32, single. 9 yr. design and con- 

dfaSrihuSoi ^ tr “ sm “ sio “ substations and 
distnbution networks as engg. inspector, purchas- 

^’:« exp *1 dltor ' estimates and writing 

Excellent references. Desires con- 
TOtb holding or operating company, con- 

i^mmteriaL^'c-We^^h 6 * mmedia tely. Location, 

B-E*. GRAD., 4 yr. experience, drafting, design, 
construction, and engg. of modern hydro and steam 

?vf'vr P i 9abstatl0 . n9 and ry. electrification. 

with leading mfg. concern in engg, of auto¬ 
matic and manual switchgear equipment. Foreign 
languages. Desires position, utility, engg., mfr 
or ly. concern. Location. iminaterSl! 

26, married. 5 yr. with engg. 
® f company until merger, full ex¬ 

perience iu design, supervision and construction of 


substations and transmission lines. One year 
* Te * S - t- Licensed electrician. Knowledge of 

SateTy ^Seg 8 eqUip * Avai,able im ‘ 

E.B., 36, family. 15 yr. with engg. brganiza- 
desi ^?’_J ay ’ ou i :s ’ construction, per¬ 
formance tests, contracts and purchase, large m- 

n]*™ a L P ^&V U ^ ty pwr - pIanta - substations and 
^ j a °» n systems; executive experi- 
^ Fa Unemployed. Prefers 
consulting, maintenance, design, sales work tn 
East, but will consider any Ideation, C-2570. 

recmlrino- U 2i V U ° f X?*’ *524, single, desires place 
requiring, hard-working tech. engr. of genl ex- 

^CPL of utilities and cable mfr. 
on transmission circuits, elec, measurement and 
equip., inductive coordination, and insulation and 
rabies in particular. Will accept temporary posi¬ 
tion in U.S. to prove ability. 0-2282. P ^ P 

E.E. GRAD.,37, married. 4 yr. design on motors 
control, steam turbines and engines. 8 rr. oro- 
f‘/c«°u, development, experimental work m m- 

equip. 1 B^iS Md ^ compre8SOrs > e,ec - control 

E.E. AND ESTIMATOR, 26 yr. experience 
estimating, supervising .and engg. tor contractors' 

rantS^tor Ct % St ?'’ T 5 * 1 r Uke Po^^on with 

M.S' (Slo. 01 "f—~ =“> « 

i 4 y L, ex ?? rIence ut| hties iu valua- 
“on uwie, rate investigations, engg. pwr. plants. 

aDe^^it2fni Ta 2 8, ? iMlo,1 rJ in ^!, iududh % estimates, 
specifications, design. Experience covers short- 
^.“t studies, stabiUty analysis, investigations of • 
„ couditions. Desires position 
bolding or operating company, or' engg firm 
Available immediately. C-W0. **' 


own initiative. Good ability, integrity, and ner- 
sonality. Desires position for life work T 
preferred, Middle TjVeat or Souths C-28S6. 

ENGINEER-INSTRUCTOie; B.S., M.A.* 36 
mmried. Desires -college teaching connection! 
Teaching and lecturing experience, 10 yr. research 
and radio experience. Can teach E.E.fradio. and 
physics. Available in fall or summer. C-1087. 

PROF OF E.E., B.S., aud E.E. deg. 41, 6 yr 
successful experience teaching practically ali 

E.E. GRAD., 33, married. 3i/» yrJWvice engr 
on pwr. and indiutrial apparatus and Control. *2 
yr. instructor In E.E. at state univ. 2 yr. trans¬ 
former design and genl. engg. % yr. pwr. midsSb^ 

e engg - ° pportunityor . 
r E G E E P ^° ?!' f nar F i . ed - **/« 


y ! , - G -i?-_9?:'A? r : *Wi utihty. 4 yr. teaching, 1 yr. 

Desireschange. Location, 


as acting head of dept. __ 

South or Middle West preferred. C-7152. 


Apkii, 1933 


E.E. GRAD,, experienced iu elec. pwr. field 
desires position with pwr. company or mfg. finm. 

te?anra.“ U S!^3. draft COMtruc tion, and main- 

CHIEF E.E., 38, E.E, grad. Extensive experi- 
eara charge of f design, construction, operation, 
maintenance plant, substations, transmission, 

S 7 ’«if! e .£ , T e - ^uutiutenance elec, rolling 
stodc, steam.train fighting, elec, drive, lighting 
equip, factories, shops, offices, etc. Record of 
®i;^ V ?2S S i n ? lt, -s Goo f unranized. Successful 

E.E., experienced in load forecasting for economi- 
“f.. £i antl,ng for future growth. Established 
methods and records for systematic handling of 
estimates on property including 300 communities. 
Fanuhar with unit costs, estimates, and budgeting. 
Also experienced m elee, planning, design, and con¬ 
struction of transmission, substations and distribu- 
tton. d-2876. 

TECH. GRAD., married, 38, with 11 Vs yr 
experience as^ distribution, field and office engr.; 

4 /» Y r - trats, shop and construction work; desmes 
position in-engg. or operating dept, of utility. 
B^9248 0n ' immat * r,al - Available immediately. 

Instruction \ 

GRAD. E.E., 1929; M.S. deg. 1981, Ohio State 

- 2’B., 35, married. 6 yr. 

industrial and teaching experience in E.E, Several 
years^private research and development work on 


ASST. PROF. B.E., leading tech. col. of Bast, 
desires position, industrial concern where knowledge 
and experience gained m 14 yr. teaching fanda- 
mental courses in E.E. can be utilized in develop- 
. reaearch > construction. M.I.T. graduate, 
married, 35, perfect health. Interested especially, 
elec, measurements, measuring instruments. Ex¬ 
perienced draftsman, checker. D-681. 

, Maintenance and Operation 

? arried ’ 28; ^dc experience in 
industrial plant elec, construction and mainte¬ 
nance; ry. electrification; pwr. plant design, esti- 
mattng, and supervistory construction experience 

Is el i5£- r coatracto i;. cost analysis. Desires posi¬ 
tion with future. C-4428. 

E.E. GRAD., ( 1928, 6 yr. hydro and steam 
plant elec, operation and maintenance, 5 yr. 
“A 0081 accounting. Would desire position with 
utiUty or mfg. concern iu any part of U. S. or 
foreign. Salary secondary to opportunity. C-7796. 

Junior Engineers 

< 28, married. Experienced in capacity of 

load dispatcher of pwr. Co., having interconnections 
with.other companies. 6 yr. college work, includ¬ 
ing business training, D-468. 

grad. E.E. 1931, Rensselaer Poly. Inst., single, 
23. Desires position with any reliable engg. ten 
with opportunity for advancement. Salary im¬ 
material. Wide engg. training. Best of references. 
Location, Eastern preferred or will consider any 
location. Available immediately, D-470. 

i B :'i*u 1929, 26, single. 3 yr. experience 

oi control equip, fi/i yr. head of ejfperl- 
. mental test dept, of large mfr. of automatic heat 
““tijol equip. Location preferred, Middle West. 
Available at once. D-486. 

GRAd., 1931, single, 22. Experience in 
drafting and design of switches and pwr. distribu¬ 
tion panels. Desires position in utility service and 
tra n s m ission of pwr. Also interested in research In 
the various branches of physics. Location, im¬ 
material. Available immediately. D-471. 

E-?. GRAD:, 1929, M S. 1931, leading univ., 18 
.“® nt h® G.E. Test, 23, tingle. Desires to teach 
in tech. univ. Prefers Mid-West. C-9320. 

. .. B.B. GRAD., 22, 10 months’ experience on con¬ 
struction. Desires employment with utility, engg.. 
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or mfg. concern. References furnished. .Available 
with short notice. C-9885. 

• 

..E.E. GRAD., 24. 3 yr. experience in industrial 
installation and control. Dull experienced with 
a-c. _ or d-c. elec, automatic drives and control.. 
Desires position with utility or mfg. concern. 
r Location, immaterial. Available on month's 
notice. C-8763. 

GRAD. E.E., Univ.^cf North Carolina, 1931, 
22, singly Extra study liberal arts and commerce 
schools. Desires position any engg. field, prefer¬ 
ably telephone work. Four summers experience, 
Ill. Bell Telephone Co., installation and mainte¬ 
nance. Salary immaterial at start. Any location, 
foreign or U.S. Available immediately. D-527. 

E.E. GRAD., 1931, 25. single, cooperative col¬ 
lege. Limited experience with battery mfg. con¬ 
cern. Desires position with a future. Salary and 
location secondary. Available at once. D-534. 

JUNIOR PHYSICIST experienced in X-rays, 
spectroscopy and elec, measurements available for 
research lab. or instructorship. M.S., Purdue, 
1932. Sneaking and reading knowledge of German 

• • and Spanish.. At present asst, in physics. Avail¬ 

able July. C-7387. 

a 9 

ELECTROCHEMICAL ENGR., 26, single. 
B.S.' in E.E. and Ch.E. 3 yr. experience as field 
service engr., recording and controlling instruments. 
Also some sales. Refrigeration, time study and 
industrial engg. training. D-507. 

GRAD. E. E * 1931, 24, specialized in hydraulics; 
Has had experience in large hydro plant. Desires 
position in the elec, industry. Location, imma¬ 
terial. Available immediately'. D-543. 

E.E. GRAD., 1926; 27, 2 yr. on test floor of 
Westinghouse; also knowledge of radio and sound 
reproducing equip. Will accept small salary. 
Location, immaterial. Available now. D-542. 

JR. ENGR., 22, single* 1932 grad. Desires 
position ..in elec, industry, preferable radio or one 
of its affiliated branches. Licensed radio operator. 
Salary secondary to opportunity. Available on 
short noticed Location, U.S. or foreign. D-644- 
323-C-l-San Francisco 

GRAD. E.E., 1929, single, 23. 15 months stu¬ 

dent engr. on G.E. Test, Some test, drafting, and 

* switchboard construction experience before gradua¬ 
tion. Interested in position with concern doing 
consulting or construction work or with utility or 
.fflfr. Available at once. Location, anywhere in 
U.S. but New England preferred. C-8028. 

E.E., Cornell Univ., 1931, E.E. deg., single, 22. 
Holds, limited broadcast operator's license. De¬ 
sires position in any elec. engg. field. Available 
immediately, D-519. 

E.E. GRAD., 1931 M.I.T. (communications), 

23, single. Radio experimenter for 10 “Tears. 
Experience in radio repairing. Desires employ¬ 
ment preferably in research or design work with 
radio, elec, instrument, television, or sound concern. 
East preferred, but elsewhere considered. Salary 
secondary. Available on short notice. D-553. 

. E.E.. GRAD. 1929, 25, single, Phi Kappa Phi. 
ll months, G.E. Test followed by 2 yr. on G.E. 
switchgear engg. covering application, development, 
testing, specifications, field servicing. Good scho¬ 
lastic and efficiency record. Desires connection 
with utility or engg. corp. Willing to start at 
bottom. U.S. or foreign. D-560. 

- E E. GRAD., 1931, Univ. of Wash., 22, single. 
Will accept any position, any location. Research 
preferred. Good scholastic record. D-569. 

„ . GRAD. E.E., Stanford Univ., single, 24, desires 
connection with utility, sound picture industry, or 
radio mfg. firm. Experienced'in genl. office work. 
Good draftsman. Location, immaterial. D-571. 

E.E. GRAD., 1931, midwestern col., single, 24, 
American. Excellent scholastic record. Desires 
teaching opportunity. Will teach E.E,, mathe¬ 
matics or mechanics. Location, immaterial. 

« 1930, 23 * sin sle. 15 months on 

G. E. Test giving test experience with railway 
equipment, rectifiers, industrial apparatus, indus¬ 
trial control,' and refrigeration developmental. 
Desires position with utility or mfg. concern. 
Available at once. D-409. 

_ GRAD. E.E,,'1931, midwestern col., 4, single. 

3 yr. experience in genl. maintenance, construction 
and motor testing. Location, immaterial. Avail¬ 
able at once. D-572. 

_ E.E. GRAD., 1931, Lehigh Univ., 22, single. 1 
Summer experience with utility or industrial con- 
cern - Eastern states preferred, but other locations 1 

considered. Available at once. D-301. < 

, from Worcester Poly. Inst., I 

22 J desires connection < 

““^.^dustry, or with teaching, also 

AvSle at once^&ls. UWati ° n ‘ immat8ria! * < 


r - 

E.E. GRAD., UniVi of-Pittsburgh, ’31, coopera- 
tive cor., smgle,' 23. Westinghouse test and Bell 
Telephone experience. Desires many kind of engg. 
or engg. sales work in Eastern part of U.S. D-594. 

E.E. GRAD., 1930, E.E., 1931, from Univ. of 
South. Carolina, M, single. 6 months’experience 
with South Carolina Pwr. Rate Investigating Com- r 
mittee. Able and willing to do practically any" 
type of engg. work. Available immediately. Lo¬ 
cation, immaterial. Can give best of recom¬ 
mendations. D-595. r 

Research 

RESEARCH AND PATENT ENGR. in radio - 
and television field as well as in genl. eleo. engg. 


seeks permanent -connection with a stable organiza- 
tion. D-olo. 

E.E. GRAD.,' M.I.T., cooperative, 28, single. 
4 yr. experience m planning section of large utility 
making transmission studies, field tests, and foreign 
wire relations. Wants connection with ry., utility, 
or mfr. anywhere c in U.S. Available on short 
notice. D-536. 

Sales 

MANUFACTURERS AGT. OR SALES ENGR 
Southern Calif., 48, 10 yr, engg. work, 12 yr. sales 
including 5 yr. South Am., good ability, integrity, 
personality, and knowledge of Spanish, used to 
pioneering and hard work, salary or commission 
part or all time. B-9095. ’ 
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Recommended 
for Transfer 

Tk? board of.Examiners, at its meeting held 
March 2. 1932. rw'ftmmnnrla/1 tka 


? j fcu vus (jiauc ui mcmoersaip mol* 

catea. Any objection to these transfers should be 
filed at once with the assistant, national secretary. 

To Grade of Jilerober , 

Armstrong, Emerson A., mgr., pwr. sales, Pub. Serv. 

Co. of Northern Illinois, Chicago 
Bunch, Charles Hr, secy.-treas., Acme Elec. & Mfg. 

Co., Cleveland, O. ■ 

Chatham, Clyde L., engr., Pub. Serv. Elec. St Gas 
Co., Newark, NJ. 

Ebert Edward, Jr., asst, engr., Bklya. Edison Co., 
Brooklyn, N.Y. 

Grandy, Lewis S., assoc, prof, of elec, engg., Texas 
Tfech. Col., Lubbock, Texas 
Hauser, Oscar E., engr., meter dept., Detroit Edison 
Co;, Mich. 

Manby, AW., supt., Chatts Falls Dev., Hydro. 

Pwr. Comm, of Ontario, Fiteroy Harbour, Ont. 
Morrison, John W., ch. engr., Rochester Telephone 
L>orp,| N»Y« 

Parmenter, Robert ^..designing engr.. Pub. Serv. 

of Northern Illinois, Chicago 
Pierce, Dona.ld_A«, engr., inductive coordination 
Pub. Serv. Co. of Northern Illinois, Chicago 
bchnetder, Matthew S., operating engr., Union Gas 
& Elec. Co., Cincinnati, O. 

Tarboux, Joseph G.; prof, in charge of elec. engg. 
dept., Univ. of Tennessee, Knoxville 


Applications 
for Election 

Applications have been received by the secretary 
irom_ the _ following candidates for election to 
membership in the Institute. Unless other- 
wsC' indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after, the name. Any member objecting to the 
election of any of these candidates should so in- 
30*1932 asastant national secretary before April 

Andersen, A. W., University of Mich., Ann Arbor. 
Armstrong, R, W., Elec. Installation Co., Boston, 
Mass. 

Ballard. H. N., Puget Sound Pwr. 8s Lt. Co., 

. • Seattle, Wash. ’ 

Barrett, C.B., Western Elec. Co., Kearny, N. J. 

J' hv V 33 Angeles, Calif. 

Beall, M.F.,Umv. of Mich., Ann Arbor. 

G. M., Canadian Westinghouse Co., Hamilton, 

Olllt 

Beyer, N. S., Price Waterhouse 8c Co., San Fran¬ 
cisco, Calif. „ 

Bissell, C. H. (Member), Crouse-Hinds Co., 
Syracuse, N. Y. 

5* (Member), Westinghouse Elec. 8s 
Mfg. Co., E, Pittsburgh, Pa. 

Bugnion, F E., 14 Clinton St., Cambridge, Mass. 
Calhcott, J, B., Pub, Service. Co. of No. III., 
Northbrook. 

Caplow. o A- I., 10010 Parkgate Ave., Cleveland, 

Carison, C.N; >t 264 Glenwood Ave., E. Orange, N. J. 
Church, PjT.^Kim Bean Co., Kim, Colo. 

Clark, H. D.,Comi. Lt, & Pwr. Co., New Britain. 
S 0 ®: J* War Dept., Wright Field, Dayton, Ohio 
C * M>k p' WesUnghouse Elec. & Mfg. Co., 

^ . E. Pittsburgh, Pa. 

,Craig, R..M„ Hartford Steam. Boiler Inspec. 8c 
Ins. Co., Pittsburgh, Pa. 


Cramer, H. B., Brooklyn (N. Y.) Edison Co. 

Dame, F. E., New York (N. Y.) Edison Co. 

Dean C. F., Chevrolet Motor Ohio Co., Toledo 

w (MemberL^OS Third St., Jackson, Mich. 
De^tt, W. E Gen. Elec. Co., Schenectady, N. Y. 
DiUey, B., Union Gas.& Elec. Co., Columbia Park, 
Ohio 

Dozer,^H; E., Nat. Elec. Prod. Corp., Cleveland, 
DuBois Radio Serv., Mogadore, 

Ohio 

Eggleston, L. A., Cornell Univ., Ithaca, N. Y. 
Engster, F. W., Gen. Elec. Co., Schenectady, N. Y. 
G. A., Pub. Serv. Elec. 8c Gas Co., Newark, 

Ferrin, A. J ; , 502 North Jackson, Pratt, Kans. 

Fey, H. J., Univ. of Wash., Seattle. 

Forbes, A. G„ Fred Hall’s Ranch, Eden, Tex. 
Freeman, E. D., Okla. Gas & Elec. Co., Oklahoma 
City. 

Frederiksen, V. Nat. Armature & Elec. Wks., 
Bluefield, W. Va. 

Gaskins, D. W., Harry Alexander, Inc., Washing- 

toiij » Oi ^ ft 

G ?y, T. R., Standard Stations Inc., Pasadena, Calif. 
Giensch W. C., Houston Ltg. & Pwr. Co., Texas 
Goloff, M. J., Can. Westinghouse Co. Ltd., Hamil- 
ton, Ont. 

Gomez-y-Gomez, T., 630 Terrace Place, Schenec- 
tadr, N. Y. 

Grant, C. A., 726 Uniy. Ave., Syracuse, N. Y. 
Grooms, A. O., Circuit Breaker Co., Columbus, 
Ohio 

Haas, A. H., Brigham Sheet Gelatine Co., N. Y. 
City 

^kb-ch, C. A., Ewing Von Allmen Dairy Co., 
Cedlia, Ky. 

Harrison, W. P., Okla. Gas & Elec. Co., Oklahoma 
City 

Hartman, F. E., 2307 No. 40th St., Milwaukee, Wis. 
Hartmann, C. Si, IoWa State Col., Ames 
Helfter, F. J„ Pac. Tel. & Tel. Co., Santa Clara, 
Calif. 

Heller, W. C.. Commonwealth of Pa., Dept, of 
Labor & Industry, Harrisburg 
Helwig, W. O., Speer Carbon Co., Milwaukee, Wis. 
Henderson, J; T., Gen. Elec. Co., Schenectady, N. Y. 
Hmde, E. J., Univ. of Wash., Seattle 

H ° ef M’ o' G " Jr *> 616 Park Place Dr - Chapel Hill, 

..." 

Hoenie, N. J., Lincoln Elec. Co., Cleveland, Ohio 
Hoggj R T., Chicago Dist. Elec. Gen. Corp., 
South Chicago, III. 

Holtz, C. F., New York Central R. R„ N. Y. City 
Hosselbarth, G. J.. 1916 Himrod St., Bklyu., N. Y. 
Hughes, J. S., Southern Bell TeL & Tel. Co., 
Atlanta, Ga. 

Ibach.W. R., The Milwaukee Elec. Ry. & Lt. Co., 
Wis« 

Johnson, F. C., Stanford Univ., Stanford Univ., 
Calif. • 

S Johnson, G. C., Mich. Bell Tell. Co., Detroit 
jes, E. R., Kansas City Pwr. & Lt. Co., Mo. 
lachov.P.D., Univ. of Mich., Ann Arbor 
J&eachie, E. C., State of Calif., Los Angeles 
Kennedy, E. F„ Jr., 1624 E. 8th St., Des Moines, 
Iowa 

Kiger, T. E., Mt. Airy, No. Car. 

Knapp, D. A., Univ. of Calif., Berkeley 
Knudson, C. M., Nevada Mass. Co., Mill City, 
Nevada 

K.W., Kansas City Pwr. &Lt. Co., Mo. 
^H^bel. W. K., Eastern State, Penitentiary, Grater- 
ford, Pa. 

Kullgren, G. V., Shell Petroleum Products, Love¬ 
land, Colo. 

Lamm, R. H., E. Howard Clock Co., N. Y. City 
Larson, L. J., Hexcel Radiator Co., Milwaukee, Wis. • 
Leeming, H. H., E. J. Cheney, N. Y. City 
Leggett, F. E., 940 jfefierson Ave,, Gainesville, Fla, - 
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RSLeh R K H ‘H Al ?kw 1 «f t TeI * Oo * Cleveland. Ohio 
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sSSmI?* P‘r G aS’^« t0 cS. C ?, rp -» Detroit, Mich. 

‘SJfin rr Providence, R. I. 

Segal, B.. United Elec. Lt. & Pwr. Co. N. Y. Citv 
Shelley, I. L., Okla. Gas & Elec. Co., Enid 

SheP s2;, Cam" Sa8k * " Pwr * Comm -> Shellbrook, 
tea 1 lifflffi 81 ' XanMi*City, Mu. 

s!£ C t/t' J * Okla. Pipe Line Co,, Muskogee 

S.dil^fH K *Vw S I ate Col., Manhattan 
Smith, C. A., 7 Oak Terrace, E. Lynn, Mass. « 

Sm, FiJ?’ J " Westcr 9 Union Xel. Co., Jacksonville, 
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# If* ^6 Societies Library 

th ® books received at the 
durin^BM? Soaetles Library, New York, 
W k Febr ? ary J a r e the following which 

iJiW b w S !l ecte , d bec ause of their possible 
interest to the electrical engineer. Unless 

Spe “? e t* books bsted have been 
£“£** gratis by the'publishers. The 
m!fn+c U !^ a f su fb es J 10 reponsibility for state- 
f made in the following outlines, in- 
52!?“*** which is taken from the 
preface or text of the book in question. 

and 

7^99 v S °th’ o 19 ^’, ^00 Y "pt: 

saytsS 

devisedtin lncor P°nited improved methods 

tablesIreInciSded. 76 " 3- Necessary mathematical 

a£e desSibedbriSy! 68 ’ aircraf V“ d service 

N BU MAN ENG!NEERING. By H Myers 

fjjft ejjjrineer, discusses themanagemSt, 

and other topics pertaining to personnel probffi? ’ 

B y S. H. Moorfield and H 

mr n 2lr' ey «.^r d r^^ d Araow & co.i 

tav+hA i ' Cr* cloth, $2,25*—An dwncntarv* 

sstehsagr “• “ d “w*- 

Cutihalf H i? S v T i T r ICS , ?/§• ^airman and C. S. 
1932—lAKn Y o % f° nd v McGraw-Hill Book Co., 

University? 64 to enrineering students at PurdSe 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 

^^AINTAINED as ^ public reference library 
f ▼* of engineerlns and the allied sciences, this 
Sli 5 ? "FT" 1 " a , ctlvit y of the national 

S englnee? ' dteWcrf ‘, , HH c *l. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 

miUr i. aSS ! Stdnce 1 may be obtained upon 
wrfXen application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical boob is 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

. M , any other services are obtainable and an 
nquiry to the director of the library will bring 1 
Information concerning them. 9 
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the problems of iong < distance power transmission 

u ? der the auspices of the Electrical Engineer¬ 
ing Society of Berlin and the Berlin Enrineerirfcr 
University, by experts from the large tieeffil 

2i es: d j*S usses V* a Practical way the th«Sr 
of a-c. transmission and of long lines, generators 
transformers, compensation, 1 rSS’JKtoSmS? 

dSsSdonT 8 ’ and the economics of a-c. and 
t B > C °N'OM i £S j 0 F PUBLIC UTILITIES, By 

pjibhc utility considered as a business. Carefully 
revised and a. chapter upon holding companies 
^ ew material upon political activiti^Sfd 
agitations against public utilities, legislation on in- 
terstate transportation, natural gas movements, and 
electric power transmission, also has been added, 

COMMUNICATION ENGINEERING; By 
W- L ;^ ent *i 7 }. & Lond. McGraw-Hill BooS 
Lo., 1832. 667 g.v9x6 in., cloth, $5 .—A text-book 
covering the fundamentals of communication by 
wire and wireless networks which aims to provide a 
balanced course stressing broad principles rather 
than speafic applications. Author believes the 
work will be valuable also to the power field, as com¬ 
munication systems and power systems differ pri¬ 
marily m the complexity of their nietworks".: •• 

BEITR&GE ZUR GESCHICHTE DER 
TBCHNIK UND INDUSTRIE; V 2L Ed. S c 
Matschoss. Berlin. VDI-Verlag, 1931-2. 188 p., 
12x8 in., doth, 10.80 rm.—The 21st volume of m- 
nual of engmeenng history; contains a number of 
valuable papers, a review pf articles published else¬ 
where, reports on existing andent engineering works 
and on museums of industry, and a bibliography of 
histoncal publications of the year. Essays on the 
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~ i r, ~ J w insor ar Mew ton T>H 

at the W^ 

&?■“< standardization ol colo^, Ir^ LeL re- 
vised and supplemented by the author. 

ACTIONR ICS ^ OF homogeneous gas re- 

r”° rmation available upon the reaction HnAtia. 0 i 
fiase J- The subject is treSed theS- 
th^oLt- and “P® rime atally in separate sections of 
the book. The theoretical treatment discusses ti. 
pnncipies .governing the rates of chemkal retmtion* 
the expenmeatal part, all of the ™dbble 
Numerous references occur In footnotes. 

ussiraANnrf^n.^^ technischen 


iFSSS*™™- 7gf«* 

n Wendt, 1931. 808 p., 10x7 in., doth, 
purpose of this ’ 
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un, Hermann yveam, x»oi. p„ 10x7 in cloth 
^/mr—Tbe purpose of this handbook is to’enable 

pate /nTlf/hi >r - e ? ntati ^ e of aa exporter to aStid-- 
®. tally the information which the home office 

for be * ore R ca ? intelligently submit tenders 

are ° r elect “ cal equipment. 450 outlines 

are given covenng various machin.es. The text is in 

ineadu’ German ' French > and Spanish, fully indexed 

AND A Snw PR p 0BLEMS J ° I ! TOWN, CITY, 
Mriwrln t Papers and discussions at the 1 
23ra Natl. Conference on City Planning. Rochester 

p/.X 1 ’ ^Q 9 ? 22 ont’ Publ. by Wm. F, Fell Co.! 

l 031 - 2 28 p., 9x6 in., doth. $3.00.—Topics 

citv erodth^ : vr at ? P lannin S effective control of 
city growth? Mass transportation on dty sHeets- 

rtatio^ . P S ? S and . official ma PS,‘ zoning and 7 idmtois- 
t rati on, edges of zones; county planning: relation 

°/.?P ecia l assessments; planning programs for small 

aties; prevention of blight adjacent to expressways. 

2 3 E3 r&f handbookand SUPPLEMENTS, 

LhW 1 !,* • 1 f atl * £ le ®i Lt - Assn., N. Y. 1381 p„ 
7x8 ‘S;; ! ea * to members; $8.00 to n«m- 
This new edition consists ota reprint of 
hi® Jj a P d j 30ok with a 367-page supplement and com¬ 
bined index, obtainable as a separate volume. 

REFERENCE GUIDE. By J. Rosen- 
bkiom onginallv announced in Electrical Engi- 

Mi^Sirt , i.a5 a ' p> 78, now is available at $4 per 

Us£«^t:° f Rid“pSS,N!v. ,>reVi0USl7, pHb - 
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New Combination he Copper Field.—Ef¬ 
fective March 21, the newly formed Phelps 
Dodge Copper Products Corporation 
took over and will operate the following 
fabricating unite as divisions: the Ameri¬ 
can Copper Products Division, with mills at 
Bayway, N. J., manufacturers of copper 
rod< bus bars, trolley wire, weather proof 
wire, etc.; The British American Tube Di¬ 
vision, Bayway, N. J., condenser tubes, 
copper tubes,.and pipe, etc.; Inca Manufac¬ 
turing Division, Fort Wayne, Ind., enapieled 
copper wire, coils, and magnet wires; P-M-G 
Metal Division, Bayway, N. J., copper and 
copper alloy products. 

The Habirshaw Cable and Wire Corpora¬ 
tion will maintain its separate corporate ex¬ 
istence and will be operated as a subsidiary 
of Phelps Dodge Copper Products Corpora¬ 
tion. With mills at Yonkers, N. Y., and 
Bridgeport, Conn., it manufactures rubber 
and lead covered copper wire, paper, and 
varnished cambric insulated power cables, 
and other electrical conductors. 

The name of the present fabricating sub¬ 
sidiary, National Electric Products Corpora¬ 
tion, will hereafter be the corporate title of 
'the National Metal Molding Division of the 
company only, with headquarters at Pitts¬ 
burgh. Its plant is at Ambridge, Pa., and 
the principal products are rigid and flexible 
sted conduits, metal molding, outlet boxes, 
etc. Wylie Brown is president of both the 
Phelps Dodge Copper Products Corporation 
and the Habirshaw Cable and Wire Corpbra- 
tion. Both companies have moved their 
offices and are now located at 40 Wall Street, 
New York. Through acquisition of the 
Calumet and Arizona Mining Company, and 
prior acquisition of the Nichols Copper 
Company and the National Electric Prod¬ 
ucts Corporation, Phelps Dodge Corpora¬ 
tion is one of the three large units in the cop¬ 
per industry in the United States. 

New Disconnecting Link Boxes.—The 
.G & W Electric Specialty Company, 7780 
Dante Avenue, Chicago* has developed a 
new device for simple and economical sec- 
tionalization of high tension cables. It is an 
oil-filled, disconnecting link box, comprising 
an assembly of standardized parts, and is 
produced at low cost to meet individual re¬ 
quirements. 

N^,w Electrode for Welding Ainrnfannv — 
The Lincoln Electric Company, Cleveland, 
Ohio, announces a new electrode for Welding 
aluminum which will be known as "Alumin- 
wdd.” The new electrode is a 6 pet cent sili¬ 
con aluminum alloy ; can be used for weld¬ 
ing sheet or cast aluminum, and is designed 
for either metallic or carbon arc welding. 

A New Vacuum Contact Relay.—The 
Ward Leonard Electric Company, Mount 
yetedn* New York, has added a vacuum 



contact relay to - its line of midget relays. 
The vacuum contact element, which is actu¬ 
ated bycthe relay armature, is rated at 8 
amperes intermittently and 6 amperes con¬ 
tinuously at 220 volts. Relays equipped 
with this type of contact are especially ap¬ 
plicable to operation in hazardous places and 
have a high rating, making them a heavy 
duty midget relay. These relays may be ob¬ 
tained for normally open or normally closed 
operation. Coils may be wound for 6 to 110 
volts alternating or direct current. 

A New Mercury Switch.—The CeCo 
Manufacturing Company, Inc., Providence, 
R. I., has formed an industrial division to 
develop electrical and electronic devices for 
industrial purposes. One of the products of 
this division is the "Mertact,” a mercury 
electric switch. Mertacts are made in sizes 
from 1 to 100 ampere capacities. Sizable cur¬ 
rents can be broken by a vely small mechan¬ 
ical force, often eliminating the necessity of 
using intermediate relays. The new switch 
has a wide field*' of application in electric 
appliances, heating devices, automatic tem¬ 
perature control, and in equipment that 
requires frequent make and break of current. 
C. O. Cressy will be the engineer in the in¬ 
dustrial division assigned to the application 
of this division’s products. 

Outdoor Switch Houses.—The Delta-Star 
Electric Company, Chicago, has developed 
a line of metal dad,, outdoor switch houses 
for medium capacity distribution circuits. 
They are equipped with TJP.S.T. solenoid 
operated, trip-free oil breakers, rated 
7.5 kv., 400 ampere interrupting capac¬ 
ity 30,000 kva. The circuit breakers are 
controlled from the switchboard substations. 
Space above the operating mechanism pro¬ 
vides for instruments, relays, redosing 
timer, control switch, etc., converting the 
units to full-automatic and self-contained if 
required. Front and rear doors give ready 
access to all parts for inspection. Manual, 
d-c. solenoid, a-c. and d-c. trip-free motor 
mechanisms are available. The houses are 
compact, well constructed, low in first cost 
and maintenance. 

W. M. Bailey Now Chief Engineer of 
Dubilier Condenser Corp.—William Mason 
Bailey, formerly with the Wirdess Specialty 
Apparatus Company, of Boston, has been 
appointed chief engineer of the Dubilier 
Condenser Corporation in New York City. 
In collaboration with William Dubilier and 
the engineering staff of the organization, 
Mr, Bailey has in large measure been re¬ 
sponsible for recent Dubilier devdopments 
such as the standard unit oil condenser, 
the moulded micadan, the ultra high fre- 
quency Capadtors and the improved electro¬ 
lytic condensers. 
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Illumination.—Bulletin 31F16, 8 pp., En¬ 
titled, "Most Effident Lighting for Schools 
and College.” Holophane Company, Inc.. 
.342 Madison Avenue", New York. 

Electrical Sheets.—Bulletin, 12 pp. De¬ 
scribes "Armco” electrical sheet sted grades 
for motors, generators, and transformers. 
The American Rolling Mill Company, 
Middletown, Ohio. 

Lead Tantalum Rectifiers.—Catalog TC- 
37, 16 pp. Describes Fansted lead tanta¬ 
lum rectifiers for battery charg ing and direct- 
current power. Fansted Products Com¬ 
pany, Inc., North Chicago, Ill. 

Belt Conveyors.—Booklet, 24 pp. An in¬ 
teresting, largdy pictorial presentation of 
the use of bdt conveyors for cOal handling 
and transportation of raw materials in many 
fidds. The Diamond Rubber Company, 
Inc., Akron, Ohio. 

Motors.—Bulletin 174, 22 pp. Describes 
seven types of squirrd cage motors, inelud- 
ing application tables, speed torque curves, 
and complete construction details. Wagner 
Electric Corporation, 6400 Plymouth Ave¬ 
nue, St: Louis, Mo. 

Aluminum Alloys.—Booklet, 64 pp.. 
"Alcoa Aluminum apd Its Alloys.” The 
book gives in concise form the physical and 
mechanical properties of the alloys produced 
by the Aluminum Company of America, 
Pittsburgh, Penna. Included are tables 
showing sizes of the basic commodities the 

company manufactures from these alloys. 

»*• 

Ventilating Propeller Fans.—Catalog, 48 
PP* Describes Hg self-cooled motor propeller 
fans. Contains numerous illustrations de¬ 
picting applications in homes, garages, fac- 
•tories, etc. Hg Electric Ven tilating Com¬ 
pany, 2850 No. Crawford Avenue, Chicago. 

Monel Metal Bolts.-—Bulletin T-l, 8 pp. 
A tech ni c a l exposition of the properties of 
Mond Metal bolts whidi, among other appli¬ 
cations, are extensivdy used in outdoor dec- 
trical installations because of their strength, 
ductility, and resistance to corrosion. In¬ 
ternational Nickd Company,' Inc., 67 Wall 
Street, New York. 

Self-Tapping and Drive Serews.-rCata- 
log, 30 pp. Describes sdf-tapping screws, 
drive screws, and screw nails for joining and 
making fastenings to sheet metal, bakdite, 
slate, etc. Such screws are widdy used in 
the assembly of radio reedyers and by dec- 
trical manufacturers for fastening cleats and 
other wire devices, instruments, number 
plates, etc. to slate, ebony, asbestos, and 
other type switchboard pands. Parker- 
Kalon Corporation, 200 Varick Street, New 
York. * : 
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Iff River at dusk, a less familiar portion of New York 
City s widely publicized skyline, showing the Waters^ 
steam-electric generating stations of the t5ew York Edison 
Company <6 stacks), one of the plants of the New y 0 °k 
Steam Corporation (tallest stack), and a glimpse of thre«Pof 
the fmancal district monuments in the backg^und 
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Development of a high degree of re¬ 
liability in the low-voltage a-c. network re¬ 
quired the development of a network pro¬ 
tector having special characteristics. Vari¬ 
ous methods of obtaining these characteris¬ 
tics are used by the different manufacturers 
p. 307-312 


h^ORE ACCURATE calculation of con¬ 
ditions on power systems after the occur¬ 
rence of a fault how can be made by the use 

of revised standard decrement curves de¬ 
veloped jointly by General Electric and 
westmghouse engineers, p. 324-329 


Elimination of a series of severe arc- 

b l HghtniD * '*** Bering a 
distribution substation has been secured 

by shunting low voltage lightning arresters 
across toe regulator series winding and by 
connecting lightning arresters at the sub- 
e°d °f the entrance cable, p.364- 




Cleveland, Ohio, "the forest city" 

situated on the south shore of Lake Erie, 
will be host to the summer convention of the 
Institute June 20-24, 1932. In addition a 
most. complete technical program, many 
vacation features and novel entertainments 
are being arranged. There will be no regis¬ 
tration fee. p. 346-348 


Many interesting discussions took place 

of *** Institute’s 
Great Lakes District in Milwaukee, Wis., 

arch 14-16,1932. The principal of these 
are summarized in this issue, p. 348-350. 
The concluding section of summaries, of 

P. ^r nt ‘ 0n discussi . <ms Siveh. 


Interest m the "Letters to the Editor" 

seetio^is constantly growiaj, and members 

“'T***' of “PPortmity to 
^press themselves briefly and informally 
on a variety of topics, p. 354-355 


I I C - f 

I* CXnE ASPECT of the banking and 
I investment situation is stated clearly 
I in an editorial recently printed in En- 
I gineering rfews-Record. Bankers, it is 
I claimed, are responsible for the failure 
I of many investments abroad, due to 
I their unwillingness to take advantage of 
I expert engineering advice, p.353-354 

I Gas FILLED tubes have character¬ 

istics which make them adaptable to 
[ many rectifier, inverter, and control 
applications. Also, the capacity of the 
electron tube has been increased many- 
fold by filling with gas or vapor, and 
the sensitivity by which these tubes 
may be controlled is being developed 
constantly, p. 312-318 

I The PART that engineering and en- 
I gineers may play in the stabilization of 
I industry is discussed in the tenth ar- 
I tide in the Engineering Foundation’s 
I symposium "Has Man Benefited by 
I Engineering Progress?" contributed by 
I William Green, president of the Ameri- 
I can Federation of Labor, p. 318-319 

I ^^N INNOVATION has been in¬ 
troduced by the use of alternating 
current for the operation of super¬ 
visory control systems. Furthermore, 
these systems may possess great re¬ 
liability, and arrangements may be 
made for the operator to visualize 
switching conditions at a glance, p 
329-331 

ElECTJHGAL and magnetic units 
are being subjected to careful scrutiny 
at all times; they are discussed in four 
artides presented in this issue, p. 
335-345 

PaRAGUTTA, an improved insulat¬ 
ing material for submarine communica¬ 
tion cables, has made it possible to ob¬ 
tain three tdephone channels in a cable 
but little larger than the older single- 
charind gutta-percha cables, p. 332- 
335 

CXpEN-CIRCUIT remanence of a 
permanent magnet and the manner in 
which it is affected by various factors 
is a study of prime importance to mag¬ 
net manufacturers and users. These 
factors indude the magnetic properties 
of the steel itself and the shape and 
size of the magnet, all of which can be ‘ 
controlled in the design and manufac- 
tyre, p. 320-323 * 
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Covering for Line Wires 


«» 

Previous to the last two years, development 
of weather resistant covering for line wires 
ley in the hands of the manufacturer and 
was centered upon meeting the demand for 
a cheaper product. This resulted in a de¬ 
creasing life of the covering. Research 
described in this article points the way to a 
greatly improved covering which, although 
slightly more expensive to produce, can 
be justified economically by its longer life 
and higher insulating quality. Specifica¬ 
tions for the saturant of such a covering are 
presented herewith. 


By 

C. F. HARDING 

FELLOW A.I.E.E. 

L. L. CARTER 

ASSOCIATE A.I.E.E. 


J. W. OLSON 

NON-MEMBER 


All of 

Purdue University, 
Lafayette, Ind; 
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i non ■ G the years following 1918 or 

ly^U effort was concentrated upon the reduction of 
cost of weather resistant covering for line wires. 
1 his resulted in the early loss of saturating com¬ 
pound and the shedding of braids, in many cases 
within a period of two or three years after the erec¬ 
tion of the hues. Sentiments of many operating 
engineers therefore swung toward discontinuing a 
weather resistant covering on overhead lines and 
adopting bare conductors for all service except 
where tree wire was necessary or where highly 
insulated conductors were required at points of 
inadequate spacing or clearance. 

. C ^f tain engineers opposed the policy of abandon¬ 
ing the use of weather resistant coverings on over¬ 
headlines having a line-to-line voltage of 4,000 or 
less, for me reason that such a covering might reduce 
the number of service interruptions by preventing 
grounds and short circuits. This group believed 
that an attempt should be made to improve weather 
resistant coverings before making a decision to dis- 

Written especially for Electrical Engineering, based upon "Weather R. 
astanteovering for Line Wires" (No. 32-56) presented at the A I E E 

^? il ? raufcee ' Wis " March 14-16,1932,andsubUquently 
brought np to date to the inclusion of later test results and definite specifica- 
tions. Not fiublishedtn pamphlet form, ?* “ “ apeonca. 
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continue their use. At the suggestion of engineers 

rr+-rf* e ff 011p of companies represented on the 
Utilities Research Commission, the latter initiated a 
study at Purdue University to develop weathef re¬ 
sistant wire covering providing longer life and higher 

X alU fU 7^ S - study was started October 
h under the direction of the electrical division 
of the engineering experiment station with the 
chemical division cooperating. Work already com¬ 
pleted enables the following definite conclusions to 
be drawn: 

a^^-sa^iSfgg sLt ~ 

cost. TheSe improveraents can be secured at only a slightly increased 

Th x higher , saturating temperatures required to anolv such 
saturants may be used without damage to the cotton vams and 
without excessive annealing of the copper conductors. 

r*mt^f a Z OTk ’ ? prel . iminar y specification for the satu- ' 

gSJi ^ Covenngs » presented in this article, and 

includes terms which guarantee weatherproof wir& of long life. 

!•' F h^ 6 f W ^\ WiU pro yid.e a covering of lighter weight and smaller 
higher .nauhting value and longer life than present 

Economic studies have proved that these results 
justify an increased cost of- weather resistant Wire • 
covering, provided the improvements of higher in¬ 
sulating value and lbnger life now available are in¬ 
corporated during manufacture. 


Preliminary Specification lor 
Weatherproof Wire Saturant 

The saturating compound shall consist of a pure blown 
petroleum asphalt and shall not be mixed with any material 
such, as paraffin, wax tailings or fluxes. It shall have the 
following physical properties: 

Ball and Ring Fusing Point: 180-200 deg. fahr. 
Penetration: 77 deg. fahr., 100 g., 5 sec., 35 or harder, 
tenths of nun. . 

Pliability: A mold of the asphalt l / t x 1 x 4 in. shall not 
break when subjected to an angle of bending of 15 deg. 
around a mandrel of */u in. radius at a temperature of 
® deg. fahr. This test shall be made in the Reeve and 
and Yeager pliability testing equipment, at a rate of 
bending of 10 deg. per min. 

Loss by Evaporation: A 100 g. sample of the compound 
heated for 100 hrs. at a temperature of 325 deg. fahr. sSall 
not lose more than 1.0 g. in weight. 

Rise in Fusing Point: The difference in the ball and ring 
fusing point determined before and after the above heating 
test shall not be greater than 40 deg. fahr. 

Change in Penetration After Heating: The penetration of 
the sample subjected to the above heating test shall not 
become harder by more than 10 points. The crust formed 
on the sample during the heating test may be removed 
before determination of the penetration after heating 



Laboratory Equipment 


w » 

Complete testing equipment was purchased or 
constructed for the laboratory at the university, as it 
jvas found that no adequate equipment was avail¬ 
able m the plants manufacturing weather resistant 
wire m the Unitdd States. Accelerated weathering 
equipment therefore was installed for testing the 
comparative length of life of completed wires, 
asphalts, and other saturants, yams, etc.; this ex¬ 
poses the sanfples to light from a carbon arc and to a 
water spray at a constant wire temperature of 175 
deg. fain, during one part of the daily weathering 
cycle. The Samples are subjected to freezing by 
moving the wire holding drum to a large refrigerator 
and to thawing and diying by moving back to the 
kght exposure chamber. Distilled water is circu¬ 
lated to the sprays from a storage tank and pressure 
provided by an auxiliary pump. 

A natural weathering rack for completed wires 
provides continuous current loading and application 
of. line voltage to the wire samples. Service testing 
equipment for duplicating installation and service 
conditions includes apparatus for subjecting the wire 


force the various'sized plungers atra constant rate into the mat 
under test. Hardness is also measurecfby the needle penetron 
commonly used by the asphalt industry. By this method the b 
n f ss js the depth of penetration into the asphalt, expressed in te 
of millimeters, of a standard needle with a weight of 100 g. am 
for 5 sec. The lower the penetration number the harder is the 
tenal. In Table I, hardness is expressed "in terms of penetratio 


4. Pliability at low temperatures is determined by bending a m 
of dimensions 1/4 X I X 4 in., broadside about a round man 
/ 8 in. m diameter while the «mni» and onnntfl 1_1 j _ j 


./ . , ~ 7 uiuausiuc auout a round man 

/8 in. m diameter while the sample and apparatus are held at 
^ e “P erature . °f test. The angle of bend is increased at the 
of 10 deg. per mm. and the angle of bending required to break 
mold is*taken as a measure of the pliability. 
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The designs for an improved Abraham consistor 
ter to measure hardness, and for Reeve & Yea 
pliability test equipment especially adapted to t 
work, have been completed. The rate of penet 
tion in the consistometer and the rate of bending 
the pliability tester will be quite constant, as be 
are to be electrically driven and the degree of bendi 
in the pliability test will be determined by automa 
electric timing of the start and finish of the bendi 
period. The consistometer hardness will be re 
from a pressure gage which indicates the presst 
on the table of the consistometer supporting t 
asphalt sample under test. 

In the testing of finished wire a small eleotricai 
heated braid press and a pliability tester in whi 
very small samples of asphalt may be tested ha 
both been completed. The braid press is used 
extract the saturant from the two inner braids of 
finished wire. Sufficient asphalt is obtained from 
2-ft. length of No. 6 wire for the standard ball ai 
rmg melt point test and the penetration determin 
tion. With this new equipment the pliability te 
can be made upon the small sample extracted fro 
the braids. 

The commonly used drip and stain tests cann< 
be regarded as tests of the physical properties of tl 
saturants. The high melting wax used as an out 
coating prevents staining, and the yams hold tl 
asphalt, preventing '’dripping even though tl 
saturant may be quite soft. The drip test ma 
favor also an unsaturated wire. 


Fig. 1. Condition after accelerated weathering test 
* '°f wires saturated with commercial solvents 


Previous Production Methods 


to abrasion such as occurs when drawn over a cross- 
arm or caused by rubbing on insulators, wrapping 
and bending at freezing temperatures, and for produc- 
mg decentralization of the conductor in the covering 
as occurs in service. ■ 

Standard physical tests are applied to the saturant 
as follows: 


det fmmed by the standard ball and ring 
method used by the asphalt industry, the fusing point being the 

ST?? fjf at 7^ C t l a S i ed baU of specified weight drops through a 
°1 ** “fteml nncfer test, the material, being supported on a 
“ water, the temperature of which is 

raised at a slow and definite rate. s 

? • .ykcosity bf the asphalt at saturating temperatures is determined 
by the Stormer method, by which it is exoreSed as tile 

required for 1* revolution ofT^Sd a 

100 'g. weight and immersed m the material to be tested. 


• t :-:-- W wv wamu, 

3. Consistency or hardness is determined bv use of the 

this equipment measles the: pr^sure required to 


Before the start of the last decade, weathei 
proof wire coverings usually were built up of braid 
made ^from high-strength long-fiber cotton yart 
often saturated after each braid was applied an 
usually saturated with natural asphalts rather tha 
petroleum base asphalts. Production methods wer 
slow and the materials used more expensive than j 
is now possible to use. With the start of the las 
decade the producers of weatherproof wire began t< 
use cheaper grades of cotton yam and looser braids 
an d for saturants they turned to petrole um by 
product asphalts. They further changed from th< 
saturation of each braid after its application to th< 
application of all three braids in one step and thi 
saturation of these braids as a second step To ob 
tarn the production speeds required and to saturate 
mree braids m one ..step at the temperature (that o: 
low pressure steam) available in the wire p lant s] 
the use of low melting point petroleum asphalts of lov< 
viscosity at saturating temperatures became general. 


Electrical Engineering 
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from the braids, have been caused by the addition 
of excessive amounts of waxes, wax tailings, or low 
melting fluxes to obtain fluidity and ease of satura¬ 
tion. Usually tins addition was made by the work-, 
man operating the saturating tank and resulted in*a 
saturant ot variable properties, these low boiling 
materials^soon leave the saturant, causing the body 
of tiie asphalt to disintegrate. The saturants vary 
in their resistance to the weathering effects of light 
“d the worst are subject’to excessive 
surface deterioration and erosion. The result of 
all these factors is the loss of compound, particularly 
from the upper side of the braids, with the resultant 
breaking of the braids on the upper side and the 
familiar festooning. 

Finishing waxes cannot be regarded as «f great 
protection to the covering because they evaporate or 
crack and flake off within a short time, or are dam¬ 
aged in installation. On the various samples in the 
natural exposure rack, the wax has cracked, chipped 
off, or simply disappeared from the surface of the 
wire in from 3 to 8 months. 

Cotton Yarns 

It has been found that the cotton yams are not 
so (important in producing a long-lived covering as 
ar *L / e saturants. It is important, however, that 
sufficient cotton to absorb and hold th$ saturant be 
present in the two inner braids, and that the outer- 
braid be closely woven to resist abrasion and erosion. 
The one fault of the braided construction is that 
because of the interstices always present it does not 
consistently afford insulation beyond that of the air 
spacing provided. It is desfrable to have a more 
solid and homogeneous material next to the conductor. 
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Fig. 2. Condition after accelerated weathering test 

of wires meeting various parts of preliminary sped- * 
fications. Wires 815 - 8 , 820 - 6 ; and 830 meet 
these specifications in every detail 

• m 

Saturants Cause or Major Faults 

The-test results indicate positively that the poor 
physical properties of the saturants used in weather 
resistant wire coverings in the past have been the 
cause of the extremely e^rly failure of weather 
resistant wire. The coverings of wires which last 
well are eventually caused to fail by a combination 
of physical changes such as the shifting of saturants 
in the Coverings, etc., and chemical changes in the 
saturant caused by exposure to light, oxygen of the 
air, etc. In vary early failures the effects of light 
and oxygen are of less importance than the effects of 

P°°L£ h - ysi i al P ro P erties which cause the saturant 
to shift m the braid when hot, and to crack and split 
when cold. ^ 

These poor physical properties of the saturants 
are. too low fusing points, extreme softness when 
warm, great changes in hardness with changes in 
temperature, extreme brittleness at even moderately 
low temperatures, and a marked tendency to evapo¬ 
rate. The majority of saturants used have had 
softening points (as determined by the ball and ring 
method) ranging from 130 to 150 deg. fahr., which 
are lower than maximum wire operating tempera- 
ures. These materials shift in the braids leaving 
the upper braids unprotected at ordinary sunimer 
temperatures, which are well below the fusing point. 
The extreme brittleness of these saturants, resulting 
m cracking and breaking of the braids in cold 
weather, may be illustrated by the fact that in the 
pliability test at 0 deg. fahr., less than 2 deg. bend¬ 
ing is required to break the molds of the majority of 
these saturants. 

Many of the-poor physical properties, particularly 
May 1932 , 
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Fig. 3. Wires illustrating the improved weather re¬ 
sistance of air blown asphalts to which the proper 
inert mineral fillers have been added 
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Tabic I—Comparison of Physical Properties of Commercial 
Saturants and Asphalts Proposed as Saturants 


Range of 

Physical Properties 

Commercial Proposed 
r Saturants Saturants 


•Average of 
Physical Properties 


g^a^ ^^j -RANGE OF COMMERCIAL SATURants 


Cofitmercial 

Saturapts 


Proposed 

Saturants 




r 

B. & R. fusing point 

Before heating.119-158°F.... 186-208°F.143.2°^.... 196.1°F. 

After heating.176-245.209-232.198.4.220*7 

Penetration: 77°F., 100 g., 5 sec. 

Before heating, f . 3-66 . 21-33 25.5 27.5 

t After heating r 

' with crust. 0-23 . 0-4 . 8.7 . 1.0 

crust removed. 0-26 17-29 11.8 22.3 

LosS in weight during 0.12% gain, 0.03- 

heating.7.17% loss.... 0.97% loss... A.63%_ 0.36% 

Pliability.0.41°-13.3 o . 16.2°-48°. 3.21°. 26.5° 

Specific gravity 

Before heating.1.001-1.200. .0.987-1.044 1.071. 1.011 

After heating.1.021-1.208. .0.988-1.042 1.080. 1.018 

-,----- 

♦ 

Improved Saturants 

The*use, r as weatherproof wire saturants, of the air 
blown asphalts meeting the preliminary specifica¬ 
tion which has been developed, has been proved in 
the laboratory to yield a greatly increased length of 
life of the covering on any size of wire over that 
provided by the usual commercial saturants, and \o 
provide a great increase of flexibility in the finished 
r wire. The physical properties of these asphalts and 
the pres&t commercial saturants are given in Table 1 . 
The preliminary specification also is given on p. 299. 

* Such an asphalt, of greater stability at higher wire 
temperatures, will reduce materially the-shift of the 
saturant in the braids and will be less subject to 
evaporation and erosion. In addition, these as¬ 
phalts are less susceptible to temperature changes 
and are much less brittle at low temperatures. 
Such pphalts may be bent many degrees in the 
pliability test, while most commercial saturants 
cannot be bent more than 2 deg. 

These “air blown asphalts” are produced by blow¬ 
ing air through the heated petroleum residue, as com¬ 
pared to the production of the usual commercial 
satmrant by blowing steam through the petroleum 
residue. Certain changes in the structure of the 
asphalt are produced by the air blowing which re¬ 
sults m a much more stable asphalt of lower tempera- 
tore susceptibility. The asphalts illustrated in 
Fig 2 are stock products; they are not special 
matenalsin any sense. There is no reason to toinir 
that the increased use of air blown asphalts meeting 
these specifications will result in a marked increase 
in cost of the materials (which now cost very little 
more than the steam reduced asphalts) because the 

K eM? fi r ti dlle is just 35 readil y blown to meet 
this specification as one of a lower melting point 

Adequate proof of the betterment obtained bv the 

use of these materials is given by comparing the - 

w^es m Fig. 1 with those in Fig. 2 , all havinf had ! 

test S£ f£ ^ .acceierated weathering ] 

rS + 1 f lg - 1 s bows the condition of wires saturated 
with the present commercial saturants after having i 
been exposed in the accelerated weathering test at 

w’wdl on 1 tW s f Tt Wire coverin S s that hive held £ 
up^wefi on this test are saturated with vm-v * 

and very brittle materials. The asphalte witifwhfch l 
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Fig. 4 . Comparison of initial hardness 
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Fig. 5 . Comparison of hardness of saturants after 
heating for 100 hr. at 325 deg. fahr. 

•» 

these four wires are saturated bend less than 2 deg. 
m the pliability test. This emphasizes the impor- 
tanceof applying both the laboratory pliability test 
and toe accelerated weathering test in choosing the 
most satisfactory weather resistant coverings. The 
wires in Fig. 2 have coverings saturated with air 
blown asphalts meeting the specification for melting 

8 ??«??_Q pen ^ t oo t 1 i0n> but in the case of samples 
819, 826-9, and 831 not meeting other parts of the 

th ? s , e for pbability or changes in 

fc?V Pr ° PertleS ^ ltb long continued heating. 
It may be seen readily that the wires meeting the 
preliminary specification in every detail provide a 
vast improvement in weather resistance over the 
commeroal saturants; these wires are numbers 

?W ’ 82 2"u f 0 - In the Pliability test all of 

these asphalts bend more than 15 deg. and wires 

tW^ ed ^ eSe materia ? s toay be bent about 
<bat ? ete, i at freezing, or lower in some 
cases, without breaking any of the braids. 

to™? Ple 81 t ? 18 satiated with a material that has 
breakdown when exposed to light 
^• that has been used ^ tbc lower melting 

of weatherproof 

sJ3wL° f tte . as P Ila ij s meeting the preliminary 
r T? res °“ly a change of saturating 
^ does provide a remarkable improve- 
the weather resistance of the covering. 

no.« w ctange Y 1 * temperature in the hard- 
““ W “ow * 1 asphalts as compared with the 

and alsothe greater stability 
Fit dPeratmg temperatures, is illustrated 
Se Srder be ttat air blown asphalts 

^as an average, at: temperatures of 40 deg. 

- EtBMRICAI, EtIGiNBERINe 
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. fahr. . and high.ei-; are sqfter tha’n the mm 

mercial saturates below this tempe^turf Thl 
smeller change i n the hardness of the air blown^ 
phalts as corap are d with the comm£d£ sitm 
^ter being heated for 100 hr. at 525 de/ fab 
shown m Fig. 5 jt will be noted tLt fh. w 
asphalts have not changed greatly, while the com 1 
, mercial saturants have become mudi harder TmI 
“^hange with long heating has b“oved to 
correlate rather closely with the iesistanceofthe 
wire covering to weathering. 01 tfle 

the W whc,1n°W- the o aS:P;ha iIr tS v Wllich weather P°°rly in 
the wires m Fig-. 2 would have been eliminate /hv 

requiring them to meet the preliminary specification^ 
it is not yet certain that this will always be S 
the accelemted. weathering test must still be de¬ 
pended upon to eliminate the poor materials In 
the operation of the “weatherometer” on the stand 
ard cycle used by the Bureau of Standards til 
commercial saturants all show extreme checking or 
' cracking in only one day whereas the asphalts r/com- 
mended show no signs of deterioration in this time 
except m one instance, thus checking the tests of the 
asphalts m wires as illustrated in Figs. 1, 2, and 3 
The analysis of asplxalt and the determination of 
chemical unsaturation now are being carried on to 
learn if it is possible to correlate some result of this 
analysis with tlae variation in weathering. 

Saturating T&vrp^RA-xxjREs 

To obtain thorough saturation of triple braid 
s ^ t " rant f ° f a fusing point of from 
oO to 200 deg. fahr. at present saturating speeds, 

?J*r eSSar J }°^ LSG saturatin g temperatures 

than are used today. laboratory tests have shown 

to oht f m sat ^ation of three braids on No. 6 
AWG. conductors in 5 min. requires a saturant 
viscosity of 100 deg. Stormer, or less. In Fig. 6 
is shown graphically tbte time required to saturate 
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Fig. 6. (Left) Viscos¬ 
ity vs. saturating time 
for triple braid cover¬ 
ing on No. 6 AWG. 
conductors 

Fig. 7. (Below) Com¬ 
parison of viscosity of 
saturants 


; £J“J fiY™ viscosity the triple braid covering on 
-No. 6 AWG. conductors with asphalts of a very- 
wide range. It should be noted that the time pf 
saturation is not the same for all saturants at a 
given viscosity but varies with the asphalt, some • 
requiring qiore and some less time,, 

That higher temperatures are required to obtain 
saturation of the braided coverings with the air 
blqwn asphalts than are required in the case of the 
commercial saturants is shown in Fier. 7. Vis¬ 
cosities lower than 100 sec. per 1 Q 0 resolutions are 
required to obtain saturation of triple braid cover- 

satt \ ra ^ I J& speeds, and temperatures 
O1360 deg. fahr. and higher are necessary for satura¬ 
tion _ with these asphalts. A change would be 
required in the heating equipment for the saturating 
tanks if such saturants* are to be used. 

A number of tests was made to determine definitely 
whether or not saturating temperatures as high as 
00 deg. fahr. can be used without damaging th e 
cotton yarns or too greatly annealing "the "copper 
conductors. The cotton yarns were tested for 
tensile strength, heated in air for different times, 
allowed to regain normal moisture content, and 
again tested. The tensile strength of oil soaked 
yarns was also tested and compared with that of 
Similar yams heated in oil for varying times. No. 

6 AWG. copper conductors, both medium hard and 
hard drawn, were tested for tensile strength after ' 
heating in hot oil for varying times, aqd compared 
with tests made on unheated conductors. The* 
results of the cotton and copper tests are presented 
in Tables II and III. 

It may be seen that the loss of strength of the 
cotton yam is of no importance in even the longest 
saturating time. There is no' appreciable annealing 
of the copper conductors iff the saturating times 
required in the modem continuous saturating tanVc 
now generally used. In the case of the older type 

Tabic II—Effect of Saturating Temperature on the Tensile 
Strength of Cotton Yarn 


Yam Heated in Air (Constant Temperature Oven) 


Sample 


Tensile 

Strength 


£er Cent 
Loss 


Original yam... 2,001 g. 

Heated 15 min. at 392 deg. fahr..... 1,760 g.241.12.0 

Heated 30 min. at 392 deg. fahr.1,526 g. 475 .23 7 

Heated 90 min, at 392 deg, fahr..... 1,360 g. 641 . ” ’ ’ ’ ] ] [ 32-0 


ASPHALTS ’PROPOSED 
ASSATURANTS 



Sample 


Dry yarn...,. 
Dipped in cold oil.... 
Heated 15 min. 212 
Heated 30 min. 212 
Heated 15. min. 302 
Heated 30 min. 302 
Heated 7Vi min. 892 
Heated 16 min. 392 
Heated 30 min. 392 


Yam Heated in Oil 


Average Tensile 
Strength 


Per Cent Losb 


deg. fahr 
deg. fahr 
deg. fahr 
deg. fahr 
deg. fahr 
deg. fahr 
deg. fahr 


A Cold oiled sample as a standard 
B Sample heated 15 min. at 212 deg. fahr., as a standard 
C Sample heated 15 min. at 302 deg. fahr., as a standard 
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Tabic III—Effect of Saturating Temperature on the Tensile 
Strength of Copper Conductors r 

AU Samples Heated at 392 Deg. Fahr. . 

- ---_- 

+ -- 

ir ; _j nt Tensile Strength Loss in Strength Per Cent 

Kmd of Sample e, Lb. per Sq. In. Lb. per Sq. Loss 

' - --- - —- --- 

Hard drawn No. 6 copper wire 

Unheated wire.63,560 • 

Heated 10 nun.62,590. G70 1 Co 

Heated 30 nun. . e ....61,140.!! !2,42o!!!!!!!!!!.’ ii.M 

Medium hard drawn No. 6 copper wire 
Unheated wire.*.51,430 

******* . 60 ' 780 . 650..1.27 

Heated 30 mm... .49,490.1,940 393 


reel in and reel out” saturating tank, the time 
require^ for saturating may b£ long enough to anneal 
the conductor slightly, requiring that the conductors 
be drawn somewhat harder initially. It is believed 
that these tests have definitely cleared the way for 
the use of higher saturating temperatures in so far 
as a likelihood of any damage to yams or conductors 
is concerned. 


Other Modifications 

The improvement that may be made in the weather 
resistance of the air blown asphalts by the use of the 
proper infert mineral filler is shown in Fig. 3. Wfres 
numbers 832-5 are saturated with the same materials 
.as wires 815*8 in Fig. 2 except that 30 per cent by 
weight of 325-mesh slate dust was added to the 
asphalt before saturation. Wires 840-2 in Fig. 4 
are also asphalts to which certain modifying agents 
have been added. The use of such modifying ma¬ 
terials provides an additional and very desirable 
improvement in the weather resistance of the wire 
covering and also may slightly'reduce the cost of the 
saturant because of the cheapness of the slate dust. 
The use of the filler is particularly helpful in the 
case of the asphalt on the surface of the wire and in 
the case of the finishing materials. 

Finishing materials that are more flexible than the 
present waxes may be had and are. much more 
desirable, particularly when some filler is used as a 
coating or an anti-stick in these finishes. Mica 
flake is especially valuable as an outer finish. 


ings, and because of title ekcel^nt weathering quality 
°f such materials provide a highly protective coating, 
Ample proof has been given that the materials 
recommended herewith will produce longer life in 
weatherproof wire coverings. "Also, these materials 
may be obtained within a reasonable distance of 
any weatherproof wire plant in the United Stages. 
It is felt that the experience and equipment built 
flP as a result of this work should prove of value in 
the development' of improved weatherproof braids 
as applied to types of wire other than the ordinary 
weatherproof, wire. This is especially apparent 
when it is pointed out that in looking for improved 
materials, the coverings of tree wires and other 
insulated overhead line wires were investigated to 

;t an V weat ^ er P ro °fi n g compounds used in 

the braids on these wires were superior to the 
ordinary weatherproofing compounds, and it was 
discovered that while these coverings were made of 
exceptionally strong and high grade braids, they 
were not saturated with compounds in any way 
superior to the present commercial weatherproof 
saturants. ' 


Impulse Tests 
on a Substation 

e 

Severe flashovers have occurred in un¬ 
grounded 4,800-volt distribution sub¬ 
stations in Detroit. Impulse tests have 
proved that these were caused by surges 
reflected from regulator windings, but can 
be prevented by the proper placing of 
lightning arresters. 


New and Improved Coverings 

greatly superior insulation of paper tape 
covered samples with a single weatherproofed outer 
braid has been shown repeatedly by the slower 
decrease in insulation resistance of this covering 
when immersed in water, as compared with the 
tnpje braid construction. The use of this paper 
tape and single braid covering provides a conductor 
of lighter weight and of much smaller overall 
diameter, which means that sleet and wind loads 
will be lower, and also that the conductor will 
possess consistently high dielectric strength even 
with considerable exposure of the braids to the 
weather. Bakelite and other synthetic resins, Harvel 

Wishes, and other materials, 
have been apphed to weather resistant wire cover- 
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,, t-. . -x J !!?URING the 1928 lightning season 
tne .Detroit Edison Company experienced in five sub¬ 
stations a total of six arc-overs which were caused by 
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!?^“ n ^ voItageS eatv™*’the stations-by way of a 
4,800-volt ungrounded distribution system. The 
overhead lines of this system enter the substations 
through three-conductor underground cables, and 
hghtnmg arresters are located at each junction of 
hne to cable and at the substation bus. Some of the 
distribution lines are equipped with three phase volt¬ 
age regulators in the substations. These regulators 
ar€ \ T-connected, but the neutral is not brought out 
and is insulated from ground. Fig! 1 shqws the lay¬ 
out of a typical distribution line with a regulator. 

. besides being unusually large in number for a 
single season, the arc-overs were of unexpected 
seventy. In each case the lightning voltage cS 
flashover entered the substation by way of a distri¬ 
ct *? 11 hne on which there was a voltage regulator. 
Furthermore, the flashovers occurred at some point 
between the substation pothead and the line-side 
regulator terminals, their nature indicating that 
they were caused by potentials in excess of the break- 
' doW11 voltages of the cable pole and bus lightning 
arresters^ which inspection showed to be in good 
operating condition. This consistency in the loca¬ 
tion of the flashovers indicated that the surge 
impedance of the regulator series winding probably 
was great enough to cause reflections of surges 
entering the substation, and so to result in the 
budding tip of a voitage at the regulator line terminals 
sufficiently high to cause flashover. 

As the result of a series of impulse voltage tests, 
two forms of protection were found to be effective in 
preventing the surge voltage rising to values suffi¬ 
cient to break down the entrance cable or cause 
flashovers at the station end. Tow voltage lightning 
arresters shunted across the regulator series windings 
operate in series with the bus arrester and limit to the 
sum of the breakdown voltages of these two sets of 
arresters the rise of voltage on the line side of the 
regulator. The second method, and the one which is 
more desirable, because of its insuring a lower voltage 
at the substation end of the cable, is to connect 
arresters at this point to ground. They limi t the 
voltage on the substation pothead and on the regu¬ 
lator, and, acting in combination with the arresters 
on the bus and at the outside end of the cable, the 
voltage m the station and entrance cables to the 
drops across the arresters. 

Equipment Used . ■ * 

The 4,800-volt Elmdale distribution substation is 
of the open pipe-frame construction, the bus copper 
and all leads being insulated with varnished cambric. 
One distribution line with voltage regulator was left 
m the substation, and its 745-ft. entrance cable was 


180,000 volts were required in the tests, the generator 
was reconnected to deliver this voltage with a 
capacity of 0.075/ff. During the tests, two portable 
cathode-ray, oscillographs were used, one being an 
improved Nonnder oscillograph, and the other a 
George oscillograph of the hot cathode type. The* 
apparatus in the measuring systerii included a re¬ 
sistance potentiometer and a delay cable. 

_ 3J e substation apparatus tested is shown in Fig. 1 . 
Pothead 1 represents the cable pole pothead of the 
entrance cable. It was to this pothead that the surge 
generator was connected by a resistance, and through 
it the voltage surges entered the station. It will be 
noted that the three phases were joined electrically 
by potential transformers which were connected open- 
delta, and by the voltage regulator which was Y- 
connected with neutral ungrounded. Each phase 
had a lightning arrester at the cable pole pothead 1 
and at a point on each bus section, 6 and 7 ; various 
combinations of these arresters were tried during the 
tests. The arresters were rated 6,000 voRs for use on 
an ungrounded system. Suitable lightning arresters 
aiso were available for connection at the substation' 

pothead and for shunting the regulator series wind¬ 
ing. 

An analysis of a traveling surge entering the cable 
from the overhead line shows that, due to the lower 

SU m?\ m P^ ance the cable, the wave on the line 
will be reflected with reduced magnitude and re- * 
versed polarity. The voltage of the surge entering 
the cable will be less and the current greater than in 


SECT. 

SWITCH 



TO SURGE 
GENERATOR 


745 t 3-CONDT. 
200,000 CIR.MILS 
4,800-V. CABLE 


125-KVA. 

REGULATOR 


Fig. 1. Typical circuit layout at Elmdale sub¬ 
station, indicating points at which oscillograms of 
the surge voltage waves were taken 


» —~ « w-ii. cj-iuauue caoie was 
looped back so that both ends were in the station 
This was a three-conductor, 200,000-cir. mil, fead- 
covered cable insulated with oil-impregnated paper 
/ 3 2 in. thick on the conductors with a ®A 2 -in. over-all 
r ^'o '? ea ; d ^4, 000 -volt three-conductor cable 
hne 8,900 ft. long terminated in the station and was 
available during the tests. 

The impulse voltages used during the various tests 
were obtained from a 1 , 000 , 000 -volt lightning 
generator and auxiliary equipment. Since only 
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the original line surge, 
show these effects: 


The following equations 


2Z e 


Z e + Zl 


El 


. e 
1 " Z e 


where 

e = voltage of surge in cable 
Z e = surge impedance of cable 
Z L = surge impedance of line 
El = voltage of surge on line 
% n surge current in cable 
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• ^ surge generator shouldbe discharged directly 
into the cable, the current drawn by the arresters 
would be excessive due to successive reflections of 

* current.. Since it was not possible to apply the surge 

.to the cable by means of an overhead line, a resistance 
was'placed in series with the surge generator to limit 
the cun-ent m the cable to a value which would 
approximate that of a surge "entering from an over¬ 
head line. In the tests a series resistances of about 
250 ohms was used. • 

Two general types of impulse voltage waves were 

• used. One had a Wave front with voltage rise from 
zerp to maximum in approximately one microsec¬ 
ond, while the other, which was secured-by connect¬ 
ing 1,360 millihenrys inductance in series with the 
surge generator, had a wave front with voltage rise 
to maximum in about 10 microseconds. The wave 
having the steep front, as nearly as rectangular as 
possible, was required to show clearly on the os¬ 
cillogram, reflections of the impulse at the voltage 
regulator. Tests with surges having the slower 
wave fronts were also desirable in order to deter¬ 
mine the effects of Moderate surges of voltage such 
as may be induced on lines by nearby lightning strokes 

In the preliminary tests it was found that a number 

of factors which might be considered to be of im¬ 
portance could be neglected. For example, oscillo¬ 
grams taken with various values of resistance con¬ 
nected tp the bus to simulate the effects of other 
circuits indicated that although the surge voltage 
appearing oil the bus decreased as the connected 
resistances were decreased, the shapes of the im- 
puise voltage waves at points 1 and 2 were un¬ 
ited. Therefore most of the tests were made 
™ Ration bus open-circuited. It was found 
also that although m order to simulate connection to 
an overhead line the tw© phases which were not con- 

nected^to the surge generator should be grounded at 1 

through a resistance having a value of about 500 
ohms tire oscillograms did not differ from those taken 
mJi these phases open-circuited; consequently most 
of the tests were made with the latter arrangement. 
Prdimma^ voltage-time oscillograms also indicated 
that the effects of the instrument transformers were 
slight and that measurements need be taken onlv at 
positions 1, 2, and 5. At these three points the 
osoflograms are quite different because of the effect 
of the cabie poie hghtning arresters, the cable itself, 
and hhe voltage regulator. Also the voltages in¬ 
duced on the two phases which were not connected to 
the surge generator were found to be of negligible 
magnitude, or usually about one-fourth of the volt¬ 
age on the surged phase. Therefore further mea¬ 
surement of them was omitted. 

The impulse voltage tests indicated definitely that 
01 S a . 1 ! ma \ ai ? ount . of ener gy was drawn from the 
gh ^ SeneS windin S s of regulator by 

hghtning arresters and other equipment con- 

wLve d T the bl 5f» especially for the first part of the 

SSL, ° ne M St a of about 25-kv. crest 
entered the cable and was increased at station 

podiead £to a crest value of about 43 kv. by the 
partial reflection at the voltage regulator. The 

re ^ pted ^ ave returned to & cable pole 
end where it caused sufficient voltage rise to break 




down the hghtning arresters located there. These 
arresters prevented further voltage rise and returned 
a negative reflected wave to the station end of the 
cable, reducing the voltage at that point to about 

t0 ^ he high impedance of the regulator 
senes winding, the nse of surge voltage on the bus 
was much lower than at the station pothead, and'the 
bus lightning arresters were not able to protect the 
cable against voltage surges which may enter the 
substation through it. Additional tests made with 
the lightning arresters at the cable pole end dis- 
connected also indicated that the Hghtning arresters 
on the bus do not provide protection for the cable 
as the regulator impedance remained very high for a 

pothead^ 016111 " t0 CaUSe a flashover at the station 

Using the slow-front wave, oscillogr ams were 
taken, but these did not show the reflections at the 
regulator as distinctly as did those for the steep- 
iront wave, because the entering wave does not 
reach its maximum at the cable pole pothead before 

re i eC ?°" beg f S t0 return from th e regulator 
and adds to the voltage of the entering wave. How- 

ver, if the entrance cable had been long enough to 
about 1° microseconds for an impulse to 
travel back and forth through it, then the Sections 
would have been just as distinct as for the surge 
havrng a one-microsecond front. These oscillograms 
1 h + W definitely that the surge voltage at the 

+^ lat i?i r * nS i eS tc \ a value Skater than that at 
the cable pole pothead, and the reflections at the 

therefore appreciable. Consequently, 
with the shw .f ont wave > ^ regulator series 
winding offers considerable impedance and the rise of 
voltage on the bus is slow. 

The tests showed conclusively that the Hghtning 

^ ca ?> le pole end of the entrance cable 
only partially Hmit the rise of voltage at the sub¬ 
station end of the cable. If the front of the incident 
wave is short and the entrance cable,long, approxi-' 
mately double the voltage at the cable pole end will 
ti m SSCd £* tht ^ tion end for an appreciable 
cmdition° re ^ C&ble pole ^^ters reHeve this 

t? 1686 tests, however, it was definitely proved 

V0ltag ? at the station pothead may be 
limited to a safe value by shunting low voltage 

a S 0S l ^ Te S^tor series winding, thus 
peimiftmg the bus arresters to help lower the voltage 
at this point. The rise in voltage on the line side 

then 13 hmited to the sum of the 
breakdown voltages of these two sets of arresters. 

pr bved that protection could 
be secured by hghtning arresters located at the sub- 
station end °f the cable. These limit the voltage 

natiArf “ui ^ regulator, and, in combi- 

2 at *^th^the.cable pole and the bus arresters, 
lurnt the voltage m the cables within the station and 
^^the^ance cables to the drops across the 
arresters. This method of protection is more 
desirable than the use of low voltage arresters 
shunting the regulator series windings, since light- 

£n?t u & ^ the station pothead 

toit the voltage at that point to a somewhat lower 

# • •. ' ' • •’ *’ ■./ * ! • ...- 1 
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Operating Requirements 
of the Network Protect 


Rapid extension of the low-voltage a-c." 
network in metropolitan areas has required 
the solution of a number of new problems, 
among them being the development of a 
suitable network protector consisting of 
circuit breaker, relays, etc., to disconnect 
the feeder from the network at the proper 
times. 
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l\EEAY PROTECTION of the type 

of low voltage a-c. network installed in the metro¬ 
politan area of New York City was designed to give 
the a-c. network the same reliability of service ob¬ 
tained on a d-c. network. Such reliability was 
essential if the a-c. network was to be used in areas 
ol high load density where continuity of service is of 
paramount importance. 

Briefly, this type of a-c. network consists of a grid 
oi three-phase four-wire low-voltage mains to which 
power is supplied at suitable intervals by distribution 
transformers connected to high voltage feeders. 
To obtam diversity of supply, adjacent transformers 
are connected to different high voltage feeders which 
m turn are supplied by different generator bus sec¬ 
tions. Connecting the low voltage side of the 
transformers to the network are automatic network 
protectors which are the only means of readily dis- 
connecting the high voltage feeders from the network. 

The network protector consists of a three-pole air 
circuit breaker, a motor or solenoid to close the 
breaker against the action of springs and gravity 
two relays which control the closing and opening of 
tiie circuit breaker, and fuses in series with the circuit 
breaker contacts to give back-up protection. 

Many years' experience with the d-c. network, 
supplemented by test data, indicated that with 
sufficumt power available, faults on the network 
would bum clear. Thus, the first requirement of the 
protection scheme was that all sources of power 
remain connected to the network during network 
disturbances. The next requirement was -for the 
circuit breaker to open immediately when a fault 
occurred on the feeder side of the protector, either on 
the feeder or in a transformer co nnected to that • 

T r ?n* P f^ lyfor Electmc al Enoxneehxng and based upon a, talk ore 
gr ° UP Of ^ Institu f 3 Ne ^ r’ork SectJon. Not ** 
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feeder. In order that a high voltage feeder might be 
taken out of service with a minimum aniount of time 
and. expense it was considered desirable that the 
protector open on transformer exciting current, as 
the station operator could then clear a feeder merely 
by opening the station breaker. 

The closing operation also had to meet certain 
requirements; first, if Ihe transformer is energized 

1 th6 networ k » deenergized, the protector 
must close, second, if the network is energized but 
the transformer is deenergized, it must remain open; 
third,^ when both transformer and network are 
energized the protector must close when, but only 
when the magnitude and phase relation of the 
transformer voltage with respect to the network 
voltage is such that after it has closed, power will 
npw to the network. 

Design op Master Reeay 

To meet these requirements a relay usually re¬ 
erred to as the master relay, having thfee induction 
type, watt-hour meter elements, was provided.* 
These elements consist of disks mounted on a single 
shaft between the poles of electromagnets. The 
connections of the Westinghouse and General Elec- 
toe master relays are shown schematically in Figs. 1 
and 2, Referring to the diagram of the Westing- 
house relay, the lower pole of each magnet is mag¬ 
netized by a potential coil, and the upper poles by 
either the current coils or the phasing coils. The 
current coils are connected to current transformers 
and are energized when the breaker is closed. The 
phasing coils are connected in parallel with the 
breaker contact and are energized when the breaker 
is open. The General Electric relay is similar except 
“at, the current coils are also the phasing coils. 

® relay operates in the same manner as any 
directional relay. The interaction of the flux due to 
current in the potential coil with that due to current 
m either the current or phasing coils, causes the disks 
to rotate in one direction if the flow of power is 
“e network, and in the opposite direction if 
the flow is toward the transformer. The relay has 
one moving contact actuated by the disk shaft, and 
two stationary contacts. Rotation of the shaft in one 
direction closes the closing circuit of the protector, 
the cpposite direction, the tripping circuit. 
When the protector is completely deenergized, 
the relay is held in the closing position by a spring. 
Because the potential coil is on the network side of 
the protector, no magnetic torque will be present 
when the transformer only is energized; and to 
cause a protector to Close on a dead network, me¬ 
chanical, torque has b£en provided. When the net¬ 
work is energized but a feeder is deenergized, the 




protectors associated with it will remain open be¬ 
cause current will flow through the phasing- circuits 
to give, in conjunction will the potential cdl? 
maximum opening torque. 

• VP° n energizing the feeder the voltage across pq<4i 
of the circuit breakers of its associated protector 
becomes the vdctor difference between*the trans¬ 
former voltage and that of tlie network. The torque 
on the relay depends upon the relation of this so- 
called phasing voltage to the network voltage, it is 
desirable that the transformer voltage be somewhat 
greater in magnitude than the network voltage be¬ 
fore the breaker is closed. To impose this limitation 
upon the operation of the relay, the potential coil 
flux is lagged by an adjustable shading coil or lag 
ring so that the potential coils alone exert an opening 
torque ^lightly greater than the closing torque of the 
spring. Before the relay will make its “closing” 
contacts this excess opening torque must be over¬ 
come by the phasing coils. The amount of phasing 
voltage necessary to <jlose the breaker may be varied 
by adjusting the shading coils. Practise on the 
system of the New York and Queens Electric Light 
and Power Company is to set the relays to close 
.when a phasing voltage of 2 volts exists in phase with 
the network voltage. 

The lamps shown in the phasing circuits and 
usually referred to as phasing lamps are 15-watt 150- 
volt tungsten lamps. As tungsten has a high posi¬ 
tive temperature coefficient, its resistance will tend 
.to keep the'current in the phasing circuit constant 
regardless of the voltage across it, and the coils can 
be made sensitive to phasing voltages of widely 
varying magnitudes. 

Operating Characteristics op Master Reeay 

* 

The operating characteristic of a Westinghouse 
master relay on a 1,600-ampere (submersible rating) 
protector is shown in Fig. 3. Curve 1 is the locus of 
line currents varying in magnitude and phase angle 
referred to the network voltage which will produce a 
balanced torque on the relay element. If a vector 
representing current of any given magnitude and 


t 

phase angle'drawn from the qrigin crosses the curve 
timt current will cause the relay to close its tripping 
contacts and the protector will open. If the vector 
of the current does not cross the curve, the relay will 
close its closing contacts. It* is evident therefore 
that a current of 30 amperes lagging the network 
voltage, reversed, by 84 deg. will produce a balanced 
111 , tlle rela y* As the exciting current of a 
oOO-kva. three-phase transformer, with which such a 
protector is used 1 has an exciting current of approxi¬ 
mately 30 amperes at an angle of less than 80 deg 
as indicated by the vector I B> the relay will cause the 
protector to open when exciting current only is 
flowing. Curve 2, which is curve 1 redrawn to a 
™ ler scale > shows that for currents not exceeding 
4,000 amperes the relay acts like the usual watt 
element, the characteristic being almost a straight 
horizontal line. When the current exceeds 4,000 
amperes, the current transformers saturate and 
cause the curve to bend rapidly. This saturation 
protects the relay at high values of current in either 
direction. When saturation takes place, the ratio 
of the current transformers not only changes but the 
phase angle between the primary and secondary 
currents also changes. The primary current leads 
the secondary current less and less, with the result 
that the operating curve bends downward on the 
right-hand side and upward on the left-hand side. 
The upward bend improves relay operation on high 
values of •short-circuit current but prevents the relay 
from operating on high values of charging current. 

1 his is indicated on the diagram, where the vector of 
current I e .falls on the closing side of curve 2. 

Closing curve 3 is the locus of vectors representing 
the magnitude and phase relation with respect to the 
network voltage, of transformer voltages which will 
produce a balanced torque in the relay. If the vec¬ 
tor crosses the closing curve, the protector will be 
closed; otherwise it will remain open. 

Design of Phasing Reeay 

f. 

When the high voltage feeders .supplying a net¬ 
work are of different voltage and come from different 



Figs. 1 and 2. Schematic diagram of connections 
for General Electric master relay (above) and for 
Westinghouse master relay (right) 
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For Curve 1 use lower ampere scale; for Curve 2, upper 


bus sections of the same generating station, or per- 
haps from different generating stations, the phase 
angle between network and transformer voltages 
with a network protector open may be appreciable. 
If, during a hght load period, the transformer voltage 
is greater in magnitude than the network voltage but 
lags it, the phasing voltage may, when the breaker 
closes, cause power to flow from the network to the 
feeder. The direction of power flow depends upon 
the phase angle of the phasing voltage and the im¬ 
pedance angle of the system through which it flows. 
When such a reversal of power flow occurs, the mas¬ 
ter relay alternately causes the circuit breaker to 
open and close, a condition commonly referred to as 
pumping. Two methods of preventing protectors 
from pumping are available: one is to add an 
additional relay called the phasing relay to keep the 
circuit breaker open when this voltage condition 
exists, the other is to alter the opening characteristic 
of the master relay so that it will open the breaker 
only when the reverse power exceeds a predetermined 
value. Both methods have been used, ea ch having 
certain advantages and disadvantages. 

The phasing relay is similar to the master relay 
except that it has a single element and no current 
5™'■ The contacts of this relay which controls only 
, the closing of the circuit breaker are in series with the 
closing contacts of the master relay so that both 
must be in the closing position before the circuit 
breaker can close. The constants of the coils in the 
phasing relay are such that when the phasing voltage 
is 90 deg. out of phase with the network voltage, 
maximum torque is produced, the characteristic 
curve thus being approximately at right angle to the 
closing curve of the master relay. This relay has an 
adjustable voltage setting similar to that of the mas¬ 
ter relay and also an adjustment of the potential 
circuit constants which permits the curve to be 
rotated slightly. 

Operating Characteristics op Phasing Reeay 

t 

The closing curve of the phasing relay combined 
with that of, the master r^lay is shown in Fig. 4. 
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relays combined 


Only those phasing voltages-which exf end’into the 
upper left-hand quadrant will cause the relays to 
close the circuit breaker. Thus, the circuit breaker 
cannot close when a phasing voltage such as E n 
exists and which, with little or no load to be supplied 

'Would cause current I 2 to flow and re-open the circuit 
breaker. 

Operating Experience * 

Experience has shown that when phasing relays 
are necessary to prevent pumping certain protectors 
may be open at all times except during peak load or 
may not close at all. When a network is small and 
the distribution transformers are widely spaced, .open 
protectors are a cause of voltage complaints*. If 
there is an intermittent lbad on the network oc¬ 
casioned by the starting current of a large motor or 
electric welding equipment, a voltage dip will occur 
each time the load comes on, because the transformer 
capacity is insufficient until the open protectors 
close. A more serious condition may result if a net¬ 
work is supplied by only two or three feeders, and 
leading voltage on one feeder keeps the protectors 
on the others open; for should the first feeder de¬ 
velop a fault, the network will be completely de¬ 
energized while the open protectors are closing. 
The duration of such an interruption of course would 
be very short; but still it would be sufficient to shut 
down synchronous machinery or any apparatus 
controlled by relays operating on loss of voltage. 
Furthermore, the number of protector operations 
would be increased. This is an objectionable feature 
from the standpoint of maintenance and public 
relations. 

•% 

Provision eor Non-sensitive Reeay Settings 

As a result of experience and investigation the 
protectors now being purchased by the New York 
And Qpeens Electric Eight and Power Company have 
provision for altering the relay opening characteristic 
so that the relays may be given reverse current set¬ 
tings up to 20 per cent of the protector rating. The 
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Westinghouse company provides a spring restraint 
n their master relay which will give a reverse setting 
from 0 to 25 amperes. From 25 to 320 amperes the 

• 1S obtained by means of the shunt reactor 
method. This. method consists of connecting a 
reactor m parallel with each current coil of the relay 
so that less than«10 per cent of the current in the 
secondaries of the current transformers flows through 
the relay. Thus a relay set to trip on 25 amperes in- 
phase component of reverse current without tlfe 
reactors, will trip on approximately 250 amperes with 

. the reactors. An 'additional feature is a set of 
contacts in each reactor circuit which open on over¬ 
current of approximately 150 per cent of the pro- 
ratm &; for example, when the current on a 
1,bOO-ampere protector exceeds 2,000 amperes, these 
contacts^open and the relay setting drops to that of 
the spring adjustment. The combination of shunt 
reactors and cut-outs makes the relay insensitive to 
all reversals of power obtained under normal condi- 
tions, but sensitive to feeder fault conditions. 

The General Electric master relay also has a spring 
restraint which will provide settings between 0 and 
25 amperes. To obtain settings above 25 amperes a 

voltage-restraimng dement is added. This element 

which has two potential circuits, exerts a closing 
torque upon the bottom disk of the r ela y The* 
circuits are energized from the delta side of a 7-delta 

* transformer The torque exerted by this elements 
proportionai to the area of the delta and as the area 
of the delta decreases rapidly for single-phase or 
phase-to-ground faults the restraint or setting de- 
creases hkewise When unbalanced faults occur, 
one of the watt elements has to provide all or most of 


the opening torque, and unless the* restraint is re¬ 
duced in some fashioh, abnormally high current is 
required to anise the relay to open the circuit 

fatthwi, T ° l“ r ? < V r a ^ ist the rela y on unbalanced 
faults, the potential coils of the watt elements are 

connected phase-lo-phase instead of phase-to-ground 

Tw - V °u age restraint ^ applied. The phase-to- 
phaSe voltages are sustained nearer their normal 
value and so are better able to produce an opening 
torqua than are the phase-to-grouhd voltages. 

Limitations 


Enw = I24V. 



Ed^HV. 


Enw= 

123V. 



Ed= 13.5 V. 


Enw= 
121V. 


Figs. 5, 6, and 7. Test data of reverse power flow 


A back-feed condition caused by a 116-ton punch Dress 
dwen by a 75-hp. induction motor is shown in Fig 5 

°i th u pre u ssdrives motor aW^n- 
fhe E ^ d — when there is little additional loadili 
P j wer IS ,supplied to the feeder as indicated* 

tector re lav Ihid ^ protecto fs to open and the pro- 
PinAf'LiN - to l SIVen . a settln S of 150 amperes. In 

ph S as^ aWe differ Sh0W u 1 back ‘ feed condition P due to a 
!!SuTu jrr ence between two 4,000-volt feeders 
upplied by different generating stations. The relays at this 

current so a phasing relay was used to prevent oumoino 
An extreme case, shown in Fig., 7 (right) resulted wh^nLo 
Jransformers in. the same vault were connect^^to^S^ 1 ^ 

i 
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The objection to the use of non-sensitive settings is 
that protectors will not open when the station feeder 
breaker is opened or assuming the network trans- 
formers to be connected delta-7, when a fault occurs 
between one conductor of the feeder add ground. 
11 the feeder charging current is small or if it is so 
divided among the transformers connected to the 
leeder that the amount through each is small, the 
only disadvantage is the necessity of manually open¬ 
ing the closed protectors. However, if charging 
current of 3,000 amperes or more were permitted to 
flow tlnrough one transformer, the voltage of the net- 
woric m the vicinity of the transformer might be 

equfpm^it^ Value wllicl1 would endanger utilization 

The extent tp which the network voltage might be 
raised would depend upon the impedance of the net¬ 
work as well as upon the magnitude and phase angle 
of the current. If the charging current of a 26.4-kv. 
leeder, 5 miles or more in length, were supplied bv 
one transformer the voltage probably would rise 
. P cent, and for certain values of current and 
impedance might rise 50. per cent. In order that 
such a condition shall not exist it is the practise in 
the Borough of Queens to reduce the charging 
current of each feeder to a safe value by connect¬ 
ing shunt reactors. The lagging current drawn by 
these reactors added to the charging current gives 
a resultant current of a magnitude and phase 
angle which will not cause an objectionable voltage 

■^P^ ence on system has been that protectors 
on 26.4-kv. transformers can be operated with sensi¬ 
tive relays if care is taken in the choice of feeders 
supplying adjacent transformers. It is intended to 
kmit each protector to one operation a day, and of 
course to keep all protectors closed which if open 
would cause the network voltage to drop below the 
allowable minimum. At the present time only one 
protector of a total of 150 associated with 26.4-kv 
transformers requires a non-sensitive setting. 

USe ? n ? 6,4 '. kv ’ feeders of shunt reactors and 
sensitive relay settings has resulted in correct relay 
operation both when feeders are opened at the sta¬ 
tions and when phase-to-ground faults occur. How- 
ever, on lower voltage feeders non-sensitive settings 
often are required making it necessary to open these 
protectors manually before a feeder can be cleared 

^ mealls considerable 
delay and additional exptmse which should be avoided 

if possible. This hnutation of the present network 
protection and a desire to simplify the relays have 
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caused considerable thought'to be given to new 
protective schemes. ' 

Fuses 

* 

The network protector fuses whfch are of fhe link 
type and of either copper or alloy, provide back-up 
protection m case the protector fails to open’the 
^ . nor “ ial manner when a fault occurs on 
the feeder side of the protector. They provide 
protection also to the network transformer when a 
fault occurs on the network side of the protector 
which because of its proximity to the transformer, 
its duration, or both, may result in the transformer 
becoming overloaded beyond its thermal capacity. 

The minimum blowing value of these fuses is 
approximately three, times the full load current of the 
transfonnef-s. This value is less than the value of 
short-circuit current which will flow into a fault on 
the transformer side of the protector from an ex¬ 
tended network having ample transformer capacity 
but this minimum blowing value may not be less tharj 
the value of short-circuit current if the transformers 
are few and widely spaced. However, to use a fuse 
of lower minimum blowing value would result in un¬ 
necessary blowing of fuses with network faults. * 
Although the blowing of fuses due to network 
faults has been very infrequent, a solid fault near a 
transformer which does not clear immediately will 
cause the fuses to blow. In an area of. high load 
density with transformers a block apart a fault on 
the network may cause the fuses in three protectors 
to blow. The disconnecting of this amount of 
transformer capacity from the network in one locality 
would result in low voltage. 

The use of plain link fuses for back-up protection 
has certain disadvantages. If the minimum blowing 
value is low enough to insure opening the circuit for 
lower values of short-circuit current flowing toward 
the transformer, they will blow so rapidly on the high 
values that this blowing may take place before the 
protector circuit breaker can open. To protect the 
transformer against overheating when supplying 
current to network faults, the fuses should have a 
current-time curve similar to but slightly below the 
maximum safe current-time curve of the transformer. 
Because of the pronounced difference in their thermal 
capacities the curve of the fuse has a steep slope 
whereas the curve of the transformer has a gradual 
slope. Thus a fuse which will blow at low values of 
current only when the transformer has reached its 
maximum safe temperature, will blow too soon at 
higher values,. and probably unnecessarily. A third 
disadvantage is the amount of heat generated by the 
fuses. E l imin ation of this heat in protectors en- 
dosed in submersible boxes should permit an increase 
in their current rating. 

, In place of l ink fuses there is need for a back-up 
circuit breaker of small dimensions and low cost 
which can be given a definite time, overcurrent set- 
tmg for current flowing from the network, and an 
inverse time, overcurrent setting for current flowing 
toward the network. The inverse current-time 
curve should parallel closely the maximum Safe over- 
current-time curve of a distribution transformer. 


Molybdenum— 

The Metal That Talks 


1776 * it, - ISCOVERED BY SCHEME in 
1^78 m the form of an oxid, molybdenum was first 
separated as a metal by Hjelm in 17§£. Now it is 
produced commercially by hydrogen reduction of the 
0X i -u? 113 * 6 being obtained from ammonium ' 
molybdate. The resulting metallic powder is sintered, 
tprged, and rolled into desired shapes. When pure 
molybdenum is soft, white, and ductile. * 

During the last 35 years a great deal of research 
work was done in Europe, Japan, and the United 
States; many characteristics of the metal were 
developed. It did not come into prominence, how¬ 
ever, until the World War when it was used exten¬ 
sively as' an alloying element in light armoY plate 
helmets, and Liberty engines,, because of the great 
increase in strength and toughness imparted by it to 
steel. 

Even in war time, however, its application was 
hnuted, due to uncertainty of supply and high cost. 

In the last few years large deposits of ore have been 
discovered in the United States; there are deposits of 
varying richness in many parts of the wor&, but the ' 
largest and richest known are in this country. Com¬ 
mercial deposits are found ranging in richness from 0.5 
P e J cent up to 8 or 10 per cent molybdenum sulphide 
(M0S2). After grinding and flotation, the ore is 
concentrated to about 80 per cent M0S2; from these 
concentrates commercial products are made. Rapid 
lowering of cost by increased production has resulted 
in a large- portion of, the woirfcPs requirements being 
supplied from American mines. Hence in times of 
stress this important element could not be shut off 
from this country as could some alloying elements 
used in steel. ~ 

It has been said that, excepting carbon, molyb¬ 
denum is the most potent alloying element added to 
steel. It can be substituted for tungsten in ratio 
°* * f ° r 2 ‘ In quantities generally used in steel, 
molybdenum for the most part goes into solution 
with the iron,, although it forms a double carbid 
when present in amounts of more than 1 per cent 
or when considerable quantities of chrome or man¬ 
ganese are present. It also is probable that when ‘ 
cooled through the critical range, a definite compound 
of molybdenum and iron is formed. Used in amounts 
as small as 0.1 per cent or 2 lb. to the ton, it has 
shown marked tendencies in resisting corrosion. 

In quantities up to 10 per cent it offers a possible 
substitute for tungsten high speed tool steels. . 

Thin-walled, • high-strength, chromium-molyb¬ 
denum steel tubing has made modem high speed 
airplanes possible, and no substitute has been found 
for .highly stressed members in the fuselage. Such 
tubing combines the unusual advantages of high 
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str f?£tk without complex heat treatment, easy 
weldability, and no appreciable loss of .desirable 
properties m welded joints; it enables designers to 
mwease strength with no increase in weight. 

The pure metal is used extensively ‘in the in¬ 
candescent and radio bulb industry. According to 
a booklet, Rare.Metals” (Fansteel Products Com¬ 
pany, N.orth Chicago, Illinois).: “To say that the air 
or ether carries the radio broadcast wave is true, but 
it s a certain metal sealed tightly in tubes which puts 
the wave on. the air, and, then in different tubes, 


recaptures it,to be tuifced Jback into .music or words, 
this metal is molybdenum—file metal that talks.” 
laterally thousands of miles of molybdenum wire 
drawn through diamond dies, have been used in the 
radio industry. 

But that is not all, for, in the form of salts and 

^A? U l^ erSat ^ metaJ is used chemical and 
dye-industries. Thus do we find modem industry 
engineering, and research making a place for a ma- 
tena! Jmown for a, century and a half, but little used 
until within *the last few years. 


Engineering Features 
of Gas Filled Tubes 


Introduction of gas or vapor into electron 
tubes has increased greatly the field of 
application of these devices. Hot-cathode 
mercury vapor tubes of this type are espe¬ 
cially adapted to rectifier and inverter ser- 
. vice. Fundamentals, design features, and 
operating characteristics of these tubes are 
given in this article. 


By 
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. , /— URING the past few years vac- 

l 11 *? 1 ha T- e * < ? und an ever enlarging field in 
applications. This has been brought 
about prunanly by vast improvements in the design 
of tbe tub “ tiiemselves. In addition, the mom 
reeent gas filled tube provides the application en¬ 
gineer with a tool even more suited to his needs 

efficiency^^effr^gSto 1 ov”Mp^nt. P ° WerUgh; tube 
itrol is flexible and the power required for control is small. 
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tUe wear that accompanies the operation of mechanical devices. 

5. Noise and vibration are entirely absent 

The name “Phanotron” has been applied by the 
SfT- 1 Electric Company to gas or vapor filled 
election tubes, and in that company’s practise the 
name has become associated with the two-element 
• rectlf ying tube. Tubes of this type in 

which the starting of the conduction period is con- 
troUed electrostaticaUy by the action of one or more 
grids, have been termed “Thyratron” tubes, the 
name being coined from the Greek “thyra-,” meaning 
a door, and -tron,” meaning “a device.” 

Fundamentals op Theory and Operation » 

Theory and operation of vacuum and gas filled 
tubes have. been treated previously. 2 -M Briefly 

^ ca f e " of a high-vacuum tube is 
that electrons can be drawn from the cathode to the 
anode when the potential of the anode is above that 
of the cathode. These electrons in passing from 

tb? c ° de £\ anode to™ a charged cloud which gives 
the so-called space-charge voltage drop that depends 
upon electrode spacing, current drawn, and several 
other factors; it may vary in magnitude from a few 
volts to several thousand. In the gas filled tube 
decrions axe drawn from the cathode as before, but 
collide with gas molecules in passing to the anode 
thereby causing ionization which neutralizes the 
space-charge. Color and appearance of the glow 
produced is characteristic of the gas and its pressure. 

^ 3X0 drc ^P volt age is practically 
independent of the current drawn, and for thermionic 
cathodes within the limits of the tube design is of the 
order of from 5 to 25 volts. The voltage drop de¬ 
pends upon the available cathode emission, nature 
and pr^sure of the gas, and the design and spacing 
tube eleme nts. When the potential SfSS 
anode^becomes negative with respect to that of the 
catnode, conduction ceases. 

Simple gas filled rectifier tubes consist essentially 

ri^ K mentS: an anode and a cathode, stir- 
rounded by an evacuated container into which a 
partial atmosphere of an inert gas or vapor has 
been introduced. The cathode may be of the cold, 
thermionic (hot) or mer§ury pool type. Any of the 
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inert gases, such as |trgcm, neon, or helium, mercury 
vapor, or a combination of these elements maybe 

In . , more ““mon tubes, the cathode is of 
the (hermiomc type, and the vapor pressure is 
supplied by a small quantity of mercury. During 
operation nearly all of the current is carried by 
electrons from the cathode while the positive ions 
serve mainly to neutralize the space-charge Voltage 

,i n i he ‘ hr l ee : dement tube a c ® ntro1 grid 1 ms been 
added which interposes an electrostaHc screen be- 

l"ht a t £, anode ?? d ^ode as in the high-vacuum 
tube. When a direct potential is applied to the 
anode of a lugh-vacuum tube, its grid gives a con- 
tmuous, uniform control of the anode current. 
In the gas filled tube the grid as usually operated 
controls only the starting of the current and there- 

a ^ t t r ^ exei ' ts a PP rec i a hle influence upon the cur¬ 
rent flow. Grid control can be reestablished, how¬ 
s' 61 '’ by removing, reducing to zero, or reversing 
the Polarity of the anode voltage for a period suf¬ 
ficiently long to allow the tube to deionize. If 
an alternating potential is applied to the anode, 
tfle gnd has opportunity to regain control during 
the negative portion of each cycle and to delay the 
starting of the anode current for as long a period 
m the positive portion of the subsequent cycle or ’ 
cycles as desired. It is possible thus to control the 
average current flowing through the tube. 

Control of the average anode current may be 
obtained by several methods. The critical grid 
voltage at which conduction takes place when an 
alternating potential is applied to the anode is 
somewhat m the form of a sinusoidal wave in phase 
opposition to the anode voltage. (See Fig. 1.) 
When a direct potential. is used for grid control 
the average output varies’ from zero to ha lf voltage 
m one step and is then uniform from half to full volt¬ 
age. If, however, the grid as well as the anode is 
supplied with an alternating potential of the same 
frequency, and further, if the phase relations between 
the gnd and anode voltages can be varied, complete 
“ of. the average voltage output 
may be obtained. In Fig. 1 is shown the effect on the 


Fig. 2. Tube volt¬ 
es* drop, arc-drop 
potential and ini¬ 
tial anode current at 
start of conduction, 
for a typical two- 
element mercury- 
vapor tujpe 
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Fig. 1. Control of 
average output volt¬ 
age of a gas filled 
rectifier tube by grid 
phase-shift method; 
shaded parts indi¬ 
cate relative average 
outputs for the three 
conditions 


A—Anode and grid 
voltages nearly out of 
phase; B— displaced 
about 90 deg.; C—in 
phase 
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output _ (shaded portion) as the grid potential is 

’ nosit^r^ N ad / a *? ed ? rom ^e nearly out-of-phase 

to ^ m "phase position (C). The 
T 7 b . e , control ! ed also by varying the magrfi- 
tude of the gnd potential and by combinations of the 
a-c. bias, phase, and magnitude methods. 

Design and Operating Characteristics 

° f tU 5 e r design warrant special 
Tbe t ? pe and form of the cathode and- 
T® °Por atm & pressure of the gas or vapor 
and the type of grid control require a'close degree of 
coordmation in order to insure satisfactory perform- 
ance. 

Cathodes. As already mentioned, three general 
types of cathodes are in use, namely: the cold 

t ^°.° b and ^ or thermionic types! 

In the cold cathode, elections are drawn from the 
cola surface of an-electrode through the action of 
an intense electrostatic field. Cold cathode tubes 
have a relatively high voltage drop and a com¬ 
paratively small current carrying capacity. 

, me ** sur y.P 0 °l tube a cathode spot is es¬ 

tablished and maintained on the surface of the 
mercury by auxiliary electrodes. The pool cathode 
is wen known through its use in mercury arc rec¬ 
tifiers and has ability to supply high peak currents. 
An adequate cooling surface must be provided to 
condense the mercury evaporated by the cathode 
spot. Since the tube elements must be shielded 
trom the blast of evaporating mercury and spray, 
the arc drop voltage usually is higher than that of 
tubes with equivalent thermionic cathodes. 

Hot or thermionic cathodes furnish electrons 
through the heating of a metal that is an active 
thermionic emitter or that has been coated with an 
electron emitting material. The hot cathode used in 
the majority of gas filled tubes is of the Wehnelt or 
oxide coated form because of its efficiency, durability, 
and reliability of operation. 

Onde coated cathodes may be divided into two 
general types: (1) the filament or directly heated 
type, and (2) the indirectly heated type. Filament 
cathodes are used in some of the tubes where rapid 
heatmg is essential, and may be shielded. In in¬ 
directly heated cathodes, the heating element is 
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Fig. 3. Voltages at which conduction 

starts for two typical three-element 

mercury-vapor tubes with (A) negative 

control and (B) positive control 
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Fig. 4. Deionization time at different 
condensed mercury temperatures of a 
three-element mercury-vapor tube de¬ 
signed primarily for inverter purposes 
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Fig. 5. Grid current vs. grid voltage 
for several values of anode current for 
same tube as in Fig. 4 


commonly a separate tungsten heater which through 
radiation or conduction, supplies its energy to the 
emitting surface. 

Heat shielding and concentration of the cathode 
in small space are made possible in gas filled tubes 
through loisization of the gas which neutralizes any 
space-charge and permits electrons to be drawn from 
crevices and ifiade to emerge from comparatively 
small holes in the cathode shields. This would be 
impracticable in high-vacuum tubes. Time re¬ 
quired for a cathode to reach operating temperature 
is a function of the ratio of cathode mass to heating 
powef; consequently, the heating time is a minimum 
m unshielded cathodes and increases with shielding 
In general, the more efficient the'cathode, the longer 
is the heating tune. Potential at which the cathode 
heatmg power is supplied is held below the ionization 
potential of the gas (10.4 volts for mercury vapor). 

Gas Pressure.' Pressure of the gas governs the 
temperature limits of operation in any gas filled tube. 
In mercury vapor tubes, the pressure is determined 
by the temperature of the coldest part of the tube- 
mmniry condenses at this point and a measurement 
? f the temperature gives an indication of the pressure 
3? > SiT 6, ^ith excessive gas pressure, conduc¬ 
tion in the reverse direction or arc-back may occur- 
also under these conditions a three-element tube 
may lose control. If Hie pressure is too low, the 

ar ?t VC T ag ?. ” ses above the critical value 2 at which 
cathode disintegration begins. In addition, low 
vapor pressure seriously reduces the ability of the 
tube to start conducting heavy currents; under 
such conditions, sputtering of the cathode and 
sometimes arc-back may occur. In general there 
exists _a definite range of pressure for satisfactory 
operation. For most tubes this range of pressure 
+ 0I Kn S ?° nds to ^“kient air temperature of from 20 
to 50 deg. cent. Temperature rise of the condensing 
mercury above ambient varies from approximately 

^ <?ent '’ upon the tube design. 

These conditions are illustrated in Fig. 2. 6 

- Control characteristics of tubes in which an inert 
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fixed gas is used are nearly independent of ambient 
temperature changes. This characteristic is of par- 
. ticufer advantage where large ambient tempera¬ 
ture variations are encountered and where con¬ 
stancy of control is desired. Pressure limi ts are 
determined by loss of control and reverse current 
conduction for the upper limit, and by gas “clean¬ 
up” for the lower. However, the operating ranges 
of voltage and current are far less than those of 
similar mercury vapor tubes. 

Control Characteristics. Two classifications of 
three-element tubes are made with regard to the con¬ 
trol characteristics—negative and positive: A nega¬ 
tive control tube is one the critical grid voltage of 
which is negative with respect to the cathode over 
most of the operating range. Since conduction 
starts when the grid is negative, very little grid 
current is drawn before discharge. "A positive 
control tube is one in which .-the critical grid voltage 
is positive over most of the operating range. In 
this type the electrostatic field of the anode is rela¬ 
tively weak at the cathode; consequently, it is 
necessary to drive the grid positive in order to es¬ 
tablish conduction. It may even be necessary 
first to produce ionization between cathode and 
grid befdre anode conduction occurs. Control curves 
for the two types are shown in Fig. 3. 

Ionization and Deionization Time. The tim e re¬ 
quired to establish conduction, sometimes call ed 
ionization time,” varies from less than 1 micro- 
sec. in two-element tubes and some of the negative 
control three-element tubes to several microseconds 
m the positive tubes; it varies with, the vapor pres¬ 
sure, tftbe design, and grid excitation. 

Time required to regain control, or the “deioniza¬ 
tion time,” varies with the anode current, vapor 
pressure, grid excitation, and anode voltage change. 4 
Length of the deionization time may vary accor ding 
to tube design from a few microseconds to approxi¬ 
mately 1,000 microsec. This factor is of little 
importance in ordinary rectifiers or in controlled 
rectifiers utilizing three-cJement tubes when operate 
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ing at the usual <§istrrbution frequencies. Com¬ 
mutation or current transfer" from one tube to an¬ 
other is natural and sufficient time exists to regain 
grid control. In inverters, however, commutation 
is forced and the available time to regain grid control 
is short; consequently, tubes having high speed 
colonization qualities are essential. Deioiyzation 
time^for one type of three-element tube is given in 

Grid current "before and after ionization-occurs 
is shown in Fig. 5. These curves ffiustrate the need 
of carefully designed grid circuits in order that the 
gnd currents wluch flow when the gas is ionized do 
not unbalance the control circuit. 

Ratings op Gas Fitted Tubes 

Certain ratings used in describing gas filled tubes 
are peculiar to these tubes; some of the more im¬ 
portant of these are: 

1. Maximum peak inverse voltage. 

2 ?* a f a tjng applying to both two- and three-dement tubes- 

“a*! 11111111 voltage that should be applied between 
anode and cathode of a tube during operation wh^n +ii» 
negative with respect to the eathoCTS 


of tiie total transformer voltage 
g g r 1 ?? dire to line surges o? ottetoStan^" 

Sve^'cZr^'SMSa^^lig^ 


2. Maximum peak forward voltage. 


This rating applies to three-element tubes only- it reriresento 
same as that of the maximui peak invSe vc^ magnitude 13 the 


3. 


Maximum peak anode current. 

*_ • «• .a _ 


re. 



E avg. 

_L 


Bi-phase half-wave, 
2 anodes 

•^W ■=> 0.318 E n ax. 
„ “ 0.450 Mr.m.s. 

^invent => 3.14 



full-wave. 


Bi-phase 
4 anodes 
Eava. — 0.636 E max 
= 0.900 Er. m .». 
Einvtne ~ 1.57 E a vg, 


Three-phase half-wave, 
3 anodes 

Eavo. = 0.827 Emax. 

_ » 1.170 

Einvtrtt — 2.09 Eavg. 


This is an indication of the available cathode emission and w 0 

set- “ 

m 

4. Maximum average anode current. 

Jvi S ai S e a ^Snr b ^ e< l UP ° n £ ube heating and represents the highest 

S SSsSsStSEbSS 

£ *r a y e ^ ge current ^ng the integration periodmtS 

JatSL ^ SSeS i m th . e arc vary directly with the average cuSSt 

ind^ntet rf ““ Mc drt,p 15 constant and 

- 5. Maximum surge current. 

operating conditions, such as occur when a rectifier 

£f h rr° U ? ed * tbe anode current becomes limited almost entirdv 
by the transformer and line impedance. The shoi^drSi? • 
dance of power transformers usually is of the order of from 5 to P 10 
per cent of the rated impedance; consequentiw the short cir Ji? 
current may reach values of from ten to twenty toes fomal Tn 
order to radicate the available transient emission of^he Sthode^ 

6. Maximum peak and maximum average *md 
currents. - 6 s 

These represent the grid current ratings; usually they have the came 
integration period as that of the anode current rating 


Double-Y three-phase 

half-wave, 6 anodes ; 
Eavg. = 0.827 Emax. 

- 1.170 Er.m.*. 
Einvtne ~ 2.09 Egvg. 


. - •: • V. i.if.<• 

• . . ;v -J.:- 7 j 

m g i 

.'•'3 ijy r'•T;':,-•• 












Three-phase full-wave, 
6 anodes • 

•5W = 1.65 E« a *. .. 

_ — 2.34JBr. TO .g, 

^inverse *1.047 Ea 


u avg. 


Fig. 6. Typical rectifier circuits and voltage relations 
for two-element tubes 
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Fig. 7. A group of three-element vapor-filled tubes 
for control, power rectifier, and inverter purposes 

The group of five tubes on the left have maximum peak anode 

° i r0m 0,5 , dlT ! p f c f or Ae smallest to 600 
amperes for the large metal-clad tube/ peak forward and 
inverse voltage ratings range from 1,000 to 3,500 volts. The 
two tubes on the right have peak ratings of 15,000 volts and 
are capable of conducting peak anode currents of 75 and 450 
amperes, respectively. Two-element tubes of similar dimen¬ 
sions and ratings also have been developed 
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Fundamentally, the application of these tubes 
may be divided into two classes: (1) that of the 
rectifier in converting alternating current into direct 
• current with or without voltage control; and (2) 
that of tiie inverter 6 m changing direct current into 
alternating current. 

Rectifier Application 

• 

A typical circuit for a bi-phase, half-wave rectifier 
with voltage control is shown in Fig. 8. (The term 

bi-phase” is a part of a proposed circuit nomencla¬ 
ture .for rectifiers.) Current and voltage relations 
in this circuit *are shown in Figs. 9, 10, and 11, for 
loads approximating resistance, inductance and 
capacitance, operation, respectively. In each case 
the oscillograph elements have traced the output and 
anode voltages, and the anode current of one tube. 

Oscillogram A of Fig. 9 shows voltage and current 
relations for the rectifier with a resistance load and 
operating at full output; that is, the grid voltage is 
in phase with the anode voltage. In oscillogram B 
the grid voltage has been retarded approximately 
90 deg. so that anode conduction begins at about 
the peak of the anode voltage wave. The sudden 
doubling of the inverse voltage is due to the start of 
conduction in the opposite tube. With no current* 
, fl° w i* 1 either tube, the cathodes assume the potential 
of the trdhsformer mid point; consequently, tfie 
inverse voltage is only half of the transformer voltage. 
When conduction is established through one tube, 
the total transformer voltage (less the tube voltage 
drop) appears across the other. 

Effect of introducing an inductance as a filter in the 
output circuit of the rectifier of Fig. 8 is shown in 
Fig. 10. In oscillogram A the grid voltage is in 
phase with the anode voltage and the relation^ 
correspond to those of simple fwo-element rectifier 
tubes. . Oscillogram B shows the effect of retarding 
the grid voltage. In the case of a bi-phase rectifier 
operating with an inductive load, it is possible 
theoretically to control completely the voltage out¬ 
put with a total grid phase shift of 90 deg. An 
inductance is essentially a constant current device 
which stores or releases energy as the voltage applied 
to it rises or falls. Consequently if the anodes are 
made conducting by the grids at the peaks of the 
applied voltage waves or later, anode current will 
flow m each tube until transferred to the other, or 
or ISO deg. During half of this time, however, 
the anode voltage will have reversed its polarity and 
the net output is zero. The energy relations cor¬ 
respond to those of a circuit with a 90 deg. lagging 
power factor. The effect of leakage reactance in the 
transformer upon the commutation or transfer of 
current from one tube to the other also is shown. 

. Commutation in a rectifier is a natural process, 
smce the anode voltage of the tube that is ceasing to 
Conduct is falling and that of the incoming tube is 
rising. During the period when both tubes are 
conducting, a short-circuit current begins to flow in 
the reverse direction through the tube that is ceasing 
to conduct When the peak of the short-circuit 
current reaqhes the value of the previous anode 
current, conduction ceases. 8 



Fig. 8. Simple bi-phase half-wave rectifier circuit 
using three-element tubes; I, Vi and Vs indicate con¬ 
nection of oscillograph elements for determining volt¬ 
age and current relations shown in Figs. 9,10, and 1 1 


(A) 

Grid voltage 
in- phase with 
anode voltage 

Output 
(avg. values) 
Volts 178 
Amperes 2 


(B) 

Grid voltage 
lags anode 
voltage 90 
deg. 

Output 
(avg. values) 
Volts 91 

Amperes 1.05 
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Fig. 9. Voltage and current relations for rectifier of 
Fig. 8 with resistance load 

Portions of the curves have been strengthened for clarity 


(A) 

Grid voltage 
in phase with 
anode voltage 

Output 
(avg. values) 
Volts 176 

Amperes 2 

<B) 

Grid voltage 
lags anode 
voltage' 60 
deg. 

Output 
(avg. values) 
Volts 94 

Amperes 1.08 


Fig. 10. Voltage and current relations for rectifier 
of Fig. 8 with series resistance and inductance load 

Portions of the curves have been strengthened for clarity 
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^In Fig. 11 operation of the rectifier of Fig. 8 with 
shunt capacitance is shown for two phase positions 
of the grid voltage. The peak anode currents that 
are drawn illustrate quite clearly the low internal 
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(A) 

Grid voltage 
in phase with 
anode voltage 

©utput 
(avg. values) 
Volts, 220 
Amperes 1.8 


(B) . 

Grid voltage 
lags anode 
voltage 70 
deg. 

Output 
(avg. values') 
Volts 240 
Amperes 2 


Fig. 11. Voltage and current relations for rectifier 
of Fig. 8 with resistance load shunted by capacity 

Portions of the curves have been strengthened for clarity 
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Fig. 12. Single-phase inverter circuit for changing 
direct to alternating current using three-element tubes, 

with oscillograms for various voltages and currents 

Portions of the curves have been strengthened for clarity 
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resistance of gas filled tubes. With capacitance 
operation the maximum peak anode current may be 
th unintentionally exceeded while operating at less than 
,e the average current rating. * 

s) Inverter Application * * 

o »• 

8 f^?V ppH< : d t0 inv erter operation the function 
,oi the three-element tube is essentially that of a 
switch for changing the unidirectional flow of direct 
C J ul T ent to alternate sections of transformer windings, 
e n inverters some form of energy storage is necessary 
3 not only to commutate the flow of current from one 
, windingTo another, but also to aid m deionizing the 
^ tube and so establish grid control. 

) ^ple single-phase inverter circuit is shown in 
2 -big. 12. In operation the grid of tube -A, for ex- 
nmple, is made sufficiently positive to establish 
conduction, while the grid of tube B is held suf- 
fiaently negative to maintain control. Current 
tnen flows from the d-c. • source tfiroug'h the in¬ 
ductance and one half of the transformer winding 
completing the circuit through tube A. Commutat- 
mg condenser C becomes charged negatively at tube 
B and positively at tube A, to a potential the value 
* of which is nearly twice that of the d-c. line. At the 
end of the cycle the polarity of the grids is reversed 
*md tube B is made conducting. Current that pre¬ 
viously had been flowing through tube A is diverted 
to the condenser, and as conduction geases the anode 
of tube A is driven negative, the grid thereby gaining 
C °? tr °r>‘ Mea . nwhile > current flow is transferred to 
tube B and its half of the transformer winding; 
commutation of the tube currents is then complete. 
The condenser is charged again but with opposite 
polarity for repeating the switching operations. On 
the output side of, the transformer the tube voltage 
waves combine to produce an alternating voltage 
that by proper circuit constants can be made practi¬ 
cally sinusoidal. 

Oscillograms of Fig. 12 were taken with the in¬ 
verter operating at 60 cycles and supplying a resis¬ 
tance load. The relation of the condenser current 
to the anode current during the commutating period 
is shown clearly. During the commutation period 
m order that the grid may gain control,, all ions 
within the tubes in the space between anode and grid 
must diffuse to the elements before the anode voltage 
becomes positive. The length of this period is ‘ 
extremely short in comparison to .that available in a 
controlled rectifier. Consequently, the deionization 
time of the tubes for this service must be short, and 
m addition, both grid and anode must be designed 
to withstand severe ion bombardment. • 

In the present state of development the gas or 
vapor filled tube has increased manyfold the current 
carrying capacity of the electron tube. As the field 
of usefulness increases, even larger tubes and tubes 
with greater sensitivity of control may well be 
developed. 
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Labor and 

Engineering Progress 


Application of engineering methods, train¬ 
ing, and skill to the social, political, and 
industrial problems of the present day 
would contribute in a'valuable way toward 
satisfactory stabilization. This is the tenth 
article in The Engineering Foundation's 
symposium “Has Man Benefited by Engi¬ 
neering Progress?” 


By 

WILLIAM GREEN 


President, American 
Federation of Labor 
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, . ■ ° SCIENTIFIC RESEARCH and 

o the engineers of this country we owe our notable 
progress in the technical side of industry. MecW 

Anl? 0 ^ 1S re P* acm £ physical power. Workers are 
controlhng machine tools that produce at a rate tW 
^Id W stagger^ the gi£ts 0 
ages Giant cranes, tractors, steam shovels 8 doulSe 
crank presses, conveyers, cash registers calottla+imr 
machines, dynamos, and many other deuces revolt 
tiomzed industrial processes. BngiL^sam 
responsible for marvelous machinetoolT and for forr 

^sesasMstasssit^ 


7 fSS 3 ! Sf iwT 6 “£$ Uctivi ^ between 1919 and 
s # 1929 with that from 1899 to 1919: 54 as against 26 

id %f r cen } ?? sta *5 this in another way, this increase 
m productivity shows up sharply when translated 
:s. * nto hours. Work that kept a workman busy 59 
hours a week m 1899 was done in 47 hours in 1919- 
work which was done.in a 52 hour week in 1919 wag 
to done nr 34 hours in 1929. These increases in work- 
* ers productivity have brought a steady decrease in 
N the umt*costs of production. 

J, In addition to improved tools and processes, the 
5 pi E. cl P les of mass production have made available to 
millions many products which formerly were luxuries 
•- mtbm .: the reach only of those within the higher in- 
i * wi m t brackets * , The wage earner with an automo- 
’ bile has access to wider opportunities for work and 
i choice m adjusting the details of living than the wage 
earner limited by his own traveling capacity. Life 
and work are now conditioned by control of horse- 
power. The radio brings him control over wider 
areas of information and contacts with the personali¬ 
ties and lives of others. Facilities for sanitation and 
cleanliness give wage earners of today comforts that 
not even royalty enjoyed two centuries agT 
On the employment side of the ledger, technical 
.progress has brought exceedingly difficult problems 
to workers and industry. Our term technological un- 
V employment expresses an experience that often has 
made science seem the enemy of wage earners. But 
this is because science has been used without taking 
mto consideration the fact that wage earners have an 
equity in their jobs. How to make quantities has 
been learned, but not how to get them to the people 
who can use them, or how to distribute equitablv the 
returns from joint products. Present attempts direct 
these modem currents through the old channels de¬ 
veloped m the days of hand production. 

^ gG + eani ^i. make a . very im P°rtant investment 
m industry. They put m the time and labor neces- 
saiy to turn out the products of the,industry: they 
put m their creative capacity, their intelligence, their 

work fives. The tune has been reached when securi¬ 
ties for these non-material investments must be given 
consideration commensurate with that for capital 
myestments. Merely speeding up the industrialma- 
chme is, not an unmixed good unless engineers realize 
that these changes profoundly affect human fives, 
aD nr? an *’° niake the influence constructive 
When undertakings are going to affect one of more 
groups, the only way to make sure that all those 
having legitimate interests are safeguarded is to pro- 
vide for collective consideration and counsel. This 
is m accord with the engineering practise of finding 
and applymg facts. This field of facts of human 
progress affords the ultimate tests of the value of 
progress. Failure to consider the conse- 
of Pjkaes and changes upon interrelated 
mt^ests results in perplexing problems that impede 
progress and precipitate strife. •/'-">••• 

tc ? no ^ Stress has resulted from 
in t erde pendence of national in- 
terest . : Within our country is found failure to bal- 

+ - nd ? rogress - Custom has established 
.priorities for material interests that have 
worked for unequal distribution of wealth and income 

’ Blectricai, Bngi^bkilei!TG 
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6f for many. • Wage ’earners 

belong to the groups denied pnorities in security. 

It has been pointed out that, because all interests 
are interrelated, we must work out principles of bal¬ 
ance; increasing output against capacity to,buy; in¬ 
creasing productivity against increasing leisure, tech¬ 
nical progress against the available supply of labor 
output against the incomes of buyers, volume of busi¬ 
ness against available credit, etc. Sustained business 
prosperity can be attained only' through ail under¬ 
standing and application of the principles of balance. 
The welfare of mankind can be advanced safely in 
this complicated age only when the principles of 
balance between forces which work for progress and 
retrogression are understood. 5 

.. T ,°? tat ? s , and well-being, Labor has out- 
lined the following Labor program: 

^ func * ional g*>»PS to advance their group 
interests, and collective conferences and agreements to oromnt-p 
progress for all, in which Labor shall participate Promote 

2. Reduction of weekly work hours as productivity increases. 

3. Wage increases to raise consumer credit as output increases. 

Ldi^7 S ec P u?fty ab0r ^ ^ production staking, carrying job. 

Application of these principles would give Labor 
and all other groups a fair chance to advance their - 
interests in individual establishments, but this is not, 
enough. The industries of a nation are dependent 
upon each group for prosperity or depression. There¬ 
of®* there must be nation-wide planning by indus¬ 
tries and collective discussion and agreement for the 

market t0getlier with consideration of the world 

To these larger problems which include the intangi¬ 
ble as well as the technical forces with which engi¬ 
neers are familiar, the engineers of the country can 
make valuable contributions. It is hoped that engi¬ 
neers will feel a responsibility for carrying their 
methods of work into the larger field. 

---—_ w_ 

. Pur8U * nt to invitation of the Engineering Foundation, the 
editora will be happy to receive comments, criticisms, or discussions pertainimr 
to this or other articles published in this series. pertaining 


Slow motion synchro¬ 
nous motor (above) as 
built for the experi¬ 
mental clock shown in 
the smaller view. There 
$re only four moving 
parts, one for each hand 
and one for the split- 
second “spot. 1 * The 
clock is 10 in. in di¬ 
ameter and 6 in. high 


Slow Motion Motor 
Will Run Indefinitely 

. • While one group of scientists has 

be cn perfecting electrical machinery that will run 
at higher and still higher speeds, another group has 
been going to the other extreme by perfecting a tim¬ 
ing motor that will revolve only twice a day. By 
following the same principles the speed could be 
slowed down to one revolution per year or even less. 

Wntten especially for Electrical Engineering. . Not published in pamphlet 
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Theoretically there is no limit to the slowness that 
could be achieved, according to L. W. Chubb and 
T. R. Watts research engineers of the Westinghouse 
Electric and Manufacturing Company. 

While the idea is still in the experimental stages 
and is not commercially available, the fact that it is 
practical and workable has been demonstrated in a 
clock of unique design. One feature of the clock is 
that it has only four moving parts, each of which is 
necessary to operate one of the hands. The fastest 
of these revolves only 60 times per minute. If the 
four points of wear were to be sealed in oil cups and 
jewels used for bearings as in good watches, the clock 
should run indefinitely without attention; of course 
such performance would require that the electric 
current never be interrupted. 

In the accompanying illustrations are shown a 
view of an experimental model of the clock, together 
with a plan view of the slow motion motor. Just 
below the outer rim of the clock face is the stator of 
the motor having 118 iron teeth around its inside 
edge and wound so as to provide a revolving magnetic 
field. Inside this ring is the rotor around the outer 
edge of which are 120 iron teeth. With different 
numbers of teeth on the two parts, only two teeth 
are synchronized at any one time and there is a 
vernier effect around the rest of the circle. This 
causes the motor to move only the distance of two 
teeth for each revolution of the magnetic field of the 
stator. Thus on a 60-cycle system with the stator 
field revolving at the fate of 3,600 times per minute, 
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the rotor revolves only 60 times per minute, the speed 

required for a split-second hand. • • 

Around the imier edge of the rotor ring are 122 
•teeth; inside this is a second rotating iron ring of still 
smaller diameter with 120 teeth around its outer edge. 
In this second reduction of speed the first rotor be¬ 
comes the stator fof the second, but while the first is 
running forward 60 revolutions, the second is run¬ 
ning only one, so that its net progress forward is one 
revolution per minute. This is the speed desired for* 
the second hand. 

Attached to the second hand rotor is a permanent 
horseshoe magnet which creates a new rotating 
field m 118 irod teeth driving still another‘ring with 
120 teeth at the rate of one revolution per hour. • 
This runs the minute hand. Attached to the; minute 
hand rotot is a second permanent magnet creating a 
rotating field in 22 teeth and driving a 24-tooth rotor 
one revolution every 12 hours for the hour hand. 
The entire operation may be explained by saying that 
each rotor, travels only two teeth for each revolution 
of its magnetic field. Obviously by changing the 
number of teeth, any desired speed may be obtained. 


Magnet Steels and 
Permanent Magnets 


A new relationship connecting the open- 
circuit remanence of a permanent magnet 
with the factors which determine its value 
has been found. This relationship, shown 
by Fig. 2 of the following article, appears 
to be general and valid for all kinds of 
magnet steel. Also, criterion; of magnetic 
quality are presented, including a nomo¬ 
gram chart for permanent magnet design. 


By 

K. L. SCOTT 

MEMBER A.I.E.E. 


Western Electric Co., 
Inc, Chicago, III. 
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General studies of themae- 

netrc properties of magnet steels and permanent mag- 
nets embraee a number of related problems, prominent 
amraig than being the determination of the relation 

t ? en circuit / ema nence of a permanent 
magnet and the vario us factors which its 

convention, New York, N. Y., Jan. 25-29, 193^ t d * th AXE ‘ E ’ wmter 
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value- These •factors include Hhe magnetic char¬ 
acteristics or properties of the steel, as displayed by 
its hysteresis loop, and the shape and dimensions of 
the magnet. Of interest to the manufacturer of 
magnet §teel are the questions *>of how chemical 
composition, and melting and rolling practise affect 
the magnetic and mechanical properties of the steel f 
Tfie manufacturer of magnets is interested in the 
effect of the necessary manufacturing operations, 
such as* heatipg fof hot forming and armpglinpr to 
increase machinabifity upon the flux obtainable in 
the finished magnet, in the tendency of the steel to 
warp or crack upon quenching, and in the proper 
hardening treatment to use. 

Other special subjects may be listed, including the 
manner in which various influences may affect the 
state of magnetization of a magnet, the correlation 
of the microstructure and mechanical properties of a 
magnet steel with its magnetic properties, the deter¬ 
mination of a suitable criterion of magnetic quality 
the development of accurate and convenient testing 
equipment, and various other matters of greater or 
less importance. It is the purpose of this article to 
present data relating to some of the above topics 
which have been collected during the course of 
.several years connection with the manufacturer of 

iSh^ magntts ’ both in the laboratory and in 

The following symbols and notation are used in 
tiie paper. All values of B are intrinsic or ferric 
induction. 

Bmax “ ^he value of magnetic induction corresponding ta the 
txp of a given hysteresis loop 

Emo* - the value of magnetizing force corresponding to B max 

*• ■ tfissssa&tfir ^ *> ^ 

Br = r 3j* , S Ruction the magnetic induction in a closed 
mg or infinitely long straight bar after the value of 
H has been reduce*! from H nax to 0 

He = “f^je force the value of [H required to reduce B from 
B r to 0 in a rmg or an infimtely long bar 

Brm " induction at the magnetic 

equator of a permanent magnet with no external mag¬ 
netizing or demagnetizing force. Values of B r ^ m 
this paper are without pole pieces on the magnets 

L = the actual developed length of a magnet 

A = the area of cross-section of a magnet 

D = the equivalent diameter of a magnet = 2y/J/lr 

L/D =»the dimension ratio of a permanent magnet 

T = hardening temperature, absolute scale 

To - optimum hardening temperature, absolute scale 

tsssstsiu 016 ^ ° ! — 

Factors Determining Remanence 
of a Permanent Magnet 

.It desired to determine the relationship be- 

? man ^ c ? ° f a P^anent magnet and the 
anous factors which determine its value. As it was 
supposed that shape, was one of these factors, and in 
order to control its influence as a variable, all tests 
were made upon straight bars. This form of test 
specimen possessed the advantages of being easily 
* 
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obtainable, easily di\plickted' k and welt adapted to the 
measurement of magnetic properties in a permeame- 
ter as well as to remanence measurements with a 
search coil. 

. a num ber of straight Jbars was 

coHected during the course of several laboratory 
investigations. Each of the bars was 12, in. in 
length. In the lot were bars of Vs x 1 Vo in l h x 1 L 
in., ■/**•/ 4 in.„V4 Xll A in., %x # 

m. cross-sections. All available'types of steel were 
represented, including a 0.9 per cent chrome steel, a 
3.5 per cent chrome steel, a 0.85 per cent manganese 
steel, a 5 per cent tungsten steel, and 20 per cent, 
25 per cent, and 36 per cent cobalt steels. The range 
in coercive force was from 40 to 260 oersteds ac- 
compamed by values of residual induction varying 
from 6,000 to 11,000 gausses. 

Experimental Procedure 

The test bars were hardened in the manner 
appropriate to each kind of steel, except that some 
bars purposely were quenched from a high tempera¬ 
ture in order to secure low values of B r . After 
hardening, the demagnetization curve for each bar 
was detenmned by means of penneameter measure- , 
ments, using the Babbitt permeameter and a Grassot 
x with lamp and scale. The control circuit 

ol this permeameter is the conventional circuit for a 
rmg test. All magnetic data are comparable sincje 
all ot the test specimens were measured by the same 
instrument. (See “An Improved Permeameter for 
Testing Magnet Steel,” by B. J. Babbitt, Opt. Soc. 
Amer. Jl, v. 17, 1928, p. 47.) 

Following the permeameter measurements each 
bar was magnetized as a, straight bar magnet in an 
air core solenoid. Field strengths of over 1000 
oersteds were applied to each bar. Upon removal 
troin the solenoid the flux density at the middle of 
the bar was, measured by means of a search coil and 
the Grassot flux meter with lamp and scale. This is 
the quantity referred to as B rem in this article. 

After the measurements at 12-in. lengths were 
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May 1932 


Fig. 2. Correlation between the combinations of 
variables indicated, for bars of any kind of material, 
magnetic properties, length, and oross-section. 
Same data as in Fig. 1 

completed, each bar was cut by remov ing 1 hi. of 
material at each end, to successive lengths of 10, 8 6 
4, and 2 in., except that in the case of some of the 
pars of larger cross-section the lengths of 10, 6, and 2 
in. were omitted. Remanence measurements were 
made at each of the above lengths. The bars were 
remagnetized for each new measurement of B rem 
The foregoing experiments made available for 
analysis a wide range of values of the associated 
variables B rem , B r , H e , B, and A. 

Analysis or Data * • 

For a number of the specimens the values of 
remanence versus length are plotted in Fig. 1 to 
show the range of values existing in different bar 
magnets of the same length, but of different cross- 
sections and materials when fully magnetized. The 
differences in B rem for a particular length of bar are 
due to the differences in B r , H e , and cross-section of 
the various specimens. The chief characteristics 
that the several curves of Fig. 1 have in common are 
a general resemblance in shape to a normal induction 
an d an asymptotic approach to limiting values 
of B rem as the lengths increase. 

In Fig. 2 is shown the result of plotting against 

L_ 

Dy% for the same set of bars. The combination of 

variables jjVH c was arrived at by a purely cut-and- 

try process, but it was later suggested to the. writer 

that it would be preferable to use In either 

case, a surprisingly good correlation is obtained. 

As shown in Fig. 2, a line drawn through the origin 
and tangent to the dotted curve of that figure has 

its point of tangency at values of and - JE‘ 

, . B r D^B r 

of approximately 0.65 and 1.25, respectively. It will 


* - 


321 




be shown later that this is the point of maximum 
efficiency;*. e., the point at which are obtained the 
highest values of B rem or external magnetic energy per 
•umt volume of steel. It follows that magnets should be 

so' designed that = 1.25 and ^ = 0.65. 

The nomogram of fog. 3 was laid out on this basis 
The use of this chart to design a magnet of maxim..™ 
efficiency is illustrated by the dotted lines'of the. 

In *6 fase shown, a total flux in the magnet 
“ ^.OOO^maxweUs is desired, and a steel with a B, 
01 10,000 gausses and a coercive force of 54 oersteds 
is assumed, ^he correct values of A and L are 
found to be 0.461 sq. cm. and 13 cm., respectively, 
and the dimension ratio is 17. If the nomogram & * 
applied to the design of other than straight bar 
magnets, the length given by the chart will be too 
great, depending upon how close the poles of the 
magnet come to each other. 

Criterions op Magnetic Quality 

op Permanent Magnet Steees 

A number of quantities determinable by magnetic 
measurement has been proposed at various times by 
different investigators for use as criterions of the • 
magnetic quality of magnet steels. Among these 
jnay be listed B,H„ B,/B m 


V 

a.ad B r /H c . "Hie first of thdse criterions is discussed 
“ Permanent Magnets in Theory and Practise," 
S. Fvershed. Instn. Else. Eng Tl v i q on 
p. 780, and v. 63, p. 725, 192sf the second^ “Bin 
neues^ Material fur Permanent Magnete,” F. 
Gumlich, Elektrotech. Zeitsch., v. 44, 1923 p 147 * 
and the last criterion is discussed in the following 
two articles by J. A. Mathews: “Magnetic Habits of 

A™‘ Soc \ Mail. Proc., V. 14, 

1914, p. 50, ajid Retamed Austenite—a Contribu- 

r 6 ^ eta 5 argy of Ma ^etism,” Am. Soc. 
for Steel Treating Trans., Nov. 1925, p. 565. 

The quantity (. BH) max was proposed by S. Fver- 
shed, and his theoretical justification for it is con- 
bu ^ ? n experimental verification seemed 
^ ira ^ le * ]Data from the bars shown in Fig. 3, 
andnthers, were used for this purpose. These data 

from^tt + n F - g ; + 4 ' . ^ bar there is plotted, 

from left to nght, its demagnetization curve as 

^ the P e ^ eamet er, the derived curve of 

Wfo fS CUrVe °f Brem in terms 0 f 

length, all plotted to the same scale of B Fig 4 
shows that if tangents to the curves of B rm Vefsut 
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J 1 . 9 : 3 - . Nomo f» ra '('•'I for permanent n» 9 ne* 
dMisn for maximum efficiency. Based on the 
curves of Figs. 1 and 2 


Fig. 4. Experimental verification of validity of 
Evershed’s criterion for magnetic quality of per¬ 
manent magnet steels 

length are drawn through the origin, the point of 

»^ nC -L^r eaCh . 0a f indicates value of B„ m 
Mid length for which the value of B r „/len s th, or 

Bwjvolume is a maximum. It is clearly shown 
ttat m each case these values ol B rm coincide with 
the values, of B for which the product (BH) is a 

S^rSt^f “*<**"8 that the point 

is the pomt ofmaxunum efficiency for the magnet, 

Sm^v 80110 ^ tbe cur ^ e s shows that the value 
or {bttjniax IS a measure of the efficiency or quality of 
the steel. It is believed therefore that the quantity 

* BtEcTRicAE Engineering 
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z A , . & . -s 1.0 i.a 

Fi^. 5. Relation between the quantity BJf* and 
Evershed's criterion (BH) mMX 



H-OeWTED» OH *10"* 

Fis* 6. Typical demagnetization curves and curves 
of BH versus B for various kinds of magnet steel 


(BH) max furnishes a wholly reliable measure of the 
quality of a permanent magnet steel. It can be 
used to select from a choice of composition’s or heat 
treatments the one which is the best in terms of 
magnetic energy in the air-gap of the magnet per 
unit volume of steel in the magnet. The optimum 
hardening temperature, previously referred to, is 
defined as the hardening temperature at which is 
obtained the maximum value of (BH)^ for a given 
type of steel. * 

The product B r H c is shown by Fig. 5 to bear an 
approximately linear relationship to (BH) max , and 
as B r H c can be determined with less effort, it is 
preferable for routine use as a criterion. The o ther 
quantities mentioned are all open to serious objection 
as being in some cases either meaningless or actually 
misleading. A number of typical demagnetization 
curves and the derived curves of BH plotted against 
B is given in Fig. 6. 
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Supervisory Control for 
A-C. Electrified Railroads, 


” * In its electrification in and 

around Philadelphia, the Pennsylvania Railroad has 
use two installations of supervisory control 
for the remote operation of high voltage a-c. step- 
down substations. In a current A-I.E-E. * paper 

■* T?f e + ^ ?' West (M'28) Westinghouse 

Electric and Manufacturing Company, East Pitts- 
burgh. Pa., and H. C. Griffith, Pennsylvania Rail¬ 
road Company, Philadelphia, Pa., describe some of 
the features of the installation and relate in detail 
h °^° me of the < ^® cult " ES encountered were solved. 

• /T7 en electrification was put into service, 
interference with the supervisory equipment was 
experienced from induced voltage in the control 
wires when the trolley circuits were fed fro m one 
™ S interference w as evidenced by chattering 
of the relays, and flashing over, and some tim es 
* destruction, of the protector tubes; in case of trolley 
fault, fuses were blown. 

SfAfter attempting by several other means, to 
obviate the disturbing effects of the induced volt¬ 
ages, one of the installations was Rebuilt using a 
new method of control known as the visicode system, 
brought out by the Westinghouse company. This 
scheme utilizes only two line wires and operates by 
means of d-c. unidirectional impulses; it is ideally 
suited to the limiting of effects of low frequency 
induction. A special reactor connected in each end 
of the control system line Is said to be the key to the 
successful application of this circuit. With this 
arrangement a low induced current can flow con¬ 
tinuously in the two supervisory, line wires without 
flashing the protector tubes or interfering with opera¬ 
tion. A high quality of operation has been obtained 
since the; rebuilding of this installation. In the second 
installation, the synchronous visual set originally in¬ 
stalled has a rather short line circuit and is not so 
closely located to contact line circuits; this original 
equipment continues to give good operation. 

When these types of supervisory control equip¬ 
ment have been adjusted properly, they are said tq 
operate with very little maintenance; where the 
equipment is in a clean neighborhood and is operating 
satisfactorily, inspection. periods can be extended 
to as long as four months. In conclusion the authors 
state that, “The results obtained by the Pennsyl¬ 
vania Railroad have shown that when the substa¬ 
tions are located where control points are so distant 
that the installation of direct control cables is not 
economical, control can be adequately obtained by 

the use of proper supervisory equipment.It 

may be safely stated that Supervisory control is 
destined to play an increasingly important part in 
future railrqad electrification. ’ ’ 

summer convention, Asheville, N. C., June 22-26, 1931. -ft-.i.E.E. 
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Decrement Curves 


Standard decrement curves in use for*a 
number of«years in the calculation of power 
system voltages' and currents under fault 
eondition$ ( now have been revised and are 
presented herewith. Their use enables 
the determination of the magnitudes of 
voltages and currents for various intervals 
of time subsequent to the occurrence of a 
fault. 


By 

W. C. HAHN 

ASSOCIATE A.I.E.E 

c. F. WAGNER 

MEMBER A.I.EE 


General Elec. Co., 
Chicago, lli. 


Westlnghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


A, 


^^^PPLICATION of circuit breakers 

rj^ y !.° n P r°T er systems frequently requires a 
determination of the magnitude of voltages and cur¬ 
rents under fault conditions for various intervals of 
tone measured from the instant of the application of 
the fault. The decay of fault current from initial to 
sustained values commonly is determined by means 
of decrement curves. A standard set of decrement 
curves was published for the first time in 1918 (see 

iQ 9 ? enC /i 1 These were revised in 

m the N -BX.A. Relay Handbook 
(1926) and in various manufacturers’ publications. 

In the past eight years there has been considerable 
progress in die analysis of transients in synchronous 
machines. Furthermore, the method of symmetrical 
components has come into general use for the calcula¬ 
tor of unbalanced faults. These developments in 
theory, together with the increased knowledge of ma¬ 
chine constants, have made desirable a new set of 
decrement curves. Such a set now has been prepared 
* PA „ 1S ^ lven ji n , 1 an d 2. These curves have 

? pr0V w. b y the National Electrical Manufac¬ 
turers Association. 

Refinements Secured 

A single decrement for the a-c. component of fault 
current was assumed for the 1923 decrement curves 
The new curves take into consideration the fact that 
the a-c. component is made up of two exponential 

532 ^ the + fact ** the transient t^onstot 
vanes with system reactance. The meth od of using 

u P° n "'Standard Decrement Curves” ('No ~ . - 

AJ-E-E. winter convention, New york, N, Y., Jan. ** the 



10 20 30 40 50 60 70 80 

SYSTEM REACTANCE IN PER CENT ” ,w 

Fig. 1. Standard short-circuit decrement curves for 
synchronous machines 

System reactance must be based on system kva. and not on the 
particular kva. chosen as a base for calculations. System kva. 
is connected synchronous capacity in leva. 

These curves are based on T' d0 - 5 sec. For other values 

multiply actual times by to get equivalent times to use 
in curves. 

For three-phase short circuit— . 

Reactance—Use system reactance to the point of fault 
Times full load (normal) scale—use scale reading 

For line-to-line short circuit— 

Reactance—Use two times system reactance for three-phase 
fault « 

Times full-load (normal) scale—Multiply scale reading by 

For line-to-ground short circuit— 

Reactance—Use (2 xi + jc 0 ) or 

3 X (init ial three-phase short-circuit current) 

(initial line-to-ground short-circuit current) ^ 

.... ,, ^tem reactance for three-phase fault 
Times full-load (normal) scale—Multiply scale reading by 3 

thf•curves includes a means to give more accurate re¬ 
sults in case the time constants of machines differ ap- 

pr ^j7 rom assumed average figures upon 
which the curves are based. 

Three separate groups of curves, one for each type 
of fault, namely, three phase, line-to-line, and line-to- 
ground, were included in the 1923 curves. The new 
decrement curves include only a single set which, 
however, is applicable to the same three types of 
aults. This is feasible because the new curves are 
based u p on the method of symmetrical components. 
The old curves assume equal initial values of line-to¬ 
nne and three phase currents whereas the present 
curves^ are plotted for the more usual ratio of 0.866. 
The old curves for line«to-ground faults were re- 
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stricted to the particular case of a fault on the ter¬ 
minals of one or more generators all the neutrals of 
which were solidly grounded; the new curves were 
not restricted in this respect. 

No distinction was made between machines with 
and without damper windings in the 1923 curves, 
while the present set has been designed to apply par¬ 
ticularly to salient pole machines with amortisseurs, 
and to turbine-alternators. They therefore give in¬ 
accurate results for the first 0.2 sec. for salient pole 
machines without damper windings and are supple¬ 
mented by a method of calculation which gives the 
initial value of short-circuit current accurately for 
these machines. 

'V 

Basic Assumptions 

The basic assumptions from which the new curves 
have been derived are as follows: 

1. Immediately preceding the short circuit the generators are 

operating at rated voltage and kilovoltamperes at 80 per cent power 
factor. , 

2. No automatic voltage regulator is used. 

3. The actual system subjected to fault may be represented by a 
single equivalent generator 6f the same total rating and an external 
reactance. 

4. The load is located at the machine terminals; the machine re¬ 
actance is taken as 15 per cent unless the total reactance is less th a n 
15 per cent, in which event all the reactance is assumed to be in the 
machine. 

5. The short circuit occurs on an unloaded feeder. 

6. The short circuit occurs at the point of the voltage wave which 
corresponds to maximum possible instantaneous current. 

7. All resistance in the circuit including the resistance of the fault 
is neglected. 

8. All the machine e.m.f.’s are in phase. 


ma chme reactances and time constants are those of repre¬ 
sentative modern machines. Of particular importance is the rela- 
shownin Fg g rans * en ^ subtransient reactance of mflotnnp;; as 

o * 

Application op , 

Standard Decrement Curves * . * 

The decrement curves of Figs. 1 and 2 -give the 
r.m.s. total current expressed in terms of “times nor¬ 
mal current” with total connected synchronous ca¬ 
pacity in kilovoltamperes as a base. The same data 
are given in both figures, system reactance in per cent. 
being used for the abscissas of Fig. 1, while elapsed 
tone in seconds is used as the abscissas of Fig. 2. 
The curves of either figure may be used, depending 
upon convenience. The instructions for use riven 
below Fig. 1 apply also to Fig. 2. * * g 

# The reactance to be used with the curves for any 
kind of a fault may be obtained by means of analyti¬ 
cal calculation, by the use of the calculating board, 
or, if the initial values of symmetrical short-circuit 
currents happen to be known from other sources, in¬ 
directly by substitution in the formulas below Fig. 1. 
In order to choose the proper decrement curve it is 
essential that the reactance used to select a curve in 
-Fig. 2, or a line in Fig. 1, be expressed as a per cent of 
the total connected synchronous capacity in kilovolt¬ 
amperes rather than as is common practise, an arbi¬ 
trary value conveniently chosen to expedite system * 
calculations. 

If the system open circuit time constant T' do re¬ 
ferred to the point of fault is known to be other than 
5.0 sec., the time scale of the curves may be corrected 
to conform to it by means of the formula given below 
Fig. 1. Other information on this subject may be 
found in references 4 and 5.* 

Three Phase ShorT Circuit 

The reactance to be used to select the proper decre¬ 
ment curve for a three phase fault, is what is com¬ 
monly spoken of as the “system reactance” referred 
to or viewed from the point of fault. It is the re¬ 
actance used with the decrement curves formerly 
published. When determining this reactance it is 
important that synchronous machines be represented 
by their subtransient reactances, and that all loads 
other than synchronous be neglected. Proper ac¬ 
count has been taken of these loads for the aver ag e 
system in deriving the decrement curves. 

The subtransient reactance just mentioned is the 
reactance to use in determining the r.m.s. initial 


Tabic I Typical Range and Average Values of Constants for Three Phase 



x d « xd* 


60 -Cycle Synchronous 


*2 


Machines 


* 0 *, 


Turbine-generators...0.95 to 1.45 (avg. 1,10). 

Salient pole motors and generators (with 

amortisseurs)..0.60 to 1.45 (avg. 1.10). 

Waterwheel generators (no amortisseurs).0.60 to 1.45 (avg; 1 10) 

Condensers. 1.50 to 2.20 (avg. 1.80).' 

Nomenclature ~~ 

xd " direct axis synchronous reactance (unsaturated) 

*/ ■ direct axis transient reactance (saturated) 

Xd" «» direct axis subtransient reactance (saturated) 
xt " positive sequence reactance 
xt “ negative sequence reactance 
*o ” zero sequence reactance (saturate*?) 


.0.07 to 0.17 (avg. 0.12).... - ... .0.01 to 0.14 (avg. 0.03) 


.0.13 to 0.35 (avg. 0.22).... m xa" (nearly) 
.0.85*/ ....0.80 to 0.70 (avg. 0.50)... 

.0.18 to 0.38 (avg. 0.25)-0.17 to 0.37 (avg. 0.24).,. 


.0.02 to 0.20 (avg. 0.06) 
.0.04 to 0.22 (avg. 0.07) 
.0.02 to 0.15 (avg. 0.08) 


Supplementary Data 

For test data of specific machines, refer to bibliography item 14. 

*/ « for waterwheel generators (saturated) - 0.20 to 0.45 (avg. 0.35) 
x d H m for turbine-generators and salient pole machines with amortisseurs 
(saturated) from Fig. 3 

*xo varies so critically with armature winding pitch that the average values 
given are not very dependable. 
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• 

value of the a-c. component of short-circuit current 
It includes the effect of induced currents in damper 
windings, etc., which have a very rapid decrement. 

• I He transient reactance on the other hand determines 
the a-c. component when the rapidly decaying com¬ 
ponent is neglected, while the synchronous reactance 
is used to determine sustained^ values of current. 

Means for obtaining the system reactance referred 
to the point of fault, and the corresponding short- 
circuit current has been developed fully in other 
papers 6 11 and is not discussed here. In case syn- 

• chronous machine reactances or .time constants are 
not known, Table I and Figs. 4 and 5 may be used as 
a guide m selecting reasonable values. • 

The system reactance referred to the point of fault 
assists in the selection of the proper decrement curves 
which giyes the three phase r.m.s. short-circuit cur¬ 
rent or kva. in “times normal” at any time after the 
occurrence of the short circuit, subject to the assump¬ 
tions previously given. 

♦ • 

Tine-to-Tine Short Circuit 

For a line-to-line short circuit the fault current is 
determined by the use of the standard decrement 
curves of Figs. 1 and 2 in the same manner as the 
three-phase short-circuit current by using a reactance* 

• f ^ ua 7 *° tw * ce t ^ ie system reactance (the value used 
for three-phase short-circuit calculation) and multi¬ 
ply 11 ^ the resulting current in times normal read from 
the curves by Vs. This rule results from the theory 
of symmetrical components, 7,8,9,11 assuming the nega¬ 
tive phase sequence reactance of the system as 
measured from the point of fault to be equal to the 
system reactance x v Where the negative phase se¬ 
quence of the system is known, more accurate results 
may be obtained by using a reactance equal to the 
sum of the system reactance x x and the negative 
phase sequence system reactance * instead of twice 
the system reactance x 1 . The negative phase se¬ 
quence reactance of the system is obtained in the 
same maimer as the system reactance x x except that 
the negative phase sequence reactance of the ma¬ 
chines is substituted for the subtransient reactance of 
machines. 


» 

ncal components or % reactances for the different se¬ 
quences used as outlined in the paragraph following. 
At any time-the line-to-ground current will be equal 
to three times the value of “times normal current” 
read frpm the decrement curves using the above 
values for system reactances. 

Th^ value of reactance to be used with the curves 
lor a line-to-ground short circuit may be determined 
using the method of symmetrical components, the re¬ 
actance being takeh as the sum of the positive, nega¬ 
tive, and zero sequence reactances of the system 
W + Xi + *b) as measured from the point of fault. 
For ordinary calculations it is sufficiently close to use 
a reactance equal to 2 x x + x 0) where x is the system 
reactance used for three-phase short-circuit calcula- 
tions and x 0 is the zero phase sequence reactance of 
tne system The zero phase sequence reactance may 
be obtained m a manner similar to that used for the 
determination of the system reactance for three phase 
short circuits by changing the reactances in accor¬ 
dance with the following rules: 

Ungrounded transformers... *= a> 

Grounded A- Y transformers. - ordinary reactance to 

neutral on Y side and 

Neqjra! impedance. . = 

Stogie circuit aerial lines (no ground neutraI 

Sle' circuit aeriai lines' (noground = 8 5 x ordinary reactance 

W1IeS '" ..... • • • “ 5.5 X ordinary reactance 

angle-circuit aerial lines (copper or ° f d ° Uble ^ 

‘ 2 '° x OTdin “ yre “*““ 
aluminum ground wires)... - 3.0 X ordinary reactance 

Cables, three phase. - 3 St x“^dinary reso 

Cables, single phase.,.. - jj% ordinary reactance 

Mt e o?A ride. dn?Uit WhiCh PCrmitS CUtrent to flow from Y to ground but 

For auto-transformers^ grounding transformers, and 
other special apparatus, refer to papers and articles 
which discuss the determination of tlie zero phase 
sequence impedance in more detail. 8 ' 12 * 13 


Tine-to-Ground Fauet 

_ For line-to-ground faults, the decrement curves of 
mgs. Land 2 still may be used, provided the ratio of 
the instantaneous values of three-phase fault current 
to line-to-ground fault current, or the proper value of 
reactance, is known. For this case the reactance 

y ree t “ nes the system reactance 
(3 Xi) multiplied by the ratio of the three phase 

™'T ent r . t 9. Vie line-to-ground short-circuit P cur¬ 
rent. Ordinarily the line-to-ground short-circuit 
current must be calculated by the method of symmet- 

T.ble II—Inltnl R.M.S. Alt«n,«ng (SymmeMal) Current 


Minimum Faui,t Current 

For certain relay applications it is sometimes neces¬ 
sary to know the total r.m.s. alternating fault current, 
*• e '> no d ' c - component, rather than the maxi- 


*0 

x 

ui < 
< • 


Reactance bn decrement curve. 
initial symmetrical current.... 
Reactance on decrement curve. 
ImiBal symmetrical current... 



Fig# 3. Relation between x/ 
ana Xi* (saturated values) 
for three phase synchronous 
machines 


&- 




/ 




EQUATION 
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Fig. 4. (Left) 
Open-circuit time 
constants of a-c. 
generators and 
motors 
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mum current at any time as given by the standard 
dearement curves which are based upon an asym¬ 
metrical fault. The initial r.m.s. alternating (sym¬ 
metrical) currents for values of system reactance are 
given in Table II. . 

As tlie asymmetrical component is negligible after 
0.3 sec., the r.m.s. alternating (symmetrical) current 
tor any time less than 0.3 sec. may be obtained by 
interpolation between the initial value obtained from 
the above table and the curve values at 0.3 sec. 
Satisfactory results can be obtained readily by 
sketching in a curve starting from the initial r.m.s. 
alternating (symmetrical) current and making it 
tangent to the corresponding standard decrement 
curve at 0.3 sec. 


Limitations of the Standard Curves 


Saeient Poee Machines without Dampers 

. Where salient pole machines without damper wind¬ 
ings supply the short-circuit current the standard 
decrement curves give good results after 0.2 sec., 
provided that for these machines the equivalent sub¬ 
transient reactances are obtained from the' known 
transient reactances by means of the relation given in 
Fig 3; however, the initial values indicated by 
standard decrement curves may be 30 per cent too 
high. If more accurate values of initial current are 
desired, it is necessary to make a separate calculation 
of the system reactance using the actual value of the 
subtransient reactance of the salient pole ma chin es 
without damper windings instead of the equivalent 
value obtained from the transient reactance b£ 
means of the relation given in Fig. 3. A curve 
readily may be sketched between the new initial 
point and the 0.2 sec. point on the standard decre¬ 
ment curve corresponding to the equivalent sub¬ 
transient reactance of Fig. 3. 

subtransient reactance of machines without 
damper windings generally has been taken as equal 
to the transient reactance. However, there "is an 
appreciable subtransient component in the short- 
circuit current of such a machine due to the damping 
action of the pole rivets and other closed circuits, 
and also due to the rapidly disappearing effects of 
saturation. The test data available indicate that 
the subtransient reactance of a machine without 
damper windings should be taken as about 85 per 
cent of the transient reactance. 
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There are certain limitations in the application of 
standard decrement curves,that should be recog¬ 
nized. The decrement curves with the supplementary 
methods will give safe values for circuit breaker ap¬ 
plication, except possibly in unusual cases. How¬ 
ever, for relay application, it is frequently insufficient 
-t° ™ ow that the current does not exceed a particular 
maximum value but instead it is important to know 
the mi nim um current values under given fault condi¬ 
tions. In deriving the curves, it was assumed that * 
the system could be replaced by a single equivalent 
generator. If the initial currents supplied to the 
fault by the several machines are not in proportion to 
their ratings, then the division of the sus tain ed cur¬ 
rents will not be proportional to the initial cur¬ 
rent division. Furthermore, the total current will 
actually be considerably smaller. For example, if a 
large part of the initial short-circuit current is sup¬ 
plied by a machine’ the rating of which is a small 
fraction of the total kva., the curve may give a sus¬ 
tained value that is more than 100 per cent too high. 
It has been assumed also that the system is fully 
loaded, so that if the decrement curves are used in the 
case of a system which is only partially loaded, it is 
evident that the sustained current ’will be less than 
the values given by the curves. Further it has been 
assumed that all of the generated e.m.f.’s are in phase. 
Departures under operating conditions from this as¬ 
sumption result in smaller values of current. 

When voltage regulators are used there will be a 
tendency to increase the current over that given by 
the decrement curves. For the first 0.2 sec. the fault 
current will ordinarily be unaffected but the sus¬ 
tained current may be increased in proportion to the 
ratio of the maximum exciter voltage to the nominal 
exciter voltage corresponding to rated voltage and 
kva. at 80 per cent power factor. For ordinary ex¬ 
citation systems, L i?., where quick response systems 
are not used, the sustained currents may be increased 
as much as 50 per cent by the action of the voltage 
regulators. : 

In general, for systems with characteristics radi¬ 
cally different from the assumptions upon which the 
standard curves are based it may be necessary to use 
more accurate methods of calculation. ( Editor's 
note Steps toward the refinement of such methods 


327 



w 

have b een taken and are presented in references 2 
and 3.) 

* Examples 

* • 

The following tyro numerical examples illustrate 
the manner in which the standard decrement curves 
axe used. For the first illustration let it be assumed 
that the system voltage is 66 kv. and the follow ing 1 
data have beeq obtained either analytically or by use 
of a calculating boai^d: 

• 

Total connected synchronous capacity = 5,500 kva. 

Initial r.m.s. alternating component, 

“ 480 ™< 55 - 0 “ 1 -) 

Sh -^' circ ^ it • • = 570 amperes (65,000 kva.) 

(The short-circuit kva. for a line-to-ground fault is equal to a/T 
times the product of fault current and system voltage.) 

The system reactance is then 

5,500 
55,000 

The three-phase short-circuit current at 0.3 sec. is 
desired. Referring to Fig. 2 and following along the 
10 per cent reactance curve to 0.3 sec. time it is found 
that at this time the short-circuit current or kva is 

5.6 times normal. Thus the short circuit kva 'at* 
0.3 sec. is 

5.6 X 5,500 = 30,800 kva. 

Since the shdrt circuit occurred on a 66-kv. line, the 
corresponding short-circuit current is 


X .100 == 10 per cent 


30,800 

66 X VT " 269 amperes 

If the equivalent open-circuit time constant of the 
system is 3.0 sec. instead of 5.0 sec. then the time to 
be used with the curves corresponding to 0.3 sec. is in 
accordance with the formula given below, Fig. 1. 

0.3 X = 0.5 sec. 

For this value of time a value of 4.3 times normal is 
read from the curve, and the three-phase short-circuit 
leva, at 0.3 sec. becomes 

4.3 X 5,500 = 23,600 kva. 

For a line-to-line short circuit the reactance to be 
use 5 T^h the curves is twice the system reactance 
used to find the three-phase short-circuit kva. It is 

10 per cent X 2 = 20 per cent 


This reactance at 0.5 sec. on the curve of Fig. 2 n » 
gives 3.3 times normal, which when multiplied by * **’000 = 29,600 kva, 
VJ i$ 5-72 times normal The magnitude of the line- 
to-line short circuit at 0.3 sec. is then 


^ or ?' 5 se( ** t° 2/2 times normal which 
multiplied by 3 gives 6.6 times normal as the line-to- 
ground short-circuit kva. at 0.3 sec., i. e 

6.6 X 5,500 = 36,300 kva. 

r 

Since this fault occurred on a 66-kv. line the line-to- 
line grdund short-circuit current at 0.3 sec. is 

36,300 

66X a73 = . 317 

As a second illustration, a system having only 
water-wheel generators without amortisseur wind¬ 
ings wdl be considered. The system has a total syn¬ 
chronous capacity of 8,000 kva., a transient reactance 
ol 38 per cent, of which 15 per cent is external, and an 
open-circuit tune constant of 5 sec. The three- 
phase short-circuit currents at 0.1 and 2.0 sec. are 
desired. 

The curves of Fig. 2 give the decrement after 0.2 
sec. quite accurately if the proper transient reactance 
is used to select the curve. Referring to Fig. 3 the 
subtransient reactance corresponding to a machine 
transient reactance of 23 per cent is 15 per cent. 
Th^ system equivalent subtransient reactance is 

15 per cent + 15 per cent = 30 per cent 

Using the 30 per cent curve of Fig. 2, the times 
normal value at 2.0 sec. is found to be 1.9. Thus the 
three phase short circuit is 

1.9 X 8,000 = 15,200 kva. 

The more accurate method is necessary ini determin¬ 
es the short-circuit current at 0.1 sec. By refer¬ 
ring to Table I it is found that the subtransient re¬ 
actance of a waterwheel generator without an amor¬ 
tisseur is about 85 per cent of its transient reactance, 
bo this equivalent waterwheel generator machine has 
a subtransient reactanc'e of 

23 X 0.85 = 19.6 per cent 

Adding to this the external reactance, the system sub¬ 
transient reactance which determines the initial 
short-circuit current is obtained: 

19.6 -f- 15 = 34.6 per cent 

• .? y A terpolation between the curves of Fig. 2, the 
initial three phase short circuit is found to be 4.8 

times normal. From the curve sketched in connect- 
mg this value to the 30 per cent curve at 0.2 sec. it is 
round that the three-phase short-circuit kva. at 0.1 
sec. is 3.7 times normal. It is 


5.72 X 5,500 = 31,500 kva. 

frl^ Hn r t0 ^ 0Und ^ort-circuit reactance is found 
irom the formula on the curve sheet as 

3 X 65,000 _ 

“55,000 X 10 " 35 * 5 P® cent 

The line-to-ground short-circuit kva. is found by 


The short-circuit currents may be found as in the 
preceding problem. 
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A-C. Supervisory 
Control System 


A supervisory control system operating 
entirely on alternating current and possess¬ 
ing great reliability is described in this 
article. With a suitable switchboard ar¬ 
rangement, the operator is said to be able 
to visualize switching conditions at a 
glance/ the system has the further advan¬ 
tage of employing only equipment with 
which operators are familiar. 


By 

Q.THMAR K. MARTI 

MEMBER A.I.E.E. 


Allls-Chalmers Mfg. Co., 
Milwaukee, Wij. 


D 

f . . l^ECAUSE of the rapid extension 

of eiectnc power systems and the progress of elec¬ 
trification of railroads, the control engineer has 
been called upon to provide solutions to increasingly 
intricate control problems. Coordination between 
those operations led to their concentration into the 
bands of a single operator or dispatcher, and the 
adoption of automatic and of remotely controlled 
substations. In order to be able to control equip¬ 
ment located at appreciable distances it was neces¬ 
sary to reduce to a minimum the number of wires 
required for transmitting a large number of different 
signals; this led to the adoption of different designs 
of supervisory control. At the time of the adoption 
of those systems it was felt that only a d-c. system 
operating from a battery would be sufficiently 
reliable, as a system directly supplied by the power 
lrnes to be controlled would be affected by <&stur- 


" An A ' C- Su P erv *sory Control System” (No. 31-91) presented at 
the A.I.E.E. summer convention, Asheville, N. C., June 22-26, lim. 
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bances in these lines, at times when supervision most 
urgently is required. 

Operating on alternating current the system de¬ 
scribed in this article thus is something of an in¬ 
novation. Different means may be used for insur¬ 
ing a dependable a-c. supply: The supply can be 
obtained m any of the interconnected stations, and 
may consist of a small motor-generator set, supplied 
from the station battery. This may be dispensed 
lyith, however, if the house supply of a generating 
station can be made available, as this supply is not 
affected by any disturbances to the high voltage 
lines feeding the controlled substations. * Another 
alternative is to. obtain voltage from the power lines 
at the controlling station and at ea<*h controlled 
substation if these latter are fed from the same power 
system. In this case the supervisory system will 
be dead only if the power fails simultaneously at all 
feeding points. In either case disturbances in the 
low voltage side of the controlled substations will'not 
affect the supervisory system. 

In networks with many internal connections it 
may be felt that the presence of normal voltage on 
the substation bus may be depended on at all times, 
so that each station can be supphed independently 
of each other, thereby eliminating the necessity of 
running two supply line wires between stations; 
a smgle return wire then can be used instead. In 
some cases an additional degree of safety pan be 
obtained if a supervisory control system of this kind 
is supplied from one high voltage network while 
controlling another independent network. Each 
individual case will indicate the best current supply 
to be used. 

Great reliability has been the attribute most sought 
in the development of this control system. It 
employs equipment of a sturdy type used in the past 
in relay applications; such apparatus is little 
subject to disturbance by even severe in ductive 
interference, and further it can be protected from 
disturbances by the insertion of insulating trans¬ 
formersinto the lines. The system is of the syn¬ 
chronous selector type, each station comprising one 
selector, started from its rest position when an opera- 
tion is to be performed, and returned to this position 
after the operation has been completed. In Fig 1 
is shown diagrammatically the connections of a con¬ 
trollmg station I and a controlled station II con¬ 
nected by five line wires. Equipment sufficient 
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Each selector arm ,thus r carf leave a step only if 
this step also has been reached by the other selector 
arm; motion of the selectors is obtained inde¬ 
pendently until they both again reach the following 
step. If one of the selectors should fail to operate 
while between two steps, the other selector would 
be unable to proceed; means are provided also for 
stopping the selectors if either one should jam on a 
step or fail to return to its rest position. In normal 
operation the two selector arms proceed over the 


Fig. 1. ' Simplified diagram of a-c. supervisory system 

only for illustrating the principle of operation of the 
selectors and the control of a circuit beaker is in¬ 
cluded in this diagram*. 

Selectors have been built with as many as 67 
operating positions. These selectors are driven by a 
motor of remarkable simplicity and reliability, and 
one which has proved its worth in many years of 
service, in central station and substation relays, 
(See Fig. 2.) It has been found that an operating 
time of from l / z to l /% sec, per step permits satis¬ 
factory operation of all the relays. 

Referring to the simplified circuit of Fig. 1, the 
controlling station is assumed to be provided with 
an a-c. source supplying auxiliary busbars A and B 
and, over supply line wires, a set of similar auxiliary 
busbars, in the controlled station. Each station 
possesses also a starting bus D and a stopping bus E 
for controlling the operation of the selectors. If 
the selector arms are assumed to be in the rest posi¬ 
tion, as shown in Fig. 1, and'it is desired to close 
circuit breaker 17, control switch 16 of the circuit 
breaker is moved to the “close” position. This 
control switch is provided with several contacts, 
one of which connects starting bus D to busbar A 
thereby energizing starting relay 2. Until the start¬ 
ing relay is energized, the synchronizing line wire is 
connected to busbar A in both stations I and II 
and therefore is without current. When the start- 
mg relay 2 operates, it connects one end of the 
syndironizing line to busbar B; the synchronizing 
fine tiius recmves current, energizing selector relays 
I and 1 . The latter connect to the busbars the 
selector motors SI and M', which start to rotate. 

1 ms rotation is transmitted to contacts 19 and 19' 
which first connect the motors directly to the busbars' 
fx> contacts 20 and 20' which open the synchronizing 
line, and through the two-tooth pinions to the 
.elector arms which move to the first step. When 
this step is reached, contacts 20 and 20' first reclose 
tne ^nchronizing line, and contacts 19 and 19' 
iben disconnect the motors from the busbars. Start¬ 
ing relay 2 still being closed, another current impulse 
is _ sent oyer the synchronizing line, reenergizing 
selector relays 1 and 1' before contacts 19 and 19' 
thereby initiating another one step motion 
o the selector arms through the same sequence of 
^iterations. ■ 



/ 


1. Permanent magnet 

2 . Armature 

3. Auxiliary contacts 

4. Pinion 

5. Selector gear 

6 . Selector arm 





Fig. 2. Selector motor and driving mechanism 


successive steps without stopping until both reach 
the step assigned for the control of circuit breaker 17. 

u °a brushes of selector II then connects 
busbar A through the control switch to the stopping 
.> stopping relay 8 then is energized and opens 
the circuit , of starting relay 2, which reconnects the 
synchronizing line to busbar A as when the system 
was a^ rest. Selector relays 1 and V therefore are 
deenergized and the selector arms remain at stand¬ 
still. Another brush of selector II then sends the 
control impulse over the control line wire and over 
selector 12 to the control circuit of the circuit breaker, 
causing it to close; the circuit breaker auxiliary con¬ 
tacts then send an indicating signal back over the 
indicating line wire. 

.• WJien. the circuit breaker trips automatically, 
it energizes starting relay 2' which sets the two 
selectors in motion, in the same m ann er as when 
starting relay 2 is energized. The two selectors are 
stopped by means of stopping relay 8' the return 
indication then being transmitted over the indicating 
line wire. The operator must acknowledge the trip- 
ping by moving the breaker control switch to the 
open, position, and suitable relays prevent the 
initiation of a control operation or even the comple- 
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tion of an operation* initiate^ before 'the tripping 
until such acknowledgment is made. Thus when 
the operator wishes to perform a control operation, 
he is assured positively that while that operation is 
bemg completed, the equipment which this operation 
does not affect will still be in the condition shown by 
the indications on his switchboard. At the, same 
tmie, this condition can be the result only of opera¬ 
tions either initiated or acknowledged by himself by 
means of his. control switches. In this,manner the 
danger of the operator becoming confused and per- 
tornung undesired operations is reduced to a mini¬ 
mum. 

After an operation is completed, the selectors are 
returned by suitable relays to their rest positions. 
In addition to the foregoing provisions, proper 
control of a circuit breaker requires means for 
preventing automatic reclosing after tripping and 
consequent ‘‘pumping”; to take care of this, auto- 
matic tripping is indicated to the operator by blink- 
mg.of the control lamp and by the ringing of a bell. 



Fig. 3. Rear view of partially assembled luminous 

switchboard 


Analogous circuits can be provided for other 
control and supervision operations such as the 
reading of meter indications, automatic position 
indication of manually operated disconnecting 
switches, alarm indications to warn of excessive 
temperatures, or other disturbances in the substation. 
The system can be modified easily to meet local 
^ lons ’ ail d a single selector in the contro lling 
station can be used for controlling several selectors 
mfoutlying stations. 

Control switches, selectors, control lamps/ and the 
various relays, can be mounted in different ways on 
switchboards or control desks. A suggested disr 
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position applicable both to manual and to super- 
visory control which enables the operator to visualize 
at aU ™ es “ ie condition of the system which he is 
controllings is described as follows: The control 
switches are installed on a switch desk in front oS 
the switchboard the handles of the switches forming 
part of a set of dummy buses so' that the positions 
of all circuit breakers can be visualized. The switch¬ 
board is built from sheets of glass covered by an 
opaque paint leaving transparencies which form a 
diagram of the buses and lines duplicating the 
dummy set of buses on the switch desk. Indicating 
lamps are disposed behind the switchboard so as to 
show m prbper colors the positions of the circuit 
breakers. Additional indicating lamps indicate 
whether or not the buses and lines are, energized, 
for which purpose they are controlled by suitable 
relays connected to the circuit breaker controlling 
circuits. Additional transparencies provided in the 
lines can be used for indicating the readings of am¬ 
meters, voltmeters, or other instruments. I$ach of 
these transparencies discloses a meter box having a 
ground glass front graduated so as to provide a 
scale on which the readings are given by the shadow 
of the movmg element of one or of several instru¬ 
ments. In this manner each meter is so located 
that it is immediately apparent to which circuit the 
reading refers. (See Figs. 3 and 4.) 

This method of enabling the operator to visualize 
at a glance the condition of the network and the 
changes occurring therein, the position of the switch¬ 
ing equipment, and the location of meter reading, 
greatly facilitates the supervisory operatio ns and 
reduces the chances of performing wrong operations. 
In addition, the equipment is of a type with which 
the operators and maintenance crews are familiar, 
so that no special training is required for the per- 
sonnel These two advantages together with the 
flexibility and reliability of the equipment should 
make this system of particular interest to operating 
engineers. 



Fig. 4. Front view of a section of luminous switch¬ 
board with three feeder ammeters and bus voltmeter 
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A New Carrier 
'• Telephone Cable 


Three carrier telephone circuits and*one • 
telegraph circuit are provided by this 
newest cable linking the United States 
with Cuba. The design is such that still 
more carrier channels may be provided , 
when the need for them arises. 


r _ 

most interest is the .unusually low receiving levels 
at which operation is carried on successfully. (See 
Fig. 1.) Of importance also is the fact that the new 
cable is operated over a far wider frequency range 
than are the older cables. Whereas the old cables 
are operated only up to 3,800 cycles per sec., the 
ne^ST cable at present is being operated at frequencies 
as high as 28,000 cycles per sec., and can operate 

at still higher frequencies. 

• « 

Paragutta Insulation Used 

Paragutta insulation is the feature of the new 
cable which has enabled such great improvement to 
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, ^COMMUNICATION has advanced 

m many respects during the past decade. In carrier 
current communication over submarine cables this 
advance has been such that three telephone circuits 
are provided over the new Key West-Havana cable 
whfere each of the three earlier cables, installed ten 
years ago, provide only one. Furthermore, the new 
cable is but little larger than: the three previously 
installed. (‘Key West-Havana Submarine Tele- 
phone Cable System,” A.I.E.E. Trans., v. 41, 1922, 
p. 1 19.) This latest cable was placed in service in 
January 1931, and like the three cables just men¬ 
ded is owned by the Cuban-American Telephone 
and Telegraph Company, an organization controlled 
jointly by the American Telephone and Telegraph 
Company and the Cuban Telephone Company, and 
providing telephone facilities between the United. 
States and Cuba. 

jew. cable, which has been designated the 
1930 cable is the longest deep sea telephone cable 
in existence; also it is unique in being the longest 
telephone cable circuit without intermediate re¬ 
peaters and without inductive loading. It is about 
3.7 nautical miles (1 nautical mile = 6 087 ft) 
longer than the longest of the 1921 cables. The 
esign of the cable is such as to satisfy economically 
the need for more circuits by an adaptation of 
sWard earner apparatus. The design was made 
sufficiently liberal, however, so that certain further 
development work would make it possible to obtain 
over the same cable still more facilities when these 
are required. 

a transmission standpoint, the feature of 

* ** ew ** West-Havana Carrier Telephone Cable,” presented at 

nter convention, New York, N. Y„ Jan. 25-29,1932. " 



Fig. 1. Relative transmission levels in 1930 Key West- 
Havana submarine telephone circuit 

Energy level at the toll switchboard on the left is taken as zero 

* 

Table I—Comparative Properties of Gutta-Percha and 
Paragutta Insulations 

. . Ratio of 

Dielectric Leakance to 
Constant Capacitance 

Gutta-percha (telegraph cable).•. / 3~3 4 040 

Gutta-percha as used in 1921 Key West-Havana Cables! .'Vl .-I 

Gutta-percha as used in Tenerife-Gran Canaria and 

__ Algeciras-Ceuta Telephone Cables*.•. . ..2 02 q ria 

Paragutta (Key West-Hava na 1930 Cable)..!!!.! . .... .2.67....... 229 

Measurements made at 22 kc. per sec. under sea bottom conditions. 
*Elecirical Communication, v. 9, 1931, p. 217. 

be attained. This material developed at the Bell 
Telephone Laboratories is composed of deproteinized 
rubber, deresinated balata, and wax. It has been 
described in detail by A. R. Kemp (“Paragutta, A 
New Insulating Material for Submarine Cables,” 
Ji. of the Franklin Inst., v. 211, Jan. 1931, p. 37). 
Heretofore submarine cables having waterproof 
insulation have almost invariably been insulated 
with gutta-percha or balata, or a mixture of these 
substances; an exception to this is the Ca talina 
Island cables which are insulated with a special 
rubber mixture (“Carrier Current Communication on 
Submarine Cables,” H. W. Hitchcock, A.I.E.E. 
Trans., v. 45,1926, p. 923-9). Paragutta has better 
electrical properties than any of these Materials. 

As shown by Table I, paragutta possesses a smaller 
dielectric constant and a smaller leakance than 
. * • . . ' 
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gutta-percha. (The"term legkance hs used here 
includes aU energy losses in the dielectric.) This 
property penmts a considerable reduction in the 
size of a cable for a given attenuation. The de- 
crease in size due tt> the use of paragutta varies of 
course with the size of the cable, but J£ne idea of its 
amount may be obtained from the fact that a gable 
msuiated with gutta-percha of the sort used in the 

f 1 * 8 woul< * weigh 45 per cent more and cost 
about 65 per cent more than the’new gable." 

Use of this new material in the manufacture of a 
cable gave rise to numerous problems, one of which 
namely that of jointing the paragutta, deserves 
particular mention. In this connection a new tech¬ 
nique of jointing was developed which not only 
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Fig. 2. Profile of route of 1930 cable; a fathom is 
equal to 6 ft. 


“'TYPE D 
DEEP SEA 



-JUTE- 

■COPPER RETURN TAPE 
WEIGHT 843 LBS. PER MM. 

COPPER PROTECTIVE TAPE 
OVERLAPPED 

PARAGUTTA 


TYPE B 
INTERMEDIATE 


-22 STEEL WIRES COVERED 
WITH FABRIC TAPE 


WEIGHT 877 LBS. PER MM 
COPPER WIRE 
SURROUNDEb BY COPPER TAPES 
TOTAL WEIGHT SOS LBS. PER MM. 



H inDhEs 


TYPE A 
SHORE END 


18 IRON WIRE3- 


TYPE A 
SHORE END ' 
CORE LEAD COVERED 



Fig. 3. 


-COPPER WIRE - 

SURROUNDED BY COPPER TAPES 
total weight SOS lbs per mm. 

■PARAGUTTA- 

WEIGHT 877 LBS PER NM 

■COPPER PROTECTIVE TAPE 
OVERLAPPED 

■COPPER RETURN TAPE 
WEIGHT 84S LBS PER NM. 

-JUTE 

LEAD SHEATH 


NOTE*-THE WEIGHTS GIVEN ARE IN POUNDS PER 
■NAUTICAL MILE=U53 LAND MILES. 



. ®? ce P* t * lat ft * s n °t loaded, the new cable is 
sundar m.type to the 1921 cables. It is provided 

"ft” 1 t?Pes (-'Transmission Character- 
f 7 ^ ,i ' h | Su 5! nari T ne CabIe >” Carson and Gilbert, 
aL — F [?? klm In - sL - v - 192; 1921, p. 705) and 
a^o with a thm copper tape under the return tapes 

9 ag T St f anne or ganftms. The by, 

™ ^, pes was mad , e much longer 

in the' ,Q a o, ent 1 -™’. 476 > J an - 29 - 1929) than 
Serfriti a 921 tables. This brought about a sub- • 
ntial decrease m the effective resistance off the 
tapes themselves and reduced the eddy current 
lbsses winch are due to the helical nature of the return 
^P es .;. Ttuckness of the insulation is much greater 

n a ^ h + h a i ent n N0 ' 343 - 093 '” M ay 7, 193lfcom- 
® d . the dla “ eter of the central conductor 
an is the case with low frequency cables, either 
telephone or telegraph. 

In all matters of mechanical design, accepted cable 
practise was followed. A discussion of some of the 

f Jf atures of cable design as well as some 
account of the general submarine cable problem has 

Si^aSdr^ ref6rred t0 ta 4116 &st P^- 

71 ? f * he “ w s table is 108.6 nautical miles 

tin? 5 M S jj tU x 6 was manufactured by 

the Norddeutsche Seekabelwerke-A.G. of Norden- * 

™?, G ^f an 7> a nd laid by its cable steamer “Nep- 
tun. The maximum depth attained is 1080 
fathoms (6,480 ft.) as may be seen from Fig. 2. Cross- 
sections of the various types of cable used at different 
depths are shown in Fig. 3. 

• At ^^frequencies the effect of the armor .wire 
is negligible from the standpoints of magnetic modu¬ 
lation and attenuation. Attenuation of the cable 
(see Fig. 4) is characteristic of a non-loaded cable in 
m ^ as es / a Pidly at low frequencies but less 
rapidly at high frequencies whereas in general the 
reverse is true of the loaded cable. Against elec- 
ti-ical interference but little shielding is needed 
beyond that furnished naturally by the sea water* 
the small additional shielding required is furnished 
by a wrought non pipe enclosing , the cable between 
the cable hut and the level of the lowest tides. 


id 

o 


Cross-sections of cables used at various 
depths (see Fig. 2) 


UJ 

H* 


produces good joints in paragutta-insulated cable, 
but also produces better joints in gutta-percha- 
insulated cable than can be made by the conventional 
process which has been in general use since the latter 
, were first manufactured. 
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FREQUENCY IN KC. 


Fig. 4. Frequency-attenuation characteristics of 
1921 and 1930 cables 
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Carrier System 

As noted previously, the three present telephone 
channels are obtained by an adaptation of carrier 
aj)p<^ratus ordinarily used for long distance trans¬ 
mission over open-wire lines (“Carrier Systems on 
tong Telephone Lines/' Affel, Demarest, 

and Green, A.I.E.B. Trans., v. 47,1928, p. 1360-86). 
special additional equipment consisting chiefly of 
receiving amplifiers and directional filters was 



TELEFRAPH CHANNELS 


CABLE 3 


NEW 
CABLE 4 


imli 


i 


ARROWS INDICATE DIRECTION OF TRANSMISSION 
t HAVANA TO KEY WEST 
* KEY WEST fO HAVANA 


1 


c 


38 3a 40 


0 2 • • 1° 12 N 16 IS. 20 22 24 26 38 30 32 34 

FREQUENCY - KILOCYCLES 

Fig. 5. Frequency allocation of communication 
channels in Key West-Havana cables 


added to care for the greater gain and selectivity 
needed to operate over the higher attenuation. 

The sijf frequency bands (one for each direction 
mr the three channels) are allocated as shown in 
Fig. 5; a d-c. telegraph channel also is indicated. 
This chart likewise shows the frequency allocation 
of the one telephone and four telegraph channels 
(three earner and one-d-c.) now carried over 
of the three older cables. It may be noted that the 
frequency band width of the new telephone channels 
is much greater than that of the old ones, thus 
furnishing higher quality speech transmission. In 
addition, a large range of frequencies remains 


r 

unused on the new ©able; tins range may be de¬ 
veloped when additional message telephone, broad¬ 
casting, or telegraph facilities are needed. 

Carrier apparatus is installed in existing tele¬ 
phone offices at r Key West and Havana. In each 
case the office is somewhat over one mile from the 
cable • but .at. the water’s edge. The submarine 
cable circuit is connected to the apparatus in the 
offices through pajrs of wire in an underground cable 
of the paper-insulated lead-covered type, which 
carries, also the circuits of the older cables. In 
Fig. 6 is shown schematically the connections of the 
apparatus at the Havana end of the cable. The 
arrangements are practically identical at the two 
terminals except for differences incident to the fact 
that different frequency bands are transmitted in 
the opposite directions. 

Some Transmission Problems 

, Satisfactory transmission over high cable attenua- 
tion invoives several especially critical points. First ' 
of all, the transmitting amplifier must amplify to 
the high levels required without modulating suffi- 
ciently to produce troublesome new frequencies fall¬ 
ing within its own group of frequency bands. New 
frequencies produced by the amplifier which fall 
outside of this group are suppressed by directional 
filters and cause no trouble. 

Additional possible sources of modulation are 
the directional filters and impedance matching 
transformers; these must transmit the high levels 
coming from the amplifier but must not modulate 
them sufficiently to produce troublesome new fre- 
quencies falling within the oppositely directed group 
of bands. The latter £.re at an exceedingly low 
level and so the modulation in these circuit elements 
must be kept extremely small. Some ordinary 
resistances, mica condensers, and other apparatus, 


Fig. 6. Schematic 
diagram of carrier 
system used on the 
Havana end of the 
1930 cable. Ap¬ 
paratus used on the 
Key West end is 
similar except of 
course it is designed 
fo r dif f erent 
freq^ 








have been found to have enough modulation to be 
serious. In this respect ordinary iron core trans¬ 
formers are ikely to be extremely troublesome; 
special design is required to reduce the 

to tolerable limits. * * 

Noise Prevention ' 

At the cable ends the important Iproblc^n naturally 
• S /°. kee P the low level receiving circuit free from 
interference. In taking the necessary precautions 
along these lines, many sources of noise were investi- 
gated and remedial measures provided. These 
included cross-talk from other carrier telephone or 


telegraph systems, high frequency oscillations set 
up by d-c. telegraph apparatus in the vicinity, 
radio stations, power wires, submarine telegraph 
cables, ancLmany minor sources. * 

Of particular interest was the ease where the 
Commercial Cable Company’s submarine telegraph 
circuits from Havana to New York, a communica¬ 
tion facility of low inherent frequency range, inter- 
lejred with the earner channels having frequencies 
up to 28 kc. This interference was found to origi¬ 
nate by induction in the underground cable at 
Havana through which both circuits passed. In 
tins case, by the generous cooperation of the Com¬ 
mercial Cable Company, frequency Muting equip¬ 
ment was added to its cable transmitter. F 


Electrical Units and 
Their Application 

Progress and improvement in any art or 
science are not made without provision for 
suitable measurements. Many advances in 
the field of electrical units and their 
measurements have been scored within the 
past forty or fifty years. Developments in 
electrical measurements have been satis¬ 
factory in that they have kept slightly 
ahead of practical demands. 


tamable are satisfactory. Workers in the field of 
primary reference standards, however, must be able 
to make determinations from 10 to 100 times more 
precise than those demanded in practise, so that the 
practical art has something to grow up to. Never¬ 
theless, unusual practical requirements sometimes 
arise suddenly that can be met only with precision 
far greater than any previously employed* It is in - 
tins region of high precision that the national 
laboratories and some independent workers find a 
highly useful field; and in this class of work the U.S. 
Bureau of Standards ranks second to none. 

For the fundamental units of length, mass, and 
time, perhaps the most familiar is the so-called 
e.g.s. system. In this system the centimeter is falrpn 
as the umt of length, the gram as the unit of mass, 
and the second as the unit of time. These units 
have been quite generally accepted for many years, 
and are likely to endure for some time to come. 


By 

L. T. ROBINSON* 

FELLOW A.I.E.E. 


General Elec. Co., 
Schenectady, N. y. 
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. £ ^fhECTRICAT UNITS are based 
upon or definitely related to units of length, mass, and 
time. In an ordinary sense the latter are not 
electrical, but because so much depends upon them 
it is of interest to know how definite and permanent 
they are; also how precisely they may be determined 
by reference to existing standards. Of interest also 
is the accuracy with which copies of the fundamental 
may .be made, and the degree of precision 
obtainable in producing for practical use multiples 
° r submultiples of the fundamental unit chosen. 

For ordinary work, accuracy of standard and pre¬ 
cision of comparison considerably below the best ob- 

a P t w"w lecWcal Units Their Application" (No. 31-120) presented 

* ££%<£oH!m »* ViAshe ^ k ’ ^ G,, June 22-26.1931. 
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Fundamental C.G.S. Units 

Mass .standards are permanent and can be com¬ 
pared with a precision of one, or at least a very few 
parts in 100,000,000; standards of length are about 
the same. These therefore He definitely in the 10 _8 
class. (A precision of from 1 to a possible 9 parts 
in 100,000,000 will be called 10 ~ 8 , and so on down to 
10 -2 .) Time, one of the fundamental elements 
m many things, hardly can be regarded as in the 
same class as length and mass. A minimum de¬ 
parture of about 0.001 sec. per day from a uniform 
rate is required in order that a clock may be included 
in the 10-* class. This is better than has been 
attained over an extended period of time. The 
present status of time measurements places it in the 
10 " 7 class; in fact it even has a tendency to slip into 
the 10~ 6 class. 

Roughly 500 years ago the first instruments that 
really could be called clocks were brought out and 
were quite definitely in the 10“'* class, although 
probably the lower end of this band; in 300 years 
clocks were brought into the 10“« class; and in about 
150 years more, into the 10 ~ 7 class. During the 
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last few years the clocks of Shortt and of Schuler, each 
different from the other, have given unmis- 

# taxable signs of being able to qualify for the 10 ~ 8 
class. This shows remarkable progress*, for twice 
witlyn about the last 40 years the error in time¬ 
keepers has been, divided by 10. 

This brief consideration of time is not really a 
digression, for within the last few years the demand 
tor accurate measurement of time on vfhich fre¬ 
quency or wave-length measurements are based came 
almost too soon. This is a definite example of the 
precision desired in practical measurements coming 
too *close for, comfort to the precision maintainable 
in primary reference standards. • 

time measurement situation, however, is not 
without its brighter side. The crystal oscillator, 
which m a certain way caused the trouble by re¬ 
quiring accurate adjustment and timing, has been 
found to be itself a most reliable timing device.- 
First checked with clocks, it now bids fair to turn 
about and dhter the higher timekeeping class itself. 
Comparisons between crystal oscillators now can be 
placed m the 10 ~ 8 class, and timing of crystals in the 

This brief discussion is of interest because it indi- 
cates the present status of units and measurements 
of the three fundamental standards. The conclusion 

• 1? .^y are i 11 a fairly satisfactory position with 

time far in the rear, but rapidly advancing to a posi¬ 
tion of equality with length and. mass. Therefore 

these units form an excellent basis upon which a 
system of electrical units may be built. Difficulties 
are experienced, however, in the steps necessary to 
realize electrical standards from standards of length 
mass, and time; no doubt improvements in methods 
and procedure will be made in time so that the 
precision assignable to the three fundamental units 
may be realized more nearly in the electrical units 
used for fundamental reference. 


The value of the ohjn may be certain to five sig¬ 
nificant figures (10- 4 ) but can hardly be said to be 
known dependably to six figures (10~ 5 ). However 
work is being done constantly to better this situation! 
In general, copies and comparisons of resistances 
may be made to a precision of about 10~ G with a 
permanence of primary reference standards of about 
the same order. 

On the basis of the foregoing, „ the ohm may be 
considered J:o be in a fairly satisfactory state of 
determination, but more certainty as to its absolute 
value is desirable (at least to a precision of 10- 6 ) 
Gratifying progress in this direction has been made, 
hooking bstck to the first ohm established by the 
British Association committee, this unit was about 
1.5 per cent smaller than the present ohm. It has 
taken nearly 50 years to eliminate the greater part 
of this error, although most of the change was made 
m one important step. Precision and permanence 
of the ohm have just about kept out of the way of 
progress in the practical field. 

.. The volt had a rather bad start; in the early days 
it was derived primarily from the ampere and the 
ohm. With much time and care, galvanometers 
were constructed depending for their accuracy upon 
measurements of length, and upon the strength of 
the earth s magnetic field. Here again the unit 
was tied up with a property of the earth as is the 
present umt with time; unfortunately, however 
amperes cannot be transmitted by telegraphic signal 
or radio, and although the earth’s magnetic field 
ls capable of precise determination, the ampere or 
multiple of it when realized could not very tfrell be 
earned home and used. Instruments then were 
made which did not involve a permanent magnet 
and which did not depend upon the earth’s magnetic 
neld. borne of these electrodynamometers were 

always dependable or precise 
within the required limits. 


Eeectricae Units 

Of primary interest in the field of electrical units 
are the ohm, Hie volt, and the ampere, or the absolute 
units of which these are derived multiples. As mav 
be seen later a wide gap exists between the precision 
assignable to length, mass, and even time, and that 
assignable to the absolute values of the practical 

V° for very good reasons: 

Fundamental length and mass standards are in a 
sense arbitrary; this does not give concern because 
when once established such standards remain per¬ 
manent within satisfactory limits. In considering 
electrical units, however, their relation to length 
mass, and tune must be known; also electrical unite 
must not be arbitrary if agreement with mechanical 
and other unite denved from length, mass, and time 
maintained. Electrical standards therefore 
must be kept from change and at the same time must 
5® ^ught mto a definite and predetermined relation 

% fund ^ me ? tal umts c so that conversion factors 
may be as simple as possible. 

The ohm now is defined as the resistance at 0 deg. 

rmirfLl ft V* mercury approximately 106.30 
cm. in height and having a cross-section of 1 sq. cm. 


Weston Cede an Important Advance 

r 

No competitor of the galvanometer or electro¬ 
dynamometer appeared until the advent of the Clark 
cell, although certain voltaic cells had been known 
for some time. The Clark cell could be reproduced 
m various localities with considerable precision. 
Howeyer, this cell had a marked temperature error 
and also was fraught with other difficulties which 
prevented its general use. The situation regarding 
foe volt was improved enormously, however, when 
Edward Weston introduced his Standard cell. It 
was this cell which, in one form or another, now is 
used, together with copies of the ohm or multiples 
of either or both, as the basic standard of most 
electrical measurements. The present status of the 
vo t is such that it is practically in the same class as 
the ohm, that is the 10~ 4 class; as a result the ampere 
m terms of these two standards may lie perhaps in 
e same class. This refers to absolute values only; 
comparisons probably are possible to a precision of 
about 10 “ 8 . 

. standard cells and carefully compared re¬ 
sistances, a class of instruments has been developed 
for the determination or realization of ohms, volts, 
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amperes, and watts.' These commonly are known 
as bndges and potentiometers and are capable of 
giving multiples of the units over a wide range with 
a precision well up into the 10"* class. These 
mstrumente are convenient to use and are .perma- 
nent and reliable; they are employed primarily for the 
calibration of portable and working instruments. 
For these purposes, however, the precision of which 
they are capable is unnecessarily high. Still another 
class of instruments is represented by the detection 
potentiometer, which falls perhaps in the'middle 
part of the 10 class as regards precision. 

. T “ese instruments may be used both as reference 
standards and for direct observations. As a result, 
for continuous currents it is possible at any time to 
secure definite and accurate measurements which in 
most cases excel the practical requirements in this 
respect. 

A-C. Measurements 

Many measurements must be made where alter¬ 
nating current is the medium; here, in special cases, 
me instrument commonly used employs some sort 
of a reflecting device for observing the indications 
of the moving part. As regards precision these 
instruments may be placed on the borderline be¬ 
tween the 10 3 and 10 ~ 4 class, but they do not fill 
the requirements of this class with complete success. 

. Considering the instruments available for the 
intermediate class of work (between 10~ fi and 10 ~ 8 ) 
of which so much must be done, time and patience 
airdy arc taxed to obtain the required results. 

. s tyP e of work, instruments similar to the 
deflection potentiometer which would be con- 
vemently usable on alternating current, would be 
extremely helpful. Another factor which must .be 
considered in this regard is the step from d-c. to a-c 
measurements which rests upon the assumption 
nat tor the same r.m.s. values, a given instrument 
will give the same indication on alternating current 
as it does on direct current. This step does not 
m all cases rest upon a perfectly secure basis. 


and watts, usually it is not possible to employ 
resistances so precisely comparable with reference 
standards. In this field it has become customary to 
employ instrument transformers. These trans- 

raS^i ar t ^ pa f* le ° f q uite precise Work, and yrhen 
carefuUy checked and properly us$d, may be placed 

n the lower part of, the 10 “ 4 class. Instrument 
transformers serve the purpose also of protecting the 
°^5* rom c °ntact with the circuit voltage. 

Within comparatively recent years,the electrical 
measurement art has required expansion into the 
high frequency field and also into the field of very low ■ 
power-factor measurements; here new,requirenrents 
axe met mvdlymg many curious effects which must be 
guarded against. The recording of wave fronts 
expressed in microseconds, together with a great 
variety of problems connected with sound and 
communication systems using wires and with the 
radio art, have been met for the most part with a 
fair degree of satisfaction. This general grout) 
cannot be referred to in detail; a tremendous range 
of voltage, current, power, and frequency must be 
covered from comparatively small values up to 
millions of volts, thousands of amperes, and millions 
of cycles per second. 

* 

Other Developments 


Use oe Portable A-C. Instruments 

• ^ 11 us * n £ portable direct-reading instruments or 
instruments of the intermediate class on a-c. circuits 
or systems, it is difficult sometimes to realize the 
precision of which the instruments are capable. 
1 Jus is because of slow pulsations in the supply 
source and because all moving systems have not the 
Same time of swing. In addition, a-c. measurements 
of necessity mvolve work on rotating machinery and 
tins fact introduces more problems. Some success 
has been attained by recording photographically or 
by other means the positions of the posters of a 
group of instruments, but this is not always satis¬ 
factory ; it is usually best to record enough readings 
to overcome the effects of fluctuations. Although 
in a well equipped laboratory matters can be im¬ 
proved greatiy by using refined regulators on the 
supply lines, this fills but a small part of the general 

XI • 

In dealing with large values of a-c. amperes, volts, 

* 
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Great increases in sensitivity and decreases in the 
amount of power required to make ipeasurements 
have been made possible by the use of vacuum 
tubes; hence a large expansion in this field may be 
looked for. Permanence, and reliability if they 
could be increased would enhance the usefulness of 
these methods. 

Capacitors or condensers are very useful devices 
or, when charged with a voltage which can be 
determined very precisely from standard cells and 
suitable multiplying arrangements, they are able to 
give out a definite quantity of electricity. However 
condensers are not permanent and reliable to the 
same extent as resistors and standard cells, and 
improvements along this line would be desirable, 
.ror example, in magnetic measurements it would be 
much simpler to work from a reference standard con¬ 
denser than to use mutual inductances determined 
by some of the well-known methods of comparison, 
or by direct reference to length standards. 

Materials for resistance standards have been im- 
proved greatly and at present there appears to be but 
httle need for further improvement. Accuracy with 
which comparisons can be made is perhaps ten times 
greater than the precision or permanence of re¬ 
sistance units assembled in practical apparatus 
without taking undue precautions; such precautions 
need not be taken if the temperature effects were less 
than they are now. 

. J ncres i? ed development of instruments in the 
intermediate class (10 4 ) is hoped for; devices are 
needed which will stand in the a-c. field (at normal 
?' n d d possible at high frequencies and at low power 
factor) m the same place that the deflection potenti- 
ometer, resistances, and standard cells occupv with 
respect to d-c. applications. 

Among practical workers but little advance bas 
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b©en nmde 8-long the line of combining End weighing 
of results, and in the application of well-known and 
simple probability relations. It is possible to do 
much along this line; a few simple relations would 
cover most cases and would be of enormous ad¬ 
vantage. Experience can develop an intuitive sense 
in this .regard and if the results obtained with a 
number of determinations are made use of, and 
sufficient care taken to control the conditions under 
which the observations are made, it is surprising 
what can be done.with comparatively crude appa¬ 
ratus. 

Summary 

• 

r It is not intended that the conclusion to be drawn 
from this brief review is that conditions regarding 
electrical units are unsatisfactory. Of course the 
point of view might be taken that satisfactory 
progress has^not been made in the last 50 years and 
that the best reference standards are not at all in the 
same class with available standards of length, mass, 
and time. Ordinary portable electrical instruments 
seem crude in comparison with portable and every 


day instruments for determining mass, length, and 
tune; but the situation should not be regarded at all 
m this hght. length, mass, and time standards 
have had at least ten times as long a period of 
development as l*ave electrical standards. 

The one fundamental unit that has advanced the 
most is time; this advance has been about 100 fold in 
the past 40 years. Electrical reference standards 
and the precision pf comparison with such standards 
have been advanced in relation to the fundamental 
units, by about the same amount in the same 
length of time. In the portable instrument field 
and m indicatmg instruments generally, errors have 
been divided by about 10 within the same period. 
Therefore, the situation may be reviewed with some 
degree of satisfaction. Progress in the field of 
electrical units has equaled by.comparison the rate 
of progress m other branches, but there is still much 
o be done and much to be learned by occasional 
excursions into other lines a little outside of the 
electrical field. Most important of all, the interest * 
m going forward assuredly is undiminished, and 
during the next few years further and important 
advances will be made. 


The Unit of 
Electrical Resistance 


The mercury ohm, long recognized as a 
standard of resistance, with its elaborate 
technique and many disadvantages has be¬ 
come obsolescent. The reasons for this, 
together with a brief historical sketch of 
the ohm, are presented in this article. 


reproducibility. The technique of absolute measure- 
ments undoubtedly can be improved; but even if no 
the Present parity (as to reproducibility) 
with the mercury ohm were maintained, the latter, 
always a necessary evil, has no further reason for 
existence. Recognizing. these facts the advisory 
committee on electricity of the International Com- 
nuttee of Weights and Measures, at its 1930 meeting 
held m Paris, adopted the following resolution: 

,. t0 t ^ le . uni t of resistance, the ohnr, considering that 
absolute ohm are sufficiently advanced 

taoSSvXSSSJSSE.JfcWSW-t <* «« coils 
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r ^ SPITE OF the vast amount of high 

Class technical labor which has been expended Upon 
tiie .mercury ohm it seems physically impossible to 
push its limit of reproducibility beyond that attained 
ye ff S a ? 0 ’ a few parts in 100,000. 

tf* ^ and ' ^5 tech pq ue °f absolute mea- 
>urements has improved continuously, until now it is 

it least on a par with the mercury ohm as regards 

History and Impending 

*. C., Jude 22-26,1931. 4 d * the ' A -t.RB- Sttmmer convention, Asheville, 


. _- - uz me measurements, it is not necesaarv 

StS r S^ further com “ of aassss 

In order to bring out the full significance of this 
seemingly radical proposal and the sound reasons for 
tne ultimate abandonment of the mercury ohm as a 
legalized material standard, a brief historical review 
of the ohm may be of interest. 

Early Wire Standards 

After the announcement by Ohm in 1827 of his 
famous law, electrical workers began to feel the 
need, for a unit of electrical resistance. As a result 


.uauolijk uj. speemea iengtns 
of certain kinds of metallic wire. All of these early 
proposais, however, were faulty; simple metals were 
difficuitbo obtain in sufficient purity, and their 
resistivity was affected by internal stresses and by the 
degree of annealing. In addition the alloy wires 
advocated by some were not of definite or exactly 
reproducible compositidn. ; J 

■ v '• *. *• * y. ' • ■ 
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Use of mercury as -an ideal metal for an electrical 
resistance standard seems to* have been suggested 
first by Marie-Davy, but in 1860 Werner Semens 
made the first practical proposal concerning it 
namely, that the unit of resistance should be “the 
resistance at 0 deg. cent, of a prisnl of mercury 1 m. 
lohg and 1 sq.mm, in cross-section.” He demon¬ 
strated that he could reproduce a unit of resistance 
by means of mercury in glass tubes with an error of 
less than 5 parts in 10,000. The unit he proposed 
came into use under, the name Siemens Einheit 
(Siemens unit) denoted in the older literature by the 
abbreviation S.E. 3 

In 1861 at the suggestion of Sir William Thomson 
(later Lord Kelvin) the British Association for 
the Advancement of Science appointed a committee 
on standards of electrical resistance. This “B.A.” 
committee as it was known, recognized the necessity 
tor material standards of resistance, but also de- 
sired that such standards refer ultimately to an 
absolute basis; such a material standard when once 
established was to be regarded as a prototype 
standard and never to be changed even though 
succeeding absolute measurements might show it to 
be appreciably in error. As the absolute basis upon 
which. to establish the proposed standard, the 
committee finally adopted the centime ter-gr am - 
second, or ordinary c.g.s. system. 

B.A. Unit Established 

? embers of the RA * committee in 1863 and 
absolute measurements of resistance at 
King s College, by rotating a short-circuited coil of 
copper wire about a vertical diameter and with a 
measured velocity, observing the resulting deflection 
ot a magnetic needle at the center of the coil. From 
the known angular velocity, the deflection of the 
magnet, and the linear measurements of the coil, the 
resistance of the coil was computed in absolute units. 
Upon the basis of this work; the committee con¬ 
structed standard coils of platinum-silver wire and 
began to issue copies of the “B.A. Unit.” The com¬ 
mittee was dissolved in 1870, but in 1878 the in¬ 
stigations of Rowland at Baltimore showed that 
the B.A. unit was more than 1 per cent smaller than 
the value (10 9 c.g.s. electromagnetic units) which the 
committee had intended to give it. This result was 

s00n afterward b y other investigators’ and in 
1880 the B.A. committee was reappointed. 

In the meantime several mercury standards of 
resistance had been set up in accordance with the 
proposal of Werner Siemens. From the standpoint 
of that time, agreement between these standards 
was satisfactory and the results of absolute deter¬ 
minations consequently had been referred directly 
or indirectly to the Siemens Unit. ’ 


previous definition, namely, 10 9 c.g.s. electromag-, 
netic units; that it be represented by a column of 
mercury 1 S q. mm. in cross-section, at a temperature 
ol 0 deg. cent. ; and that an international commission « 

determination,.by new experi- 
ments, of th£ length of the mercury column to have a 
resistance of 10 9 c.g.s. electromagnetic units. At 
its second meeting, held at Paris in 1884, this 
commission known as the International Conference 

i°J rLE eten ^ atl °n of the Electrical Units, 
adopted 106 cm. as the length of the mercury column, 
m spite of the fact that the best absolute determina- • 
ons indicated 106.3 cm. to be more nearly correct. 
This compromise with the facts was nffide because it 
was considered advisable for a provisional value to be 
correct to the last figure given. The unit of re¬ 
sistance so defined was given the misleading name 
Legal ohm , but although it was used to some extent it 
was never legalized. 

B.A. committee mentioned previously con¬ 
tinued its work during the, next succeeding few 
years, adopting the legal ohm in its standardizing 
work with a supplementary statement of the value of 
the legal ohm in B.A. units. In 1892, however, this 
committee discontinued issuing standards in terms of 
the legal ohm in fayor of the ohm defined as a re¬ 
sistance of a column of mercury 106.3 cm. long. 

"L™.. meantmie committee had experienced 

difficulties from variations in the relative? values of ' 
its wire standards. These difficulties effectually 
negatived the committee’s original pl3n for a wire 
standard never to be altered, and established the 
fact that some independent and reliable method for 
checking the constancy of the wire standards was 
required. 

•% • 

Mercury Ohm Adopted Internationally 


Early, Attempts to Legalize the Mercury Ohm 

In 1881 an International Congress of Electricians 
metat Pans for the purpose of establishing definitions 
of the electrical units in a form suitable for enact- 
ment into legislation. This congress adopted a 
resolution proposing: that -'the ohm preserve its 
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Another important development came about 
during the Chicago Exposition of 1893, when an 
international electrical congress met with repre¬ 
sentatives of ten governments in attendance. This 
congress adopted resolutions defining eight electrical 
units, and to distinguish them from their prede¬ 
cessors these, units were called international uni ts. 
The international ohm was defined as being based 
upon 10® c.g.s. units of resistance, and as repre¬ 
sented by the resistance offered to an unvarying 
electric current by a column of mercury 14.4521 g. in 
mass at the temperature of melting ice, having a length 
of 106.3 cm. and a constant cross-sectional area. 

Because of certain defects and inconsistencies in 
the. resolutions of the Chicago congress, the six 
national governments which afterward legislated on 
the matter defined the electrical units in different 
ways. One of the outstanding defects of the 
Chicago .resolutions was that the ohm, ampere* and 
volt, which are physically related by Ohm’s law, all 
were defined in terms of material standards. 

The next international congress on electrical units 
and standards was held in 1908 at London, with 
delegates from 21 countries. At this meeting 
resolutions were adopted which for the first time 
Clearly differentiated between the fundamental (ab¬ 
solute) electrical units, and a system of units repre- 
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senting the fundamental units, and sufficiently 
near them for practical use and to serve as a basis for 
legislation. Recommendations made by this con¬ 
ference, however , did not affect the value of the ohm: 
hence the international unit of resistance remained as 
denned at the Chicago exposition congress of 1893, 
and has not been altered since, that time. * 

Time and^ patience required in making mercury 
ohm determinations are so great, however* that in 
spite of its legal standing, only a relatively small 
number of outstanding determinations have been 
• made during the past thirty years. The elaborate 
technique of cleaning, calibrating, and cutting off the 
tubes, measuring their length, determining the mass 
ot contained mercury, and of comparing the re¬ 
sistances of the tubes with existing wire standards, 
is too laborious and involved to be outlined here. 
To be worth doing at all, this technique must be 
earned out by scientific men of great manipulative 
ability, with the observance of extreme precautions 
against errors in various parts of the measurement. 

Advantages and Disadvantages of Mercury Ohm 

Principal advantages of the mercury-ohm stand¬ 
ard are as follows: The conducting material is free, 
from internal molecular stresses and is purifiable to a 
» degree. Because it can be reproduced from 
specifications, the mercury-ohm standard serves to 
re «* d of resistance of any given period 

within a few parts in 100,000 for future reference. 
The standard is simple in construction, but for many 
years its numerous drawbacks have caused it to be 
.muck neglected, even in countries which have 
legalized it. 

Disadvantages of the*mercury-ohm standard are: 
The conducting materiai has a high temperature 
coefficient of resistance, which in conjunction with 
the high thermal resistivity of glass makes it difficult 
to measure the temperature of the mercury with 
sufficient exactness and limits the allowable test 
current through the mercury column to a small 
value. It is known now that mercury is not a 
simple substance, but a mixture of isotopes. (This 
is not a serious objection from the practical stand¬ 
point, because the particular mixture of isotopes of 
mercury found in nature seems to be very closely the 
same everywhere.) The mercury is liable to divht 
contamination from the metal electrodes immersed 
in it. Glass tubes cannot be made straight and of 
uniform bore, and the error arising from waviness of 
the bore, though of known sign, is of indeterminable 
magnitude. Terminal bulbs which are necessary to 
mahe connection to the ends of the mercury column 
mtroduce an uncertainty because as yet no method 

fou ^ for definitely calculating the terminal 
resistance with sufficient accuracy; this makes it 
necessaiy to adopt an empirically chosen size of end 
bulb. The wires which lead the current into the 
terminal bulbs must be small so as to minimize 
the conduction of heat to the mercury ; 

v ° >f relatively ^ resistance, which is a 
methods of effecting electrical 

It may be of interest to summarize some of the 


other major reasons for the original adoption of the 
mercury ohm and its present obsolescence. The 
mercury ohm originally was proposed at a time when 
electrical workers were isolated. Existing means of 
communication were slow and ifhperfect, and hence 
each worker felt the need of preparing his own 
standards. Although the underlying absolute elec- 
tncal units were recognized from the beginning of 
^ j ® c 9 mm hf’ s work, the crudities of apparatus 
and technique of absolute measurements resulted in 
such a scattering of values obtained, as to constitute 
an imperative reason for a physical standard of 
resistance reproducible from specifications. 

. .e situation has altered greatly since the be- 
§^mmg of the present century. The day of the 
isolated worker, setting up his own standards, has 
passed, and now great national standardizing labo¬ 
ratories not only establish standards with an 
accuracy beyond the resources of most individual 
workers, but have a legal status which gives the 
stamp of authority to their certified values. By 
the exchange of standards, these national laboratories 
keep in touch with one another, thus securing a 
measure of international unifor mi ty, 

Absolute Measurements 


^ is beyond the scope of this article to give more 
than the briefest reference to absolute measure¬ 
ments. The spinning coil of the B.A. committee 
already has been mentioned. The Lorenz apparatus 

18 dynamo in which a non-magnetic 

metafile disk is rotated within the magnetic filld of 

two solenoids wound on non-magnetic cores and 
traversed by a steady direct current from an ex- 
ternal source. The apparatus thus constitutes 

Tc w? 0i A h °?^? 0l - ar f eherator hi which an e.m.f. 
is induced radially m the rotating disk. At a certain 

speedytins induced e.m.f. will just balance 
the IK drop between the potential terminals of a 
lour-terminal resistance standard through which' 
passes the steady current circulating in the solenoids. 
From the accurately determined speed of rotation, 
ana trom mechanical measurements of the di¬ 
mensions of the disk and of the field coils, the 
resistance of the standard between its potential 
terminals can be calculated in terms of the e.g.s. 
absolute electromagnetic unit. The most outstand- 

p^^.- apP f^ tUS . built thus to is that at the 
British National Physical Laboratory. 

An absolute apparatus, simpler in some respects, 
TT«v Se ? If the German Reichsanstalt and at the 
United States Bureau of Standards. It employs 
smgle-layer solenoids wound upon accurately ma¬ 
chined cylindrical forms of non-magnetic material 
such ,s marble. In terms of the fundamental units, 

•+t, S ^f~ 1 ? duc ^ ance SUQ h a coil can be computed 
with high accuracy Trom measurements of its di¬ 
mensions. ^ The self-inductance also can be measured 
m terms of the international ohm and the second of 

5S e n ? eans of a ." c ‘ met hods, using currents of 
which the frequency is known accurately. From the 
two results may be derived the ratio of the inter¬ 
national henry to the absolute henry (10 9 e.g.s. 

umts of inductance). It may be shown that this 

# •- * 
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ratio, which, is 1.00052 plus or minus a few units in 
the last place, is also the ratio of the international 
ohm to the absolute ohm. Results obtained by 
this a-c. method are in close agreement with those 
obtained with the Lorenz apparatus. 

<% 

Legalized Standards Needed 

% i 

It would be premature to attempt to set even an 
approximate date for the establishment of the 
absolute electrical units on a legalized basis, but there 
are urgent reasons for reaching this goal as soon as 
possible. Rapid development of electrical tech¬ 
nology in recent years has imposed new and exacting 
demands for accuracy of measurement and per¬ 
manency of standards. Nowhere is t.Tifq demand 
more impressive than in some phases of the radio 


’ • • * 

art where for example frequency measurements are 
earned out and standards of frequency have been 
developed to an accuracy so great (a few parts in ten 
million) as. to threaten to expose the failings of even 
the most highly developed timekeepers used in 
observatories. The world-wide sweep of radio nlakes 
international uniformity of frequency standards an 
imperative necessity. * 

• Electrical standards of various kinds, embodying 
errors known to exist in the present units, are being 
made and distributed more widely than ever. 
This is an added incentive toward legalization of . 
absolute units, for the longer such action is, de¬ 
ferred, the tnore costly and troublesome will be the 
necessary readjustment of the standards used in 
engineering and science when such leg aliza tion 
ultimately is accomplished. 


International Standard 
of Electromotive Force 


Although unremitting care must be exer¬ 
cised in their manufacture and handling, 
cadmium cells have proved to be conve¬ 
nient and reliable sources of standard 
e.m.f. Principal characteristics of these 
units and precautions to be observed in 
their use are pointed out in this article. 


By 

MARION EPPLEY 

MEMBER A.I.E.E. 


Eppley Research Lab., 
Newport, R. I. 


T 

. , ■he) INTERNATIONAL VOLT is 

denned in terms of the mercury ohm and the silver 
voltameter. This combination, in addition to being 
unsuitable for routine work, requires that an un¬ 
changing potential drop be maintained across the 
standard ohm which in turn demands that a source 
or constant e.m.f. be available to maintain a constant 
current through the voltameter. Such a source of 
constant e.m.f. when so used undergoes calibration 
and thus may become useful as a standard of e.m.f. 
without combination with the voltameter and the 
ohm. If such sources are to serve as primary 
standards, for convenience they should be re¬ 
producible. 


Sased upon ‘International Standard of Electromotive Force and Its Low-Tem¬ 
perature- Coefficient Form" (Wo. 31-121) presented at the A.I.E.B. summer 
convention, Asheville, N. C., June 22-26.1931. summer 
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In practise, galvanic cells provide serviceable 
standard sources of e.m.f., and are known as standard 
cells when they fulfil the necessary requirements. 
Two general types of construction are to be had, 
namely, the portable form in which the constituents 
arc kept in place by a plug or septum »of porous • 
material, and the non-portable type without a 
septum, gravity holding the constituents in place. 
Generally the container is a glass vessel made of 
tubing in the form of an H. 

In addition to this purely physical distinction 
S ^ an< ^ ar< ^ cells, there is a more fundamental 
difference between normal -or saturated cells • and 
unsaturated cells. The normal cell contains an 
excess of the salt of the electrolyte, and it is re¬ 
producible at all temperatures within its range. 
The unsaturated cell has an electrolyte saturated at 
some temperature below the customary range 
of room temperatures. Therefore, due to diffi¬ 
culties of technique, the unsaturated cell is not 
reproducible.- However, it is constant in e.m.f. 
and has a lower temperature coefficient than does the 
normal cell. Temperature coefficient of the un¬ 
saturated cell can be taken as less than —0.00001 
volt per deg. cent.; hence, though the normal or 
saturated cell makes the best primary standard, the 
best laboratory standard is the unsaturated cell 
calibrated against the normal cell, the latter in turn 
having a value based upon the ohm and the volt¬ 
ameter. 

Weston Introduced Cadmium Cedd in 1893 

Although several different standard cell systems 
have been introduced, all except one now are of 
historic interest only. The specific system in general 
use today is that proposed by Dr. Edward Weston; 
its unsaturated form was patented by him in 1893, 
and consists of mercury-mercurous sulphate-aqueous 
solution of cadmium sulphate-ca dmium amalg am 
In, his honor, the two types of this cell are known, 
respectively, as the normal Weston cell or the 
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saturated Weston cell, and as the unsaturated Wes¬ 
ton cell or simply the Weston cell. These cells are 
known also as the cadmium cells, the terms cadmium 
cell and Weston cell being synonymous as. applied to 
the composition of the system, but the latter re¬ 
quiring no further qualification to denote that it 
specifies an unsaturated element. 

( Materials used in cells require careful chemical 
treatment. Mercurous sulphate is particularly sensi¬ 
tive, but when mixed with finely divided mercury can 
be prepared b fy electrolysis; this is the best prepara- 
• tion found so far. Cadmium sulphate would seem 
to require more rigorous purification than it has 
received at the hands of many investigators in the 
past, more especially to eliminate salts of manga¬ 
nese. Mercury must be redistilled after washing in 
acid, an 4 only -die purest cadmium must be used. 

Use op Standard Cedes 

Since current should not be drawn from standard 
cells when making comparisons against such units, 
only a null-point or compensation method should 
^used; some form of potentiometer provides this. 

f Simple Direct-Reading Potentiometer for Stand¬ 
ard Cell Comparisons,” Eppley & Gray, Jl. Opt. t 
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Fig. 1. Relative values 
of the volt in six countries 


>lt in six countries . s 

By Vinal, Trant. Am. Electrochemical Soc., 64,861 (1928) Fig. l 
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Fig, 2. Voltage recovery of an unsaturated cad- 
mium cell after 30-min. short circuit 


Curve 1—voltage vs. hours for first day 
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t r 0C - 1922.'No. 8 , p. 859-64, and "An 

re Improved Fuessher Type Potentiometer,” Enolev & 
m Gray Rev Set. Inst., v. 2, 1931, No. 4, p. 242-9.) 
to Usually the entire e.m.f. of the cell used as standard 
e- is compared against the entire e.m.f. of the cell being 
it checked; in this method the potential drop in the 
potentiometer acts as a transfer-standard. This 
. £ 0 P “a* be kept constant, so that it is well to lag 

k the storage cell (which furnishes the potentiometer 
,n c Jpeiit) with hea't-insulating material to prevent 
i- changes in room temperature from causing fluctua- 
n bons in the measuring current, pr potential drop. 
LS F ± or pest results, accumulators should be kept on a 
f stojd above the. floor in order to avoid drafts. 

With this precaution, and by shifting from s tanda rd 
n to unknown several times with readjustment of the 
L ^easurmg current if necessary and the attainment 
of a new balance with the unknown, results can 
be obtained with a potentiometer of proper design 
that will be reproducible from day to day within 6 
I microvolts. Furthermore, this method has the 
5 convenience of being direct-reading, 
i One disadvantage of the method just described, 

' fjough perhaps more theoretical than real, is 
^y the standard and the unknown are not com- 
'• P a ^ e d at the same instant. For measurements 
beyond criticism, therefore, it is best to oppose the 
unknown and the standard, reading the difference 
in e.m.f. on a potentiometer or by some other suitable 
means. This reduces to a minimum the effect of 
fluctuations in the measuring current, and main*? use 
of only one or two dials of the potentiometer with a 
corresponding reduction in the number of correc¬ 
tions to be applied. This method is not direct- 
reading, however, and the sign of the residual must 
be watched carefully. Whatever method be used, 
the measuring current must be made such that 
it wfil have come to a steady state. Careful atten¬ 
tion should be given al§o to shielding the installation 
against stray leakage currents. 

Voi/tage oE the Weston Cede 

hooking forward to its ultimate use as the inter- 
narional standard of e.m.f. in place of the Clark 
imo j Eondon International Electrical Congress in 
1908 adopted specifications for the Weston normal 
cell provisionally fixing its e.m.f. at 1.0184 inter¬ 
national volts at 20 deg. cent. On January 1 , 1911, 
however, after much experimentation by the Inter¬ 
national Technical . Committee (composed of dele- 
from the national standardizing laboratories 
of Great Britain, France, Germany, and the United 
States) the e.m.f. of the normal ca dmium cell was 
a r3? e r by the Bureau of Standards as 1.01830 volts 
at 20.deg. cent, for the United States. During the 
intervall924 to 1928, the reference cell at the Bureau 
of Standards has agreed to within 8 microvolts with 
the mean of the primary reference group (a group of 
36 cells left at the Bureau by delegates of the Inter¬ 
national Technical Committee). The value of e.m.f. 
at the Bureau of Standards is about 3 microvolts 
higher than the mean of the values of the cells 
maintained in France, Japan, England, the United 
States, Germany, and the U.S.S.R. (See Fig. 1 .) 
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rili cadmium cells* show a temperature hysteresis 
oi e.m.f.; although this can Be made very small, it 
stih eiusts. Hence cells should not be subjected to 
sudden changes of temperature. Cooling from 30 

rw-io^ Cen ^* hi* 70 min. caused a divergence of 
0.02 per cent in one group and 0.027 per cent in two 
groups of cells, respectively, the basic value being 
the mean of the e.m.f.’s obtained before the’cells 
were run through a temperature cycle from 15 to 
50 deg. cent, and back to 25 deg.'•cent, as above 
Unsaturated or Weston cells show a drop in 
e.m.f. of about 0.003 per cent per annum, so that for 
an accuracy of 0.01 per cent they should be re¬ 
certified at least once every two years. This drop 
is explained best by the diffusion of mercurous ions 
to the amalgam face where it is discharged, mercury 
depositing out and cadmium going.into solution; 
this increases the cadmium concentration of the 
electrolyte with a resultant drop in e.m.f. When the 
concentration of the normal or saturated cell is 
reached, the e.m.f. should remain constant at 
1.01830 volts at 20 deg. cent., but an increase in the 
temperature coefficient will have been brought about. 
Some cells drop in e.m.f. more rapidly than 0.003 
per cent per annum, and do not come to a constant 
€.m.f. when the value of the saturated cell is reached; 
this is due to the systems not having been set up 
properly. Such cells usually show marked hysteresis 
•effects when subjected to temperature changes, and 
should be discarded accordingly. 

Care and Handling or Cedes 

Cells should not be short-circuited as this is 
likely to upset permanently the original equilibrium 
of the electrolyte. In a special test three cells 
short-circuited for ten minutes required seven hours 
to return to within 0.02 per cent of their original 
values. (See Fig. 2.) Furthermore, it is best 
never to draw more than '0.0001 ampere from a 
cell even if the circuit is closed momentarily only. 

Cells should not be exposed to heat even as much 
as that radiating from an electric light bulb. Such 
heating, when greater on one side of a cell than on 
the other, has given rise in unmounted cells to 
variations of from 0.01 per cent to 0.02 per cent, 
even though the lamp was rated at only 25 watts 
and was 15 in. away from one leg of cells. (The 
exposure was for five minutes only.) * Similar 
effects have been observed in cells mounted in 
molded cases. Drafts as well as heating due to 
handling also should be avoided. 

Shaking seems to have no effect upon properly 
made portable cells, provided it is neither too 
vigorous nor too long. However, after a cell has 
been shipped, it is better, as a safety measure, to let 
it stand for two or three days at least before blacing 
reliance upon it. 

If an accuracy of at least 0.02 per cent is wished, 
cells should not be used at temperatures below 15 
deg. cent,, although even freezing in some cases has 
seemed to have had no permanently injurious effect. 
Recovery from cooling, say to about 12 deg. cent.; 
is rapid requiring only an hour or so at the most to 
restore the proper e.m.f. r •• •. 
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This brief discussion may have raised doubts as 
to the reliability of the cadmium cell as a standard of 
e.m.f. It is true that the cell is by no mpanp fool¬ 
proof, but few precision devices are. Ceaseless • 
care must be given to its manufacture, and a 
thorough knowledge of its chemistry gained murder 
to insure’the maximum of constancy and agreement. 
Nevertheless, there dre few if any other electrical 
measurements in which so high a precision (0.01 per 
cent) can be secured with so few precautions as in 
the determination of e.m.f. by means’of a standard 
cell and some form of potentiometer. 


Recent Developments 
in Magnetic Units 


To overcome confusion in the use of 
electromagnetic units, the International 
Electrotechnical Commission through its 
subcommittee on electric and magnetic 
magnitudes and units has been working 
for several years toward standardization in 
definition and nomenclature. In this ar¬ 
ticle, recent actions in that direction are 
discussed and 'a brief summary of earlier 
contingent actions is given. 


By 

A. E. KENNELLV 

FELLOW A.I.EE 


Harvard University 
Cambridge, Mass. 


■Examination of the te chni cal 
literature of the magnetic circuit during the past 30 
years shows much ambiguity and misunderstanding 
among writers in all parts of the world, as to the defi¬ 
nition and meaning of the magnitudes of units in gen¬ 
eral use. In particular, the name “gauss” has been 
used by some writers for the c.g.s. unit of magnetizing 
force H, by others for the c.g.s. unit of magnetic flux 
density B, and by still others for both H and ^indis¬ 
criminately. Moreover, the important and much 
used quantity permeability ju, admittedly defined as 
the ratio B/H, has been regarded by some as having 
physical dimensions, and by others as having zero di¬ 
mensions or as being a mere numeric. This confusion 

Prepared, especially for Electrical Engineering and based in part upon the 
minutes of the London 1931 meeting of the International Electrotechnical Com¬ 
mission held September 18,1931. Not published in pamphlet form. 




of definitions apparently has pervaded the literature Table I—C. G. S. Magnetic Units' AdooWU* O I • 
of all countries. It gives rise to much mktiruW , k V l c ynits Adopted at Oslo in 

standing and peiplexity in the study of either bLic or 1930 and Reendorsed at Lond on in 1 931 

* applied magnetism. These differences of thought - 

and expression are found in text-books both of phvsics _—__ 7011,01 Name 

^ engineerin ?- Xt » thfe confusion Magnetomotive force/. "t -- 

brought about in eTectrotechnical literature that is the Magnetizing force.!!;; hi. [ .‘iJJS 

main source of complaint. * .. *•••••...'.WSSL 

From a practical standpoint, the underlying phi- . - 

losophy of the electromagnetic field is of lesserW- Soffitfho^fb S0,Betimes areused ' 
portance than the arithmetical meaning of the formu- recommeaded - 

“rfd” had been used in America for the 
volved, even though it may bTacMtte“ 4e“e ? butbad not b ^ adopted 

rest upon mere conventions. This brief and unoffi-* ™ Uy * i 1 a Zt S t ?J nsfecped to tbe unit of H, 
cial account of efforts to arriveTt suchT^ment °I ** Danisb committee, parity 

may be of service to readers of electrotechnical jour- not tn ^ °^ ted S i discovery of 1820 related to H and 
nals who may not have been fully informed of what *° ^ lcate that “gauss” was con- 

the International Electrotechnical^ ^ H ’ a * ter havin S been a ^d 

ready has been able to accomplish in this direction * 0 ^ b ^ a ? s . eof ^ e ?f ac c e P te d difference of ^dimensions. 
It is hoped also that the article may beTvalue ev^i *}\ ***??«• the ^M-M.U. sub- 
to those who may read the official minutes, but wS P ractical unit of 

are not fully acquainted with the subject’s history. witft£ n^e 

Summary op Earlier Actions " pra ” “ a PP Ucable to deriving prac- 

w Magnetic Uiwoeogy ‘“"t ******&>* e.g.s. units. Other 

- fetibns .taken concerned reactive power and power 

;^V n a ‘-" C - arcu - it ?- Tbese have not been sub¬ 
jected to serious cnticism since the Stockholm meet- 

flu* 4 inth^practicaTor SXfgZZ*? b f? * do S$? d ' at ^“e 

umts. After discussion, this was referred for conoid- f nr +t, r r^n°^ S coun tnes. They all are duly set 
eration and report to a special subcommittee of seven lish texts) E ' C ‘ document RM - 77 (French and Eng- 

coi^tt^^S subcomndttoe ^ JO fl w-V to rca^ the actions mentioned were reported and 

stodi6d en bv b aU r “° mme “ ded . that the questions be in Oslo on J^lyTmO ** LE ' C- Pkmiy meeting 
studied by all the national committees and be * 

brought up for discussion at the next plenary meetinv 

of the I.E.C., set for 1930 in' ScandSa Sf ® Occurring Brtwrrn 1930 and 1931 
Magnetic Circuit Units,” A. E. Kennellv AIFTf a +• . i . 

Frans., v. 49, 1930, p. 486-93.) ’ * ' ' ' ***** m 1930 at Oslo regarding magnetic 

Accordingly, the subcommittee on units *? of dj scussion in electro- 

convened at the 1930 meeting in Scandinavia' tS techmcal journals throughout the world, and particu- 

membership was increased to include twelve coun- CriHriml^ pages . of Generate del’Electricity . 

tries, and its name was changed to Section B of I E r £,/ asr ? centered mainly about two points: That the 
Advisory Committee No. 1 (nomStee) on Elec should not have be£i given to units 

trie and Magnetic Magnitudes and Units, hereto S i« should have been reserved for 

referred to as the E.M.M.U. subcommittee ^ e ,g r s y stem >' and that the name 

During June and July 1930 the E.MMU sub dfnritv *° ul , d , not h ave b e e n given to the unit of flux 
committee held several meetings at Stockholm'. Its ^ °f magnetizing force H, in con- 

first action was to agree unanimously on the conven- tories ^ estabhshed usage in magnetic observa- 

force toeSSptoKfo£? oufth^h objection, it has been pointed 

sions; then ratio h (space permeabihtyf is a 1 dimen the d^te a f t i° U S?. up to . and including the year 1893, 
sional quantity and not a mere numeric unit Akn ^ dat a ° f ‘ he Chicago mternational congress, names 
it was agreed unanimously that m/k., the ratio ofthe lih “^ ed . ? xclu sively to practical 

absolute permeability of a magnetic substance to ^ the decisions of the Chicago con- 

space permeability, should be called its relative nee greSS ^ ,a l t magnetic umts should be kept within the 
meability and sho(dd be t^enas a nrn^numS' c :«- s - ^‘em, the names "gauss” and ''maxwelT were 
(See “Magnetic Circuit Units Adopted by IEC ” at the Paris congress in 1900, to 

A E. EenneUy, EtBcmcAt, EngSS^g v SO ^ Therefore, the I.E.C. meeting 

1931, p. 133.) cumbering, y. 50, at Oslo merely foUowed the actions taken at Paris 

_ Aiter disposing of this permeability ouestion the filufl v pomted °ut also that the earth’s magnetic 
E-M.M.U. subcommittee next adopted the name’s for beenrecorded for many years in gauss or 

four e.g.s. magnetic units, either rnmnimousN “ bv a SS L ° / abSS ’ yet this - fieId always is mea- 
large majority. These are given in Table 1 7 ' artuaiivik?'. a f “ b ly magnetizable medium; what 

' actually is determined is a terrestrial flux density £ in 
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t J ie Consequently, althpugh freon a practical 
standpoint the numerical difference between H and B 
in air may be insignificant, yet no error in principle is 
created by speaking of the earth’s field in gammas re¬ 
ferring to B. ' 

. Jjjiew of the differences of opinion elicited by the 
publication of the decisions reached at Oslo, arrange¬ 
ments were made and announced early in 1931 to all 
ooHipnttees, for holding a meeting of the 

fnoT M ' U - subc ommittee at Lofidon in September 
lvol. 


New Committee Established 

» 

In July 1931, the International Union of Pure and 
Applied Physics met at Brussels and for the first time 
established an international committee on “Symbols 
Units, and Nomenclature” (S.U.N.). This commit¬ 
tee elected as its chairman, Sir Richard Glazebrook, 
and as secretary, Dr. E. Griffiths. Since electrotech¬ 
nical units fall within the scope of the S.U.N. commit¬ 
tee, the members of that committee were invited to 
‘r^cncl and participate in the London meeting of the 
E.M.M.U. subcommittee on September 18, 1931 
The chairman and secretary of the S.U.N. committee 
were able to accept and took part in the meeting, as 
also the general secretary of the International Physi¬ 
cal Union, Prof. H. A. Abraham. 

Actions at the London Meeting in 1931 

National co mmi ttees of ten countries were repre¬ 
sented at the opening E.M.M.U. subcommittee meet¬ 
ing m London on September 18,1931; countries repre¬ 
sented were: Denmark, France, Germany, Great 
Britain, Holland, Italy, Norway, Poland, Sweden, 
and U.S.A. Proposals considered and actions taken 
are reviewed briefly in the following paragraphs. 

1. A proposal "that the c.g.s. magnetic units and their accepted 
names as feed at the Oslo plenary meeting should remain undis¬ 
turbed. This proposal was voted unanimously, two countries, 
however, abstaining (Holland and Italy). 

2. A proposal relating to a series of practical magnetic units, 
based upon the volt-second or "pra-” system as adopted at the 
Stockholm meeting, with the ampere-turn as unit of m.m.f. After 
a lengthy discussion, during which considerable difference of opinion 
was revealed, it was unanimously voted to defer action on these prac¬ 
tical units until the national committees should have had further op¬ 
portunity for investigation; however, on the particular question of a 
practical unit of magnetomotive force 3T, and whether a coil of N 
turns, carrying a steady current of 1 amperes, should be taken as 7 « 

“erejy 3f - NI, a vote was called for, on the proposi¬ 
tion that it should be the former. Three countries were in favor of 
the proposal (France, Holland, and Italy) while four voted against it 
(Germany, Great Britain, Sweden, and U.S.A.); two countries (Nor- 
Way 1 al ii Poland ) .^stained from voting. It is evident that there is 
much difference of international opinion over this important questi on . 

3. Conventional interpretation of reactive power in unspecified 
a ~c. right-angled power diagrams. The question considered was 
whether + J vats should be taken as signifying inductively reactive 
power or the reverse when the basis of the diagram is not specified. 

It was voted unanimously that a convention be adopted, but that de¬ 
cision as to direction be deferred until a new and definite American 
recommendation should be presented. Some, difference of opinion 
? i ra . lse A as . whether the particular direction reco m mended 
choi ce *° r induc ^ lve ^^ reactive power) was the more advantageous 

«< 4 * „ Pro] P? sed international adoption of the prefixes "ab” and 
. stat applied to a practical unit, for the designation of a conrespond- 
mg unit in the c.g.s. magnetic or in the c.g.s. electrostatic system, re- 
spectively. These prefixes have been and are in use to some extent 
m America, but never have been adqpted internationally. For lack 
of support to the proposal, no action was taken. 
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At the conclusion of the foregoing considerations it 
was unanimously voted to ask the central I.E.C. office 
to invite the cooperation of the International Physi¬ 
cal Union- to participate in the formation of a joint 
committee to consider the question of the electro¬ 
technical units under discussion. It was the general 
hope that there might be close cooperation in the fu- 
ture between the two organizations on all questions in 
Fhich physics and electrotechnics jointly are in¬ 
volved. 

% ■ 

Results of the London Meeting of 1931 
* » 

" Consequences of the London meeting of the 
E.M.M.U. subcommittee may be of far-reaching inter¬ 
national importance in electrotechnics if they serve as 
apparently they should, to terminate the confusion in 
the use of the c.g.s. magnetic units which has existed 
in the literature of electromagnetic engineering 
throughout the world for at least 30 years. The 
senes of names and definitions for these units adopted 
m 1930 during the plenary meeting at Oslo has been 
discussed openly in many countries for more than a 
year, and these were reendorsed without opposition at 
# the London meeting. It is to be hoped therefore 
that the units as adopted will come into general elec¬ 
trotechnical use. 

There remain at least four c.g.s. magnetic units * 
that as yet have received no names (permeance, per¬ 
meability, reluctance, and reluctivity?; but the. four 
units to which definitions and names have been given 
(see Table I) probably are sufficient for present prac¬ 
tical purposes. These are based upon the convention 
that space permeability is more than a mere number. 
There remain a certain minority of both physicists 
and engineers who disagree with that convention; 
but after so many years of ambiguous reading and 
writing it would be strange indeed if an immediate 
unanimity on this difficult question could be ob¬ 
tained in every country. It can only be hoped that 
a harmonious procedure through international con¬ 
vention will be secured, and this the recent London 
meeting has endorsed. 

From a philosophical point of view, it is curious 
that the London endorsement of the I.E.C. Oslo ac¬ 
tion on magnetic units and their underlying conven¬ 
tion should have been almost coincident with the 
London Faraday celebration of 1931. It is admitted 
generally that Faraday’s researches made magnetic 
flux in space the salient phenomenon in magnetics, 
whereas the magnetic pole or quantity of magnetism 
on a polar surface previously had been the dominating 
concept. It has been suggested that the modem 
change in underlying convention reflected in the 
I.E.C. actions may be attributable to the chaqge in 
views resulting from Faraday’s work. 

As for the series of practical magnetic units intro¬ 
duced by the adoption at Oslo of the pramaxwell, the 
whole question is to be discussed further by the na¬ 
tional committees of the I.E.C. in cooperation, it is 
to be hoped, with the International Physical Union 
before proceeding further in that direction. For the 
present, we may remain well content to work with the 
c.g.s. system. 
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Summer Convention 
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Offers Attractive Program 


OR THE 48th. annual s umm er conven¬ 
tion of the AJ.E.E. to be held at Cleve¬ 
land, Ohio, June 20-24,1932, the Cleveland 
national convention committee has planned 
a program of entertainment, inspection 
trips, and recreation, supplementing the 
excellent technical sessions, all of which 
should cause this convention to be attrac¬ 
tive as a vacation as well as of benefit 
professionally. Convention headquarters 
will be at the Hotel Cleveland, located on 
the Public Square of the city. 

Technical Sessions 

Many papers covering a wide variety of 
interesting subjects in the field of electrical 
engineering will be presented in nine 
technical sessions scheduled during the week 
of the convention. Two of the sessions 
comprise well arranged symposiums, one 
on the combined aspects of reliability and 
economy in the operation of large electric 
systems; the other on conductor vibration. 
The former symposium will represent sys¬ 
tem operating practise in four different 
localities: Philadelphia, Detroit, Boston, 
and Chicago. The latter will present 

valuable data as a result of both laboratory 
and field investigations. 

Besides these symposiums four other 
sessions, namely, electrical machinery, elec- 
trochemistry-electrometallurgy and re¬ 
search, protective devices, and automatic 
stations, will afford much of unusua l 
interest in the fields of design, theory, re¬ 
search, and operation. The session de¬ 
voted to communication should have a 
broad appeal becahse of the general interest 
in the subjects to be presented, and in addi¬ 
tion, there will be interesting demonstra¬ 
tions. Still another session on selected top¬ 
icsyrill offer interesting papers, some of the 
subjects of which have originated in Cleve¬ 
land and its environs. One of these relates 
to the method of wiring buildings as an es¬ 
sential to good illumination. Several others 
pertain to both synchronous motor and in¬ 
duction motor applications and performance. 

For the first time in recent years a session 
will be devoted entirely to education. 
Even interests outside of the specific con¬ 
fines of the Institute are being attracted to 
this session which will start with a paper 
byDr. W. E. Wickenden, president of Case 
School of Applied Science. In order to 
permit all to participate in this session, 
the three parallel meetings which occur in 
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the morning will not begin until the con¬ 
clusion of Doctor Wickenden’s address. 

Entertainment Features 

The opening day will stage the beginning 
of the annual golf tournament at the beauti¬ 
ful Canterbury Club course, and the be¬ 
ginning of the tennis tournament at the 
University Club courts. Qualifying rounds 
for the golf tournament must be played 
Monday. Those not participating in the 
tournament may^lay throughout the week 
at the Canterbury Club, the Mayfield 
Country Club, and other private courses. 

The president’s reception followed by 
dancing will take place Monday evening at 
the Hotel Cleveland. Tentative plans have 
been made for a possible boat trip on 
Tuesday evening. . 

An innovation this year will be the substi¬ 
tution of social afternoon and evening for 
men, women, and children, instead of the 
usual formal banquet. The entertainment 
is to be staged on the beautiful grounds of 
Nela Park, with various field events, 
dinner and dancing included. 

Full details of the generous entertainment 
program and the several novel features 
planned for the convention will be given 
in a program folder being prepared by the 
Cleveland convention committee, and soon 
to be mailed by that committee. 


Ladies’ Entertainment 

For the ladies a visit to the Art Museum 
on University Circle, a drive through the 
residential sections, and an afternoon tea 
at Shaker Tavern are planned for Monday. 
Golf, luncheon, and bridge at the Canter¬ 
bury Club will be available for them on 
Tuesday, and among the trips arranged for 
their entertainment on the following days 
are visits to a model furnished home built 
in the Builders’ Exchange Building, the 
Terminal Tower, a radio broadcasting 
studio and a large modem bakery as well as a 
drive through the beautiful Metropolitan 
Park system of the West Side. 

Inspection Trips 

m 

Inspection trips for all interested include 
the entire route of the recent electrification 
of the Union Terminal, Avon generating 
station, d-c, and a-c. substations, the new 
Ohio Bell Telephone building and exchange 
facilities, strip mills of the Otis Steel 
Company representing latest developments 
in electrification of such mills, and a trip 
to Akron to visit the many interesting 
places in that city. 

In connection with the previously men¬ 
tioned entertainment at Nela Park, in¬ 
spection trips will be conducted during the 
afternoon. On Friday the entire con- 



Canterbury dolf Club near Cleveland, Ohio,, will be the scene of many hard-fought battles 
aurmg the rapidly approaching summer convention of the Institute 
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vention will be conducted on a drive 
through the East Side to observe an 
abundance of attractive features. 

Registration 

There is no registration fee for attendance'' 
at the convention. Each member should 
register in advance by using the post-card 
to be mailed for that purpose, thus assisting 
the necessary advance preparation. Regis¬ 
tration for the various sports also should 
be made on the card. 

In connection with the entertainment 
features of the convention there will be a 
charge of $5 per person, payable upon 
registration. This fee covers all features 
except greens fees, and includes the special 
feature on Thursday which will replace 
the usual formal banquet. 

All hotels noted in the accompanying 
table are within a five-minute walk of 
convention headquarters. Reservations 


papers to be presented at the sessions are 
scheduled for publication in the June 1932, 
issue of Electrical Engineering. 

Monday, June 20 

■% 

9:00 a.m.—Registration y 

10:00 a.m.—Opening Session 

Annual business meeting of the Institute 
Annual report of the board of directors (in 
abstract) 

Report of tellers’ committee on election of officers; 
introduction of and response from president-elect. 

Presentation of prizes for papers 

Lamme Medal presentation <* 

President’s address, by C.'E. Skinner 

2:00 p.m.—Conference of Officers, Delegates, and 
Members 

Inspection trips 

Evening—President’s Reception 



Nela Park,, in Cleveland, where a novel entertainment feature will be staged this year during 
the afternoon and evening of Thursday, June 23 


for hotel accommodations should be made 
by writing directly to the hotel preferred. 

Reduced railroad rates on the certificate 
plan will be available for those attending 
the meeting, and summer tourist fares at a 
lower rate will be in effect from certain 
western states. 

Program •. ' 

All technical sessions and the opening of 
the convention will be held at the Hotel 
Cleveland. All events are scheduled in 
Eastern Standard Time. Abstracts of 


Hotel 


Rooms 


Single 


Doable 


Cleveland 

(headquarters) 1,000 $3.00-$ 8.00 

Hollenden 1,060 3,00- 5.00 

Statler 1,300 3.60- 10.00 

Winton 625 2.50- 4.00 

Allerton 650 1.50- 3.00 

Auditorium 300 2.00- 3.00 

Olmstead 300 2.00- 3.00 


.Q0-$ 8.00 $4,50-$10.00 
.00- 5.00 5.00- 9.00 
.50- 10.00 5.50- 10.00 
.50- 4.00 4.00- 5.50 
50- 3.00 2.50- 4.00 
00-3.00 3.60-5.00 
00- 3.00 4.00- 6,00 


Hotel rates are for rooms with bath, European plan. 
Reservations for accommodations should be made 
by writing directly to the hotel preferred. 
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Tuesday, June 21 

9:30 a.m.—Special Session 

♦Address on Education— W, E. Wickenden, 
president, Case School of Applied Science. 

10:15 a.m.—(A) Education 

_ ♦The Engineering Subjects, Electrical and 
Cognate in the Four-Year College Program 
op Electrical Engineering, A. I-I. Lovell, Uni¬ 
versity of Michigan 

Educational Aspects of Engineering and 
Management, R. B. Doherty, Yale University 

♦’’‘Adult Technical Education in Metro¬ 
politan Areas, O. W. Bshbach, American Tele¬ 
phone & Telegraph Co. 

10:15 a.m.—(B^ Symposium on Combined Aspects 
of Reliability and Economy in the Operation 
of Large Electric Systems 

Philadelphia Electric Company’s System, 
J. W. Anderson and Herbert Astrada, Philadelphia 
Electric Co. ; 

The Detroit Edison Company’s System, A. 
P. Fug^ll,, Detrqit Edison Co. 

The Edison Electric Illuminating Com¬ 
pany op Boston’s System, R. B. Dillon, The 
Edison Electric Illuminating Company of Boston 

Gbicabo District, L. L. Perry and F. V. 
Smith, Sargent and Lundy, Inc. 


Notice of 

Annual Meeting * * 

The annual meetfng of the Ameri¬ 
can Institute of Electrical Engineers" 
wifi be held in the Hotel Cleveland, 
Cleveland, Ohio, at 10 a.m. on Mon¬ 
day, June 20,1932. This will consti¬ 
tute one session of the annual 
summer convention, iyhich is to be 
held this year in Cleveland, June 
20-24. 

At this meeting the annual repqyt 
of the board of directors and the re¬ 
port of the committee of tellers con¬ 
cerning the ballots cast for the recent 
election of officers will be presented. 

Such other business, if spy, as 
properly may come before an annual 
business meeting may be considered 
(Signed) H. H. Henline 

Assistant National Secretary 


10:15 a.m. (C) 'Electrochemistry—Electrometal¬ 
lurgy and Research 

*Electrical^ Equipment for Precipitation 
Service, H. Speight, Westinghouse Electric & 
Mfg. Co. 

♦Oxide Coatings on Aluminum, J. D. Edwards 
Martin Tosterud and H. K. Work. Aluminum 
Company of America •* 

♦Calculation op Inductance and Current 
Distribution in Low Voltage Connbctions to 
Electric Furnaces. C. C. Levy, Westinghouse 
Electric & Mfg. Co. 

♦New Applications op Non-linear Circuits 
to Relay and Control Problems, C. G. Suits 
General Electric Co. ’ ’ 

2:00 P.m. Conference of Officers, Delegates, and 
Members (cont’d) 

Inspection Trips 


Wednesday, June 22 

9:30 a.m.—(D) Electrical Machinery 

The Coordination op Transformer Insula¬ 
tion With Line Insulation, V. M. Montsinger 
General Electric Co., and W. M. Dann, Westing¬ 
house Electric & Mfg. Co. 

♦Coordination op Distribution Trans¬ 
formers, E. D. Treanor and W. H. Coonev 
General Electric Co. ’ 

♦Load Ratio Control Circuits, L. F. Blume 
General Electric Co. * 

Influence op Brush Contact Drop on 
Commutation, L. R. Ludwig and R. M. Baker 
Westinghouse Electric & Mfg. Co. 

*Singlb-Phasb Short-Circuit Torques op 
Synchronous Machines, C. A. Nickle and M. L. 
Henderson, General Electric Co., and C. A. Pierce 
Worcester Polytechnic Institute 

♦Transient Analysis of A-C. Machinery II, 
Extension to Salient-Pole Machines, Yu H 
Ku, University of Chekiang 

9:30 a.m.—(E) Communication 

’•‘Wire Communication Aids to Air Trans¬ 
portation, H. H. Nance, American Telephone’& 
Telegraph Co. * 

♦Characteristics of Electromagnetic Radia¬ 
tion From Aircraft in Flight, J. C. Coe and T. C. 
Rives, Signal Corps, War Department 

♦Vertical Sound Records, H. A. Frederick 
and H. C. Harrison, Bell Telephone Laboratories 
• Inc. ’ 

2:00 p.m.—Trip to Akron 



















Thursday, June 23 


9:30 a.m.—(F) Selected Subjects and Technical 
Pommittee Reports 

♦Adequate Wiring op Buildings, An Essbn- 
tiai, for Good Illumination, G. H. Stickney and 
Walter Sturrock, General Electric Co. 

♦Induction Motor Versatility—The Nature 
of Its Applications, E. W. Henderson,-The 
Reliance Electric and Engineering Co. 

Dynamic Braking of Synchronous Ma¬ 
chines, E. E. Kilbourne and I. A. Terry, General 
Electric Co. 

9:30 a.m.—(G) Protective Devices 

Application of High Speed Relays, G. W. 
Gerell"Union Electric Light and Power Co. 

A High Speed Reactance Relay, A. R. van C. 
Warrington, General Electric Co. 

fRBLAY Operation From Bushing Potential 
Devices, P. ©. Langguth and V. B. Jones, 
Westinghouee Electric & Mfg. Co. 

fOPBRATiON of Relays From Carrier-Current 
Coupling Capacitors and Capacitance Trans¬ 
former Bushings, J. E. Clem and R. M. Cordray, 
General Electric Co. 

The Boric Acnf Fuse, A. P. §trom and H. L. 
Rawlins, Westinghouse Electric & Mfg. Co. 

Afternoon and Evening—Entertainment at Nela 
Park 


Friday, June 24 

9:30 a.m.—(H) Automatic Stations 

• *Torque Balance Telemetering, A T 
Johnston, GenS-al Electric Co. 

♦Developments in Two-Wire Supervisory 
Systems, J. H. Oliver, General Electric Co. 


lowed each discussor. When a member 
signifies a desire to discuss papers on other 
subjects or groups, he shall be permitted 
a five-minute period for each subject or 
group. 

It is preferable that a member who 
wishes to discuss a paper give his tigrnp. 
beforehand to the presiding officer of the 
session at which the paper Is 'to be pre¬ 
sented. Copies of discussion prepared in 


• 

advance should be left with the presiding 
officer. Each discussor is to step , to the 
front of the room and announce, so that 
all may hear, his name and professional 
affiliations. Discussions at the technical 
^sessions are not Reported. To be con¬ 
sidered for publication, discussions should 
be written and mailed to the A.I.E.E*. 
Editorial Department, 33 West 39th Street, 
New York, N. Y., on or before July 8,1932. 

A * 


Summarized Review of 

n 

Some Milwaukee Meeting Discussions 


Principal discussions of Milwaukee 
District meeting papers are summarized 
herewith. The papers to which these 
discussions refer were abstracted in Elec¬ 
trical Engineering for March 1932, 
p. 188-92. Additional articles based upon 
these papers are being presented in subse¬ 
quent issues. 

Only discussion submitted in writing in 
accordance with governing*- A.I.E.E. rules 
is summarized. Complete discussion to¬ 
gether with all approved papers will be 
published in the Transactions. 

Toll Switching Plan for Wisconsin 


circuit and the type of telephone wires in 
use between the terminals. Maintenance 
methods for these police systems were 
explained and the importance of continuity 
of service at all times emphasized. 

J. O. Carr (Park Ridge, Ill.) cited the 
many advantages from the use of this sys¬ 
tem by comparison with the older method of 
broadcasting and rebroadcasting telephone 
messages which permitted human error to 
enter into the problem and required a 
longer period of time on the receiving end 
of the system. 

Weather Resistant Insulation 
for Line Wires 


♦Operating Experience With Supervisory 
Control on the Rbaoing-Philadelphia Subur¬ 
ban Electrification, J. E. Pastoret. Reading Co. 

*The Application and Performance of 
Automatic Equipment at Stations and Sub¬ 
stations on The American Gas and Electric 
Compaq’s System, Philip Sporn,-Basil Lanphier 
and H. E. Turner, American GaS and Electric Co. 

9:30 a.m.—(I) Symposium on Conductor Vibration 

Stress-Strain Studies of Transmission Line 
Conductors, G. W. Stickley, Aluminum Re¬ 
search Laboratories 

Vibration and Fatigue in Electrical 
Conductors, A. E. Davison, J. A. Inglis, and V. 
M. Martinoff, Hydro-Electric Power Commission of 
Ontario 

♦VIBRATION OF OVERHEAD TRANSMISSION LINES, 
R. A. Monroe and R. L, Templin, Aluminum 
Company of America 

♦Transmission Line Vibration Due to Sleet. 
J. P. Den Hartog, Westinghouse Electric & Mfg. Co. 

♦These papers are under consideration for 
presentation at the summer convention, but up to 
date of going to press have not been officially 
placed upon the program. 

t These papers will, not be published in the 
Transactions or in advance form by the Institute 
but copies may be made available by the respective 
authors. 


Rules on Presenting and Discussing 

Papers 

At the technical sessions papers will be 
presented in abstract, ten minutes being 
allowed for each paper unless otherwise 
arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and 
allotment of time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually five minutes are al- 
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In connection with this subject E. W. 
Neubauer (Chicago, III.) discussed several 
features in effect under the toll switching 
plan in Illinois. He explained that one of 
the important results of the application of 
the toll switching plan is the improved toll 
service to small communities located some¬ 
what away from the larger cities. 

Glen Ireland (New York, N. Y.) dis¬ 
cussed the general toll switching plan as a 
whole which covers the entire United States 
and eastern Canada. Only a few per cent 
of the circuit groups required to complete 
the routing arrangements of the general toll 
switching plan within the Bell System 
remain to be placed, and these represent 
less than 1 per cent of the circuit miles 
now in service. He referred also to the 
excellent progress that has been made in 
providing terminal repeater-switching 
pad arrangements at the more impor¬ 
tant switching centers throughout the 
country. 

R - C. Siegel (Milwaukee, Wis.) also 
discussed this subject and cited advantages 
***. toll switching plan. He explained 
that limiting switching to fewer toll centers 
results in the concentration of larger num¬ 
bers of toll circuits on a smaller number of 
main routes and the concentration of 
equipment in fewer central offices. Plans 
in Wisconsin within the next few years and 
ultimate planning also were discussed 
briefly. 

Police Teletypewriter Communication 

E. W. Neubauer (Chicago, Hi.) discussed 
this subject and referred to the various 
types of systems in use. The particular 
telegraph line system used for each link 
depends largely upon the length of the 


C. D. Brown (Milwaukee, Wis.) stated 
that his experience with the use of tree wire 
indicated that its outer covering lfad in 
many cases the. same deficiencies with 
respect to impregnating compound as was 
brought out in the paper regarding weather¬ 
proof insolation. He inquired if investi¬ 
gation had been made of the properties of 
the weather resistant covering for tree wire, 
and if^so, what were the results? 

# James H. Foote (Jackson, Mich.) also 
discussed this subject and* it is his belief 
that seven years’ life of weatherproofing on 
overhead wire would seem to be abnormally 
short. He cited a case where triple braid 
weatherproof had been in service ei ghteen 
years without showing any appreciable 
amount of raggedness or deterioration 
easily visible from the ground. 

Waukegan Station 

A. H. Lovell (Ann Arbor, Mich.) be¬ 
lieved that to one not familiar with Chicago 
and its western surroundings, the choice of 
only 25,000-kw. units in 1923 and 65,000- 
kw. units in 1930 was puzzling. The 
authors were asked to, discuss this reference 
to the size of the load in Chicago at those 
times. 

W. S. Monroe (Chicago, Ill.) brought out 
that the history of this power station repre¬ 
sented in a large measure the development 
of the power station industry in the Chicago 
district so far as steam pressure and steam 
temperature are concerned and the cha nge 
of boiler furnaces from chain grate stoker to 
pulverized coal. He also explained that 
the last three units installed, numbers 3, 4, 
and 5, were each the largest single shaft 
milts available at the time they were or¬ 
dered. * 

Electrical Engineering 


115,000-Kw. Turbo-Alternator ^ 

S. H. Mortensen (West Allis, Wis.) dis¬ 
cussed several of the design features of this 
generator which brought about a reduction 
of vibrations, stray fields,’heating, etc. The 
advantages of substituting non-magnetic 
for magnetic coil supporting rings on the 
leakage fields and stray losses of a 2,500- 
kva., 3.600-r.p.m. generator were shown 
with curves. 

One of the many points of interest dis¬ 
cussed by C. J. Fechheimer (Milwaukee, 
Wis.) was the possible influence of the 
foundation of this generator, on its critical 
speed. He believes that in all probability 
the running speed is above the first critical 
speed and that it is important to remember 
that the influence of the foundation might 
lower the critical speed, and then there 
would be danger of encountering’ a higher 
critical speed near the r unning speed. 

Philip Spom (New York, N. Y.) inquired 
whether the use of hydrogen was given 
consideration in connection with the design. 
He believes that in addition to the improved 
performance of an 18-kv. winding possibly 
hydrogen would have raised the efficiency 
to a figure as high as 99 per cent and in¬ 
creased the rating by well over 1,000 kw. 
which would have justified considerable 
extra expenditure. 

Mercury Rectifiers for A-C. Railways 

In connection with the use of rectifiers 
instead of commutators L. R. Ludwig 
(Hast Pittsburgh, Pa.) considers the recti¬ 
fier as^ a unidirectional switch whereas the 
commutator and brush he pointed out 
would pass current in either direction. 
Also the rectifier for practical reasons 
must have a comparatively small number 
of anodes or segments, whereas-the com¬ 
mutator usually has many. Therefore, the 
utilization of the windings on the motor it is 
believed would not be nearly so good as if a 
commutator were used. 

R. E. Hellmfind (East Pittsburgh, Pa.) 
discussed the scheme proposed in this paper 
and pointed out that while considerable 
progress has been made in the development 
of rectifiers and similar electronic devices, 
however, perhaps even greater advances 
have been made in the design of single-phase 
motors. It is believed that their relative 
position today is about the same as in the 
early days and that present rectifier arrange¬ 
ments cannot compete economically with 
single phase commutator motors. 

E. F. W. Alexanderson (Schenectady, 
N. Y.) is of the opinion that this develop¬ 
ment will lead to a practical solution be¬ 
cause progress of the vacuum tube technique 
is rapidly leading to new and superior forms 
which in their turn make possible improved 
methods of correlating the power system, 
the vacuum tube, and the motor. 

R. G. McCurdy (New York, N. Y.) dis¬ 
cussed the probable inductive effects that 
would result from the use of the controlled 
grid mercury arc rectifier which may be 
expected to complicate the problems of co¬ 
ordination between singlerphase a-c. rail¬ 
ways and telephone circuits. 

H. M. Trueblood (New York, N. Y.) in 
connection with this subject analyzed 
several factors and general observations 
based upon a comparison of the use of 
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single-phase 25-cycle and 60-cycle energy 
upon the contact wire of an electrified 
railway using the running rails for return. 

Mercury Rectifiers 
, Versus Rotary Converters 

. c - West (East Pittsburgh, Pa.) empha¬ 
sized the statements in the paper regarding 
the importance of service reliabjjity. He 
also pointed out that within the past few 
years, the results of many years of develop¬ 
ment effort have brought the rectifier sub¬ 
station to the point where its existence is 
thoroughly justified throughout the field of 
d-c. railway power supply. 

W. E. Gutzwiller (Milwaukee, Wis!) pre¬ 
sented data which showed that the operat¬ 
ing costs and service failures of the rectifiers 
mentioned in this paper were rather high 
in comparison with similar, but more 
modern, stations. 

A 60-Cycle Transmission System 

C. L. Fortescue (East Pittsburgh, Pa.) 
discussed the protective features of the 
line of the Milwaukee Electric Railway and 
Light Company described in the paper. 
He believes the spacing and height of the 
ground wires above the line wires sho uld 
produce good shielding effect. Also as a 
large part' of the line follows the railroad 
right-of-way, good grounding should be 
obtained and with the liberal tower clear¬ 
ances, a good record against lightning 
should be obtained with this line. 

Insulator Sparkover 

C. L. Fortescue (East Pittsburgh, Pa.) 
also discussed this subject and is of the be¬ 
lief that these papers cover research produc¬ 
ing data which has been greatly needed by 
the industry; namely, the effect of humidity 
upon the 60-cycle flashover of different 
types of insulating structures. 

In regard to this subject, A. O. Austin 
(Barberton, Ohio) pointed out that where 
humidity is high it is very important in 
making the tests that insulators be at room 
temperature, as otherwise large discrepan¬ 
cies may arise. 

Philip Spom (New York, N. Y.) referred 
to previous discrepancies in 60-cycle flash- 
over of insulators as given by different 
manufacturers. Subsequent work of the 
lightning and insulator subcommittee 
showed tffat this was due largely to the 
different humidity conditions under which 
tests were made. Mr. Spom believe? that 
this paper definitely confirms the point 
and shows how consistently the results 
appear when plotted against relative 
humidity., 

A Limiting Gap for Station Apparatus 

•ft 

C. L. Fortescue (East Pittsburgh, Pa.) 
complimented the author on the good work 
which he had done, especially in pointing 
out the necessity of coordinating insula¬ 
tion for positive as well as negative surges. 

W. L. Lloyd, Jr. (Pittsfield, Mass.) does 
not agree with conclusions 1 and 3 giving 
the requirements which an ideal gap 
should have and its use in the station; 
he believes also that a great many tests 
would be necessary before one could be 


certain that conclusion 2 was justified. 
It was felt that the value of the paper might 
possibly have been enhanced if the measured 
test points of the curves had been given. • 

J. T. Lusignan (Mansfield, Ohio) ana¬ 
lyzed the two principles involved in con¬ 
nection with the control type of limiting 
gap which provides ?or a wide variation of 
electrostatic field in order to secure practi¬ 
cally any sparkover characteristic desired. 
Reference was made to several simple gap 
arrangements to illustrate the effect of 
uniformity of voltage gradient across the 
gap upon time lag of the gap; also to illus¬ 
trate the effect of an unsymmetrical electro¬ 
static field upon the polarity at which a 
gap will have a lower breakdown voltage. 

J. J, Torok (East Pittsburgh, Pa.) em¬ 
phasized the importance of the following 
points in the paper: first, the differences 
between the positive and negative? flashover 
characteristics of various gaps and their 
importance in coordination; second, the 
relations of flashover between waves of 
various durations and the. volt-time curve 
obtained by a flat-topped wave. 

J. F. H. Douglas (Milwaukee, Wis.) 
discussed this paper and he believes that 
the different behavior of points and spherical 
electrodes with positive and negative elec¬ 
trification were clearly shown to be in accord 
with the electrostatic field theory, and were 
verified amply by experimental tests. 
He thought that future work might well be 
directed toward some of the 'Setails which 
are not yet fully explained. 

* 

Diameter and Spacing of Insulators 

C. L. Fortescue (East Pittsburgh, Pa.) 
in his discussion of this subject emphasized 
that there was nothing untried in the type 
of insulators proposed. He explained that 
insulators of this diameter and larger have 
been in use on the Pacific Coast, giving 
good service; and they are just as sturdy as 
the standard 10-in. suspension insulator. 

N. B. Obbard (of the American Bridge 
Company) discussed this subject in its 
relation to tower design. He believes this 
paper is one of the first in which the eco¬ 
nomic relation of the insulator string to 
the cost of the tower has been taken into 
consideration, and that both insulators 
and tower design should be considered 
at the same time and not as separate 
problems. 

Another discussion of this subject by 
A. O. Austin (Barberton, Ohio) also pointed 
out that with the more efficient insulator 
it is possible to reduce the clearances and 
the height of tower, so that the probable 
number of hits to the line will be less. Also 
with less clearance the line reactance is 
reduced and capacitance is increased, 
so that more power may be transmitted 
and the stability bettered. 

In connection with the part of this*paper 
which deals with the question of diameter 
and spacing, Philip Spom (New York, 

N. Y.) believes that the value of this in¬ 
formation would have been greatly en¬ 
hanced had the tests been confined to 
practical designs and to spadngs and di¬ 
ameters within the commercial r ang e. 

W. L. Lloyd, Jr. (Pittsfield, Mass.) 
discussed the wave shapes used for the tests 
in this paper. "With regard to the wave 
shape shown in Fig. 1-B, he believes that 
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sparkover of a test piece would take place 
at or near the crest of such a wave or not at 
all; consequently, high sparkover values 
and* impulse ratios are obtained. The 
laboratory wave shown in Fig. 2, he be¬ 
lieves^ should give Values lower than those 
m&suired in the field. 

Flashover Values of Insulators * 

A. O. Austin (Barberton, Ohio) in dis¬ 
cussing the subject of normal frequency 
flashover values or insulators as affected by 
humidity and size, explained that there 
are so many factors involved which affect 
the ffashover of £n insulator that general 
laws cannot be established which apply 
to all types of insulators. The correction 
for humidity therefore must be determined 


largely by test on the particular insula t or 
or one approximating its general char¬ 
acteristics. 

Philip Spom (New York, N. Y.) believes 
that this paper checks closely with the 
information furnished by Mr. Lloyd’s 
Papef. He believes that plotting data 
on the behavior of insulators under different 
humidity conditions against* Abscissas of 
vapor pressure is certainly the most scientific 
manner of presenting the data. 

Another discussion of this subject by J. C. 
Rah (Chicago, Ill.) brought out that ’the 
results obtained on insulators from ex¬ 
periences of many observers indicated 
that air spaces are responsible for reduced 
flashover rather than wet surfaces, and 
therefore the wet fiashovers are entirely a 
function of design. 
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Summarized Review of 

Some Winter Convention Discussions—Continued 


■ PRINCIPAL discussions of the majority 
of winter convention papers were sum¬ 
marized in Electrical Engineering for 
April 1932, p. 272—9. The remainder is 
. presented herewith. The papers to which 
these discusi?ons refer were abstracted in 
Electrical Engineering for January 1932, 
p. 39-49 and February 1932, p. 130-2, ex¬ 
cepting only the papers given more com¬ 
plete treatment in these same issues; addi¬ 
tional articles based upon these papers are 
being presented in subsequent issues. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is su mm arized. Complete discussion to¬ 
gether with all approved papers will be 
published in the Transactions. 

Electrical Machinery 

Paralleled Rotor and Stator 

In connection with this subject H. B. 
Hall (New Haven, Conn.) pointed out that 
the same performance as the authors ob¬ 
tain may be secured from a normally con- 
n ected induction motor by running it on 
V 2 times normal voltage. This, he ex- 
plained, could be done to any induction 
motor even if its rotor and stator were 
wound for different voltages or if it had a 
squirrel cage rotor. 

E. E. Hellmund (East Pittsburgh, Pa.) 
considered the probability of this special 
arrangement being used for general purpose 
work which he believes does not seem likely 
because usually the same results can be 
obtained with the ordinary induction motor. 
Nevertheless he thinks it might be usefui 
in special cases, as, for instance, where 
speed-torque characteristics as shown in 
Fig. 12-C of the paper are desirable; 
therefore the publication of the results 
obtained should be considered a Wel com e 
' ‘on to the art. 

v ortescue (East Pittsburgh^ Pa.) 
sed this subject and analyzed 
>y the method of symmetrical 
It was shown that the output 
e copper loss was increased 


41.4 per cent. To offset this the inductance 
was doubled but the rotos iron loss and 
the stator iron los? would have approxi¬ 
mately the same magnitude, so that the 
iron loss for the sgme applied voltage would 
be approximately double that in the regular 
induction motors 

Damper Windings for Motors 

M. R. Lory (East Pittsburgh, Pa.) 
said that the problem of the designer was 
to meet the torque requirements of the 
load and still keep the current drawn from 
the line to a minimum. He believes the 
paper gave a comprehensive summary of 
the various means by which the designer 
can accomplish this result. As a matter 
of interest in connection with two double¬ 
deck arrangements in the paper the dis¬ 
cusser explained that he had calculated 
these two examples with two bars in parallel 
but in separate slots, making the permeance 
of the slot above each the same as the per¬ 
meance which it has in the arrangement 
given in Fig. 7 of the paper. The values of 
the constants for the two bars were given. 

Another discussion of this subject by 
R. E. Hellmund (East Pittsburgh, Pa.) • 
answered the question as to • why the 
various exciter and phase-advancer schemes 
for induction motors have not been com¬ 
mercially exploited in this country. He 
expressed belief that this paper is further evi¬ 
dence of the excellent progress which continu¬ 
ously has been made by American design¬ 
ers of synchronous motors in the develop¬ 
ment of motors suitable for the many 
commercial applications. 


Power Transformer Design 

R. E. Hellmund (East Pittsburgh, Pa.) 
in his discussion of this subject drew com¬ 
parisons between the methods of surge 
testing now arrived at in this country, and 
those which were in effect with most manu¬ 
facturing concerns in Europe during the 
summer of 1925. The practise how arrived 
at in this country is, as a result of the more 


deliberate method of 'developing it, in 
marked contrast to the European methods, 
and in regard to transformers, it is m uc h 
more rigorous. 

F. W. Peek (Pittsfield, Mass.) in his 
discussion of this* subject attributed the 
r paper by Palueff and Hagenguth as one of a 
pioneer series which has placed the subject 
of transients in transformer windings upon a 
scientific and engineering basis. In the 
light of new knowledge resulting from this 
series of papers the discusser again recom¬ 
mended that the committee on electrical 
machinery set up methods, waves, etc., 
for making a lightning test on transformers 
if such a test should seem desirable. 

Another discussion by C. L. Fortescue 
(East Pittsburgh, Pa.) reviewed the his¬ 
torical background leading up to the present 
development of surge-proof insulation and 
winding in transformers. The other phase 
of Mr. Fortescue’s interesting discussion 
predicted in the light of present knowledge 
the magnitude of the surges to which a 
transformer might be exposed in certain 
situations. His remarks were confined to 
transformers designed for 110-kv. opera¬ 
tion, and the analysis considered only 
direct strokes on both wood pole and steel 
tower line construction. The latter was 
classified into three conditions, namely, un¬ 
protected lines, imperfectly protected lines 
and well protected lines. 

F. W.^ Gay (Newark, N. J.) discussed 
this subject and proposed to provide a 
transformer with a resistance path in 
parallel with a winding to be protected, and 
electrostatically couple the resistance path 
with the winding and with the transformer 
terminals, so that relatively very*• great 
currents will pass to charge the winding 
for high frequency surges but relatively 
insignificant current will pass through the 
resistance, at normal frequency. A surge 
winding of relatively few turns with the 
high frequency winding coupled to the 
transformer terminals by condensers also 
could 'be wound in juxtaposition with the 
many - turn low - frequency high - voltage 
winding. Thus an advantageous shunt 
path of very low surge impedance would be 
provided through the condenser and high- 
frequency few-tum surge winding. 

A. B. Hendricks, Jr. (Pittsfield, Mass.) 
did not believe that some of the fundamental 
improvements claimed in the surge-proof 
construction were new. He submitted 
drawing of several test transformers, one 
of which he designed, built and put in 
service in 1906 to exemplify the fundamental 
principles involved. He described the 
winding which was of the concentric form 
with circular coils with insulation varied 
more or less in proportion with the voltages. 

By the use of interleaved cylinders, flanged 
rings and formed insulating casing, it 
presented an absolute barrier between the 
high voltage winding, low voltage winding, 
and core. 

Electrochemistry and Electrometallurgy 

Losses in Electrolytic Condensers 

J. Slepiaa (East Pittsburgh, Pa.) dis¬ 
cussed this paper and he told of work which 
he carried on about twelve years ago in 
connection with the high power factor 
Usually •’obtained. He found that the ad- 
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dition of a fractional per cent by weight 
of a soluble fluoride had an extremely - 
beneficial effect upon the power factor 
and reduced the losses so that cells were 
made with power factors under 2 par cent. 
However, these cells with superposed d-c s 
excitation would not stay efficient and in the 
Sourse of a year the power factor would 
become 5 or 6 per cent, and it would con¬ 
tinue to rise slowly for years afterward. 
Investigation showed that there was ,a 
change in electrolyte which was assumed to 
have been the formation of colloidal alumi¬ 
num hydroxide and the inquiry was mad e 
as to why such a substance should effect the 
losses in the cell. 

H. H. Race (Schenectady, N. Y.) also 
discussed this paper with reference to an 
explanation of the power-factor frequency 
characteristics of electrolytic capacitors. 
He believes that if the coefficients of ca¬ 
pacitance and resistance in Fig. 25 of the 
paper could be assumed to be independent 
of frequency then the complicated com¬ 
bination of series and parallel arrangements 
of resistance and capacitance could be 
reduced to an equivalent circuit. On the 
other hand he does not believe that the 
coefficients in Fig. 26, which may be only a 
special case of a more general form, could 
be assumed to be independent of frequency 
since the ionic concentration at a given 
point in the oxide film would change with 
time. 

Electrical Precipitation 

J. J. Torok (East Pittsburgh, Pa.) dis- ' 
cussed this subject and believes that the 
authors presented very effectively the 
results of their experiments. He reviewed 
a treatise on this subject by Ladenburg 
which attacked the problem from a differ¬ 
ent point of view than that taken by the 
authors of this paper. From this analysis 
it was found that in precipitators the larger 
particles would be removed first and as 


tune progressed the smaller particles also 
would be taken out. 

Another discussion by J. C. Hale (Bound 
Brook, N. J.) took exception to a number 
of conclusions reached in the paper as well 
as some of the authors' equations. 0,ne of 
the points questioned by the di<«Micgg r 
concerned fhe mathematical analysis lead¬ 
ing to eq. 15 In the paper which shows that 
identical efficiencies will obtain whether 
precipitator units be connected in series or in 
parallel or in series parallel with respect to 
gas flow, provided the gas is properly 
divided in the case of unsymmetrical ar¬ 
rangements. For example, in a problem 
requiring a very low friction loss, „eq. 15 
points to the use of a. large number of 
units in parallel. The discusser explained 
that it could be shown mathematically 
that the combined efficiency of parallel 
units decreases rapidly as the gas distribu¬ 
tion becomes unequal. Equal distribution 
of gas through too many parallel units was 
believed to be most difficult and the selec¬ 
tion of a proper number of units to be 
parallel was therefore not a matter of 
efficiency calculated on the basis of any 
formula, but a matter of experience with 
regard to distribution. The discusser felt 
that in justice to the scientists and en¬ 
gineers. who h&ve devoted much work to 
the art that the part* of the authors’ con¬ 
clusion which referred to work done hereto¬ 
fore should be sincerely questioned. 

Transportation 

Three-Power Locomotives 

W. S. H. Hamilton (New York, N. Y.) dis¬ 
cussed the requirements and performance 
of these locomotives used by the New York 
Central around New York City. He ex¬ 
plained that the size of the internal power 
plant (300 engine hp.) was based on require¬ 
ments in the 60th Street yard where there 
was heavy switching and float work. 


On Program for the Pacific Coast Convention 



I HE RUSKIN hydroelectric plant of the British Columbia Electric Railway Company 
may be visited by those attending the A.I.E.E. Pacific Coast convention which is planned 
to be held Aug. 30-Sept. 2,1932, at Vancouver, B. C. One 47,000-hp. unit is now installed 
in the Ruskin plant, the ultimate capacity of which will be 188,000 hp. in four units. 
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With regard to the ability of the internal 
power plant to meet emergency conditions 
it was explained that these locomotives 
successfully handled 2,000-ton trail* in 
regular road service over a distance of 8 
miles for a period of *11 months. Jt was 
pointed out that for jthe year 1931 the wfiole 
fleet of 36 locomotives was in service with 
crews on 61 per cent of the time and were 
available for service 85.5 per cent of the 
time. This performance with new locomo¬ 
tives and new crews ws£ considered very 
creditable. 

Another discussion of this paper by 
D. P. Orcutt (New York, N. Y.) consjdered 
the expected battery life on the ’three- 
power locomotive as compared with the 
straight storage battery locomotive for 
switching service. Data on the operation 
of the first three-power locomotive on the 
New York Central showed that in switching 
service about 85 per cent of the energy 
used by the traction motors flowed directly 
from the generator to the motors and 15 
per cent from, battery to the motors. This 
permits the use of a much smaller battery 
with a three-power unit, thus greatly 
reducing battery maintenance cost from 
that with a straight battery locomotive in 
switching service. 

F. H. Craton (Erie, Pa.) discussed this 
subject and briefly described requirements 
in connection with the New York Central's 
west side improvement which were largely 
responsible for the development of the 
three-power locomotive. In comparing the 
three-power locomotive to the two-power 
design it was brought out that the engine- 
generator-battery type was best fitted for 
operation in service where peak demands 
are high and the load factor low. The 
three-power type also possesses the addi¬ 
tional advantage of being able to operate 
on battery power into buildings or restricted 
areas. 

F. H. Brehob (Erie, Pa.) also discussed 
the subject and described a number of the 
difficult problems in mechanical design 
that had to be solved to meet the severe 
service requirements. The locomotive as 
developed represents the heaviest four-axle 
swivel truck locomotive in service today 
and it utilizes the heaviest axle loading 
using single-geared axle-hung motors. The 
weight in working order was limited to 
257,000 lb. by utilizing material to best 
advantage. 

Herman Lemp (New York, N. Y.) also 
discussed the paper and considered the 
advantages of another engine equipment 
of 300 hp. to take the place of the battery. 
He explained that this would not cost or 
weigh more than the battery which was 
good only for four years, while the engine 
equipment if properly maintained would be 
available at least for ten years. 

Temperature Rise op Railway Motors 

John Basta (East Pittsburgh, Pa.) dis¬ 
cussed this subject and explained that the 
actual heat runs used for verifying the 
calculated curves, however, did not give 
more than two, and in some cases even 
only one point. It was suggested that the 
author undertake another series of tests in 
which complete curves would be obtained. 
Instead of measuring the resistances of 
armature windings, as was done in the tests 
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50,000-Kva. Hydrogen- 

Cooled Condenser at La Fresa 

Rei 


5DUCTION of noise, reduced operat¬ 
ing temperatures, decreed windage losses, 
increased efficiency, saving in installation 
cost, and elimination of the requirement for 
special fire-fighting equipment are among 
the benefits secured with this outdoor 
hydrogen-cooled •synchronous condenser. 
Located at the La Fresa substation of the 
Southern California Edison Company, 
Ltd., -this condenser is rated 50,000 kva., 
and is the largest liydrogen-cooled uni t ever 
constructed. It is used for voltage regula¬ 
tion and power factor correction of the 
66-kv. feeders radiating from La Fresa, 
and is connected to the bus by a 60/12.1-kv! 
Y- A connected transformer hanlr, the 
secondaries having 4,320-volt condenser 
starting taps. Complete automatic push¬ 
button starting is provided, the control and 
relay equipment being located on a switch¬ 
board in the main control room. 

Cooling of the hydrogen inside the case is 
accomplished by four internal surface 
coolers, through which at full load is pumped 
approximately 400 gal. of water per min. 
at 88 deg. fahr. Although about $60 


worth of hydrogen is needed to fill the 
machine* the cost of make-up hydrogen has 
averaged less than 10 cents per. day during 
the first 4 months of operation. 
t The condenser and starting and running 
circuit breakers were manufactured by the 
General Electric Company, and the trans¬ 
formers by the Westinghouse Electric and 
Manufacturing Company. Four 1,250,000- 
cir. mil. 16-kv. Kerite insulated cables in 
parallel are used for each of the three main 
condenser leads. • 



presented, it was suggested that tempera¬ 
ture detectors be placed into the winding 
which would be connected through slip- 
rings to meters, so that the distribution of 
temperatures along the winding could be 

ascertained at the same time. 

C. J. Fechheimer (East Pittsburgh, Pa.) 
discussed several of the author’s assump¬ 
tions made in the paper. It was belieVed 
essential to make assumptions such as the 
author had done although these might not 
be the ones to adopt for some other class of 
apparatus. It was explained that the 
author’s results were all based upon the 
average copper temperature as measured 
by resistance. For machines having long 
cores, the copper at the middle is usually at 
considerably higher temperature than the 
average, and consequently assumption B 
m the paper would introduce too large an 
error. ' 

Sectionalizotg op Rectifier 

A. W. Hull (Schenectady, N. Y.) dis¬ 
cussed the part of the paper which related 
to the fundamental limitation of rectifiers, 
namely, the prophecy that "the major dis¬ 
advantages which go with size appear to be 
fundamental and permanent. Larger units 
will always be less efficient and probably 
less reliable.’’ He explained why theory 
and present experience did not seem to him , 
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to justify this conclusion. He believed 
that if large rectifiers were at present less 
efficient than small ones, it was a mere 
chance which was due to the relative state 
of development, and not a fundamental 
limitation of large rectifiers. 

R. E. Hellmund (East Pittsburgh, Pa.) 
discussed the reliability and availability 
of. the sectionalized designs versus large 
units. He cited as an analogy, discussion 
which took place in the early days of a-c. 
main-line electrification regarding the rela¬ 
tive merits of locomotives having one or 
two large motors and those having many 
small motors. Practical experience showed 
that the reliability and availability with the 
large motors was low because such unavoid¬ 
able accidents as the breaking of a single 
carbon might damage the commutator and 
keep the locomotive out of service. On the 
otho: hand a similar occurrence in the loco¬ 
motives having many small motors, that is, 
sectionalized power, permitted quick re¬ 
placement and much greater availability of 
the locomotives. 

_ Another discussion by C. A. Butcher 
(New York, N. Y.) explained that hereto- 
fore he had not been an enthusiast for 
mercury arc power rectifiers but the ad¬ 
vantages of the new development de¬ 
scribed in the paper and the indications, 
from extensive research laboratory work 
testing, of a higher order of reliability have 


lead fyim for the first time to be enthusiastic 
about a rectifier. 

W. E. Gutzwiller (Milwaukee, Wis.) 
also discussed this paper and it is his belief 
that the claims made for this rectifier were 
^somewhat overemphasized. He pointed 
out that experience has shown that small 
sectional types have usually been latek 
supplanted by large single-tank types for 
reason of simplicity and reliability except 
in very special cases where other considera¬ 
tions were dominant. This, he believes, 
is particularly true on fluctuating loads, 
such as heavy traction service where a 
real gam in reliability is of more importance 
than a slight gain in efficiency. 

Symposium on Time 
and Time Services 

L. S. Harrison (New York, N. Y.) de¬ 
scribed a master clock system which hourly 
supervises the uniform agreement of electric 
secondary units. In this system the master 
clock, with a high-grade 60-beat pendulum 
regulator which is capable of rating within 
2 to 3 sec. per month, transmits over an 
individual three-wire system its own ac¬ 
curacy to the secondary time pieces, both 
35 to rate of advance and as to a point 
origin of time by means of a periodic time 
check. The system was introduced in 1924 
and it has had wide application throughout 
the United States and Canada. 

The inventions of Mathias Hipp, who was 
a pioneer in the art, were interestingly 
brought out by Herman Lemp (New York, 
N. Y.) in his discussion of this subject. It 
was explained that Mathias Hipp’s ejectric 
clocks are known all over Europe. They 
have been in continuous service in the prin¬ 
cipal cities of Switzerland since about 1868 
and furnish accurate time to a critical 
public, makers of Swiss watches and 
chronometers. This inventor was also the 
first to construct an astronomical pendu¬ 
lum of^teel with mercury compensation. 

J. D. Crawford (Cambridge A, Mass.) 
in his discussion of this subject referred to 
the series of experiments undertaken by the 
late Dr. A. A. 'Michelson. These experi¬ 
ments involved the determination of the 
time it took light to travel ten times between 
two sets of mirrors placed at the ends of an 
evacuated tube about a mile long. In 
making these measurements a crystal 
clock was used as the reference standard. 

Telegraph Time Service 


In connection with this subject W. A. 
Dudley (New York, N. Y.) explained that 
usually one or more synchronized clocks in 
each office of the telegraph companies are 
provided with cam-operated contacts which, 
through suitable relays, are used for the 
control of timing and dating stamps. 
Thus these clocks, which are part of a 
synchronized time service described in the 
paper, provide an accurate means for con¬ 
trolling and checking the speed of service. 

J. C. Wilcox (New York, N. Y.) also dis¬ 
cussed this paper and referred to the 
movements, construction, and application 
of the subscribers’ clocks. He pointed 
out that these clocks are independent 
operating urnts with the ability to operate 
continuously and accurately regardless of 
outside line interruptions. He explained 
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that these self-winding clocks 


■» 

were found 


on every railroad and subway system in 
New York with the largest installation in the 


Grand Central Terminal where over 1,000 
units are operated. 


Another discussion By R. C. Thayer 
(St. Paul, Minn.) brought out the value’ 1 
Of the noon beat signals as sent out by the 
two telegraph companies to the railroads of 
this country. These signals are redis¬ 
tributed throughout the railroad companies 
networks of communication circuits so that 
each of the railroad stations and train 
dispatchers receive the correct time daily. 


Synchronous Electric Time Service 


This subject was discussed by Philip 
Spom (New York, N. Y.) who believed 
that a reading of the paper was likely to 
give the wrong impression—that the ques¬ 
tion of frequency control by operators of 
large power systems was a simple matter, 
involving little more than the use of a 
master clock. Some of the difficulties 
involved in frequency regulation on an 
interconnected system were explained by 
the discusser and illustrated by load charts 
of a tie line which showed the wide fluctua¬ 
tions caused by close frequency regulation. 

R. J. Wensley (Newark, N. J.) also 
discussed this subject and brought out 
that the first interest displayed by the 
central station industry in synchronous 
timekeeping was in the use of such methods 
for the integration of demand against 
definite time intervals. He also pointed 
out that at present the usual power system 
is not regulated with sufficient accuracy 
to permit the use of synchronous timing of 
extremely short intervals. 


The Bonbright Survey of electric light and 
power companies of the United States, 
eighth edition, revised September 1931, 
recently was issued by the McGraw-Hill 
Publishing Company, Inc., of New York. 
According to the foreword in this volume 
the first edition of the survey was compiled 
in 1923 by Bonbright and Company, Inc., 
investment bankers closely identified with 
the electric power and light industry. 
Since January 1926, the publication has 
been compiled and issued by the McGraw- 
Hill company. In the present edition, 
corporate relationships and territories served 
are given as received until November 1931, 
in reports from the power companies con¬ 
cerned, while financial statistics are given, 
so far as was possible, as of June 30, 1931. 
The list of holding corporations and sub¬ 
sidiary companies has been revised; finan¬ 
cial data have been augmented to include 
more of the municipal and smaller privately 
owned properties; listings of incorporated 
cities and towns having a population of not 
less than 2,500 have been augmented to 
include results of the 1930 census. The 
published price is $10 per copy. 


(A’96, F’12) who died suddenly April 14, 
1932. Mr. Baylies graduated from Har¬ 
vard in 1884, and previously was vice- 
president and chairman of the executive 
committee of the Edison Electric Illumi¬ 
nating Company. 


Forty Years 
,of Manufacturing 

At the annual meeting of the General 
Electric Company at Schenectady, N. Y., 
President Gerard Swope (A’99, F’22) cut 
a birthday cake in observance of the com¬ 
pany’s fortieth anniversary. In April 1892, 
the General Electric Company was formed 
by the consolidation of the Thomson- 
Houston and the Edison General Electric 
companies. The figure "40” composed of 
ornamental electric lights decorated the top 
of the cake. 



Southern California 
Utility Pioneer Dies 


1925 was elected a vice-president of the Na¬ 
tional Electric Light Association. 

Mr. Miller symbolized the pioneer spirit 
of the West, and under his direction njanv 
small companies were consolidated and 
reorganized into one company noted for its 
soundness as well as for its ease of operation. 
Teamwork among employees and customer 
ownership of stock were encouraged, much 
of the pioneer work in this latter activity 
having been done by Mr. Miller. 


A.S.M.E. 

to Hold Meetings 

The sixth annual aeronautic meeting of 
The American Society of Mechanical 
Engineers will be held at the Hotel Statler, 
Buffalo, N. Y., June 6-8, 1932. The 
technical program will include some 30 
papers and reports covering aerodynamics, 
navigation, engines, airplane carriers, de¬ 
sign, and fuel. The technical sessions will 
be held on Monday and Tuesday, with 
Wednesday open for various plant in¬ 
spection trips and a sightseeing toirr around 
Niagara Falls. 

At the same time, Buffalo will be host 
also to the first national process meeting of 
The American Society of Mechanical 
Engineers, with technical sessions on Mon¬ 
day and Tuesday, and the saffie trip to the 
Falls scheduled for Wednesday. 

The American Society of Mechanical 
Engineers, with the cooperation of the 
Engineering Institute of Canada, will hold 
its 1932 spring meeting at Bigwin Inn, 
Lake of Bays, Ontario, Canada, June 
27-July 1, 1932. This year the scope and 
magnitude of the meeting will be expanded 
and it is expected that it will include papers 
illustrative of British, Canadian, and 
American engineering practise. 

Among the special trips available is a 
tour leaving New York, N. Y„ on June 26 
and Toronto, Ontario, Canada, on June 
27. At the conclusion of the convention 
the trip will include seven additional days 
by boat and railroad through some of the 
most picturesque sections of Canada. 


On the same day that the electric utility 
industry in the East lost one of its leaders of 
long standing through the death of C, L. 
Edgar of Boston,. Mass, (see p, 359-360 
this issue) a similar loss occurred on the 
Pacific Coast in 'the death of John Barnes 
Miller, chairman of the board of directors 
of the Southern California Edison Company, 
Ltd. Mr. Miller, who was 62 years of age, 
died on April 14,1932, at Los Angeles, Calif. 

After studying at the University of Michi¬ 
gan, Mr. Mjller returned to his native city 
of Port Huron, Mich., in 1890, but after a 
few years’ business experience there and in 
Louisana, went to California in 1896. In 


Control of 
Foreign Investments 

Because of its importance to citizens of 
this country who have investments abroad, 
and because of its close relation to the 
problem of investments in engineering 
projects undertaken within the limits of 
this country, the following editorial from 
the April 14, 1932, issue of Engineering 
News-Record, p. 533, is reprinted herewith 
in full: 


Successor to C. L. Edgar Appointed.— 
Announcement has been made of the elec¬ 
tion of W. C. Baylies as president of the 
Edison Electric Illuminating Company of 
Boston, Mass., at a special meeting of its 
directors. He succeeds C. L* Edgar 


1898 he was elected .treasurer of the Edison 
Electric Company, later the Southern 
California Edison Company, becoming its 
president three years later. After being 
both president and chairman of the board 
for many years, he resigned the former posi¬ 
tion in 1928. He was also an officer and 
director in several other companies, and in 


“Engineering Advice Needed” 

"A service to the country generally has 
been done by the American Institute of 
Consulting Engineers in a statement ad¬ 
dressed: to the Senate finance committee 
giving pertinent facts concerning the invest¬ 
ment of capital in Latin America. The 
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Senate finance committee has been in¬ 
vestigating conditions surrounding the 
investment of funds from this country in 
foreign fields to determine why man y 
• investments so made have turned out to be 
a failure. It sought to learn where re¬ 
sponsibility for this development lay. The 
Institute’s (A.I.C.E.) report—prepared by 
engineers of long experience in Latin 
America places responsibility squarely on 
the bankers for failure to get disinterested 
opinion on the soundness t)f the ventures 
they were financing and to set up proper 
checks upon the way money was spent. 

“Money has been loaned to Latin Ameri¬ 
can governments in the belief that it was 
to be used to construct useful public works 
without knowledge as to the need for or 
revenue-producing value of the proposed 
works, without stipulation that the money 
was to be apent only upon approved work, 
and without providing for proper control 
of its expenditures. As far back as 1919 
the Institute (A.I.C.E.) began urging 
upon American bankers the desirability of 
universal adoption of a practise followed 
by most British bankers but by only a very 
few in America—namely, employing in¬ 
dependent consultants to pass upon the 
feasibility of projects for which they have 
been asked to provide funds. If after 
investigation the project appears attrac¬ 
tive, British bankers do not pass out the 
money without stipulating that they retain 
control over w the manner in which it is 
spent, and usually even over the operation 


of the project when completed* A second 
time in 1923, again in 1928, and once again 
in 1929, the Institute (A.I.C.E.) urged the 
adoption of this practise upon the principal 
investment houses of this country. Their 
warnings went without effect. 

“The bankers, it appears, saw only the 
Instituted (A.I.C.E.) selfish interest in 
urging engineering investigation and con¬ 
trol and so ignored it, being content to take 
any bond*issue thaj: came along regardless 
of its merit so long as they could make a 
profit out of the underwriting, passing 'the 
bonds on to the trusting public which, in 
the end, ‘holds the bag.’ The folly of that 
practise is now all too obvious. Much of 
the money so invested has been squandered 
on ill-conceived undertakings, investors in 
this country have lost or stand to lose most 
or all of their principal, and confidence in 
the banking houses that sold them the 
bonds has been lost. Distrust of all Latin 
American investments has been developed. 
But worst of all, international distrust and 
ill-will have been built up just at a time 
when trust and good-will are most needed. 

“A frank and convincing statement of 
what could have been done to protect 
American investments abroad, even though 
it comes from an interested party, cannot 
but help to insure the adoption of sound 
practises in the future. The Institute 
(A.I.C.E.) is to be congratulated for having 
risked arousing antagonism among bankers 
in order to put tfffe facts clearly before the 
public." 


Letters lo iKe EJ 
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Heart Injury 
From Electric Shock 

To the Editor: ■ 

^ Ve r r ^ d th . e Kouw entoven article, 
Jtl He 2* £r°m Electric Shock," 

2? *be April 1932, issue of Electrical 
Engineering, p. 242-4. Are we publishing 

12f rH ? g - Jol f al , ora medical journal 
devoted to vivisection? 

I deplore the efforts of Doctor Kouwen- 
t *2 kpk.ri 16 American Institute of 
Electrical Engineers with vivisection and 
kmdred s^cal work. It is not our natural 
field and I do not believe the rank and file 
members.approve of this excursion 
mto territory so far removed from engineer- 

Yours very truly, 

F \9 t ‘ Strong (A’91, F’13 and 
Life Member) 120 Hartford 
Ave., Wethersfield, Conn. 


Nerve Injuries 
From Electric Shock 

To the Editor: 

■ 5 - should like to commend Eleotstoat 
i'SSKr?? for the breadth of viewSSJJj 
? publishing the article “Nerve Injuries 
from Elertnc Shock," in the December 1931 
wsue* p. 929-32. 


To me the article was of great interest and 
£ ™“horned it as being a genuine contribu¬ 
tion toward the goal of resuscitating all 

^ 0rt ^ ate “ t0 receive Solent 
electric shocks. _ The more not only mem¬ 
bers of the medical profession but also the 
laymen like ourselves know about the 
physiological effects of electricity, the more 
successful we are likely to be in reviving a 
person who has received an electric shock 
in case, at any time we are confronted with 
such an emergency. 

Very truly yours, 

D. W. Rosebrugh (A’2&, M’29) 
(22 Baker St., Poughkeepsie, 
N. Y.) 


Suggested Changes in 
Dielectric Nomenclature 

To the Editor: 

In the study of dielectrics, the following 

“*•— ^ 

is to replace “per- 

“ it * »>■“' *■» ^ w-. 
There are always objections to changes 


d m nomenclature, especially when such 
n changes are suggested for names of concepts 
ie or long standing. Nevertheless our lan- 
d £2 a & e , ls continually changing, so that sugges- 

i r “ ons for simpler or more logical terms should 
be encouraged and carefully considered 
„ 2 1 ° rde f ^at the bfcst possible picture of a 

neld of study will be conveyed by the 
n nomenclature used. n 

t- _ From an experimental point of view an 
e imperfect dielectric may be represented 

s m terms of an equivalent parallel circuit of 
i resistance and capacitance; in fact, mo st 
g determinations of the a-c. properties of di- 

i ele< 2f“? ^ mp]oy bri dge or substitution 

methods of measurement in which the char- 
acteristics of the sample are measured in 
[ rf? 11 ! ? f resi !tors having negligible dis- 

1 tributed capacitance and capacitors having 

i negligible loss in series or parallel combina- 

t tl0ns \ The complex expression for the 

i experimentally determined electrical proper- 

, ries of the dielectric is then 

, Y - G + i w C 

where G, the equivalent paraUel con¬ 
ductance, is a measure of the component of 
current in phase with the applied poten¬ 
tial, and therefore of the total dielectric - 
loss by whatever mechanism it may be 
produced. Also C, the equivalent parallel 
capacitance is a measure of the component 
ot current in leading quadrature with the 
applied potential and therefore of the 
total charge stored per cycle per unit poten- 
S4 Fr °™ , a theoretical point of view, 
Debye ( Polar Molecules," p. 94, The 
Chemical Catalogue Co., 1929) has used a 
set of symbols from which the expression 
corresponding to eq. 1 is 

Y = iwC v (t'-W) 

which when expanded gives 

Y - e f ai C v + i € ' w C v (2) 

In this relation two new names are 
suggested, namely, capacitance factor, d, 
and loss factor, e"; the relation between 
tnem gives the well-known and generally 
used quantity 8 y 

Powerfactor => sin [tan (e"/e')] ( 3 ) 

, Jbe first named or capacitance factor is 
defined by the relation 

• Z ’ (4) 

and is the ratio of the capacitance of the 
sample to the capitance of a vacuum space 
ot the same size and shape. Generally 
this is (ailed the specific inductive capacity 
or the dielectric constant of the material, 
but there are two objections to the latter 
name, which is most commonly used: 
Jt'irst, e is not constant, but varies with 
temperature because of changes in density 
and with frequency if the sample contains 
polar molecules which can move in a viscous 
medmm. Therefore it might better be 
called a coefficient or multiplying factor 
rather than a constant. Attention already 
has been called to this misuse of words by 

I ?Q 0 n dden onoN ke i Nature > V. 126, Nov. 

22> 1930, p. 808). Second, the word “di¬ 
electric is general whereas the word “ca¬ 
pacitance speci fi cally refers to the storage 
of charge or the component of current in 
leading quadrature with the applied poten- 
,£. herefor e it seems that “capacitance 
factor is more descriptive of the true mean¬ 
ing of the quantity e'. 

The second of the two factors or loss 
factor, is defined in terms of experimental 
data by comparing eq. 1 and 2 from which 

e" — G/w C v (5) 

In general, t" is proportional to the loss per 
cycle per unit volume. It may be a func- 
tion of all the experimental parameters, 
and in no way implies the mechanism or 
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cause of the dielectric loss, of which it is a 
measure. There is precedence for the'name 
“loss factor” (“A.S.T.M. Report of Com¬ 
mittee D-9 on Electrical Insulation,” 
1931, p. 93), since it has been used to 
express the product of Jthe dielectric con¬ 
stant and the power factor in per cent. 

For small loss angles power factor =' 
G/ue' C so that by the A.S.T.M. definition 
the loss factor will be the same as given by 
eq. 5. For large loss angles, however, my 
definition will have a clearer physical 
meaning since e" is taken to measure only 
the loss, independent of the capacitance, 
whereas the A.S.T.M. definition is in¬ 
fluenced by the capacitance because power 
factor is defined exactly as the sine rather 
than the tangent of the loss angle. 

Capacitance factor and loss factor are 
coefficients which vary as different func¬ 
tions of the experimental variables, and 
therefore a better understanding of the 
electrical properties of an insulating ma¬ 
terial can be obtained by studying each 
separately, than by studying power factor, 
which according to eq. 3 involves both. 
For example, according to Debye’s theory 
of polar molecules, the variation of these 
two factors with frequency is given by the 
following relations (H. H. Race, Phys. 
Rev., v. 37, Feb. 1931, p. 441): 

, __ eoCcca + 2) 2 -f- <o 2 r 8 em(eo -f- 2) 2 . 

(€«, + 2) 2 + « ! r ! (eo + 2) 2 W 

• » _ tJr(eo - en) (tea + 2) (tp 4~ 2) 

(«» + 2) 2 -f- « 2 r 2 («o H~ 2) 2 1 

where 

«'o ** capacitance factor at zero frequency 

« « “ capacitance factor at infinite frequency 
«<a ** (index of refraction) 5 
r = relaxation time 

The above subscripts differ from those used 
by Debye and refer directly to the fre¬ 
quency at which the measurement is made. 


“capacitivity” seems much more appropri¬ 
ate. The word “permittance” is not in 
general use, while the word “capacitance” 
has been almost universally accepted. 
Therefore the capacitance per unit volume 
might better be called capacitivity. The 
accompanying table shows that this name 
is consistent with our present scheme of 
nomenclature: » 

Conductor./.Resistor.Capacitor 

Conductance.Resistance.Capacitance 

Conductivity.Resistivity^..... Capacitivity 

Thus the* capacitance of a homogeneous 
dielectric is given by the following relation 

C - C, = «'«, (a/l) (8) 

where e B = capacitivity of vacuum and 
a and l are, respectively, the effective area 
and length of the dielectric field. *Thus 
the capacitivity of any dielectric is its 
capacitance factor multiplied by the ca¬ 
pacitivity of vacuum ; e„ may be considered 
to be dimensionless and equal to unity 
or having both a dimensional formula and 
a numerical value, depending upon the 
system of units used. However, capaci¬ 
tance factor, loss factor, and power factor as 
defined are numerics in all systems of units. 

Very truly yours, 

Hubert H. Race (A’24) 
(Research Engineer, General 
Elec. Co., Schenectady, N. Y.) 



Engineering n 
FounJalii 


ion 


are being examined by educational and 
engineering societies under the leadership 
of the Society for the Promotion of Engi¬ 
neering Education. Progress has been 
made on giving information to serve as 
a guide in the selection* of a vocation. 

A pioneer demonstration of ahother 
method was given ,by H. N. Davis, chair¬ 
man* of the committee and president of 
Stevens Institute of Technology. In August 
1931, a camp for high school boys was 
conducted for two weeks, during which 
time simple examples of engineering and 
talks by different engineers were given, 
supplemented by a large variety of tests. 
The experiment was declared a success and 
is to be repeated in 1932. ’ 

The committee has given assistance also 
in the formulation of practical tests in¬ 
tended to appraise the. qualifications of 
youths and men for various occupations. 
Other studies are receiving consideration 
and the committee is cooperating with the 
American Council on Education, and is 
continuing aid to the sumnjer schools which 
are being conducted for engineering teachers 
by the Society for the Promotion of Engi¬ 
neering Education. 


Am 


erican 


engineering V.oun 


Council 



Capacitance factor («')/ loss factor (e*), 
ana power factor (P.r.) for a hypo¬ 
thetical polar liquid, using Debye’s 
theory for case where e 0 /e<o — 2. 


To illustrate the variations of these three 
factors with frequency, the accompanying 
curves have been drawn for a hypothetical 
polar liquid in which «o =■ 2 « ». The power- 
factor curve is plotted to ten times the 
scale used for the other two, and illustrates 
the fact that this function is more com¬ 
plicated than e" and that it is less difficult 
to determine the frequency for maximum 
loss factor than the frequency for maxi¬ 
mum power factor as has been done by 
Whitehead (Phil. Mag., v. 9,1930,p. 865). 

_ While I am discussing nomenclature for 
dielectrics, there is one more name which 
I should, like to propose ; the capacitance 
of a' unit cube of dielectric is called its 
permittivity by some writers, but the name 


Personnel Research 
Federation Active 

Toward meeting unemployment, the 
Personnel Research Federation, now over 
ten years old, has cooperated with agencies 
throughout the country by assembling and 
distributing information as to the methods 
of studying and dealing with employment. 
A conference was held jointly with the Social 
Science Research Council to determine the 
effects of part-time and lay-off on workers’ 
efficiency and morale. Various other re¬ 
searches and investigations have been sug¬ 
gested and undertaken. 

Continuing the investigation of causes 
and treatment of accident proneness on 
highways'* and in factories, a study has 
been made of accident susceptibility among 
5,000 drivers over a 5-year period. In 
cooperation with the National Safety 
Council and other agencies, the Federation 
has undertaken to concentrate efforts on the 
diagnosis and cure of the relatively small 
proportion of the population who appear 
to be prone to accidents. 


Studies Made of 
Engineering Education 

Studies of engineering education made by 
the education research committee of Engi¬ 
neering Foundation have been facilitated 
by cordial cooperation from, coast to coast. 
Proposals for fundamental improvements 


Pending 

Patent Legislation 

Considerable legislation affecting the 
granting of patents and patent office pro¬ 
cedure has been introduced into the present 
Congress. The views of American Engi¬ 
neering Council's patents committee have 
been given by its chairman, E. J. Prindle 
(A’06,- M’20) to Congressman W. I. Siro- 
vich, chairman of the committee on patents 
of the House of Representatives. Some of 
the more important bills, with the opinions 
transmitted by Mr. Prindle, are given below: 

H. R. 10,152—To empower the assignees 
of inventor to file divisional, continuation, 
renewal, or reissue application. This bill 
is favored as an efficient simplification of 
procedure. The original bill has been super¬ 
seded by H. R. 11,018, and slightly amended 
by the insertion of a clarifying phrase. 

H. R. 10,153 superseded by H. R. 11,016 
—To limit the life of a patent to a term 
commencing with the date of application. 
Opposition to this bill was expressed be¬ 
cause it does not give sufficient regard to 
the circumstances of the particular applica¬ 
tion for patents. 

H. R. 10,154 superseded by H. R. 11,017 
—Permitting single signature in patent 
applications and validating joint patent 
for sole invention. This is considered a wise 
and constructive measure. 

H. R. 10,155—To abolish the statute per¬ 
mitting renewal of patent applications. 
This bill was approved by Mr. Prindle, and 
the patents committee of the House has 
voted to report out the bill. 
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H. R. 10,156 superseded by H. R. 11,019 
—To limit inventors to priority of two 
years before filing application for patents. 
In fffect this bill cuts down to a term sub¬ 
stantially below two years the period in 
which the patentee might try out his in¬ 
vention on the market before applying for 
a patent. An extenrign of this limit to 
three years was suggested. » 

H. R. 10,157—To expedite prosecution of 
patent applications pending more than 
three years. This bill has been reported 
by the patents cdtnmittee, and is supported 
by a special committee which carries very 
considerable weight and authority. 


Engineering Council 
Formed at Los Angeles 

Local chapters of the four national engi¬ 
neering societies in Los Angeles, Calif., 
recently formed the “Los Angeles Engi¬ 
neering Council of Founders Societies.” 
The preamble to its constitution is identical 
to that of American Engineering Council 
and reads: "The object of the Council 
shall be to further the public welfare 
wherever technical and engineering knowl¬ 
edge and experience are involved, and to 
consider and act upon matters of common 
concern to tile engineering profession.” 

The executive committee is composed of 
Robert Linton, 'president; Carl Johnson 
(A’09, F’25), vice-president; L. W. Voor- 
hees, secretary-treasurer; and A. F. Barnard. 
Among the other eight members of the 
council are two members of the Institute 
A. P. Hill (A’23, M’29) and Prof. R. W 
Sorenson (A’07, F’19). 


erson 


J 


W- G. Cady (M’19) professor of physics 
at Wesleyan University, Middletown, Conn., 
at a recent election of officers pf the Institute 
of Radio Engineers was chosen to be its 
president Doctor Cady is a native of 
Providence, R. I« his Ph.B. t degree was 
conferred upon him by Brown University 
in 1895; his A.M. the following year, and 
his Ph.D. was received from the University 
of Berlin, Germany, in 1900. For two 
years, he was magnetic observer of the 
United States Co^t and Geodetic Survey, 
at Cheltenham, Md., the following year 
becoming instructor in physics at Wesleyan 
University, where for some time he has 
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Muscle Shoals Bill 
Reported in House 

A bill, No. 11,051, introduced by Repre¬ 
sentative Hill of Alabama, to provide for 
the leasing and other utilization of Muscle 
Shoals properties, in the interest of national 
defense and agriculture, was reported from 
the mihtary affairs committee of the House 
of Representatives, April 4,1932 

m ^?. is ^entially different from 
the Noms bill m the Senate. It concerns 
ail of the Government owned properties 
located at and near Muscle Shoals‘except 

wr£° Wer and P dw er generating 
facilities, and provides for a board of three 
authorized to lease and hold these properties 
for a penod not exceeding 50 years from the 
date of enactment, and upon such terms 
and conditions as, in its judgment and sub¬ 
ject to the limitations of the act, will best 
serve the interests of the United States t 
«“rymg out the purposes of this act. 

oping Meeting of Administrative Board,— 
Announcement has been made that the 
TS! T etmg of ** ^inistrative board 
**&**** Council will 
be held May 13-14, 1932, at the Washing¬ 
ton Hotel, Washington, D. C. S 
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been in charge of all courses in electricity 
His work in the piezoelectric field has been 
conspicuous and in 1928 resulted in his being 
awarded the Morris Liebmann memorial 
prize. This prize is an annual award made 
by the Institute of Radio Engineers and was 
made possible by a gift of *10,000 to per¬ 
petuate the memory of Gol. Morris N. Lieb- 
a .communication engineer who lost 
his life in the World War; the annual 
acenm 1 of interest upon this amount con- 
stitutes a cash prize of approximately *500, 
and the award is made for outstanding 
accomplishment in the field of communica¬ 
tion. Doctor Cady has done some very 
important work in connection with the 
etectnc arc submarine signaling and the 
detection of vibrations due to feeble water 
disturbances. He also has contributed 
considerable of importance to research in 
both physics and electricity and has pro- • 
uced many valuable technical papers. 


F. L. Rhodes (A'03, F’13) outside plant 
iT^ pment engineer for the American 

Yoih nV Jfv. egra ? New 

York, N. Y., and through a term of service 

of over thirty years largely responsible for 

present day standards of 
the company for outside plant construction 
bemuse of ill health retired from active 
service March 1932. Mr, Rhodes is a 
native of Boston, Mass., and obtained his 

of tST fr °® Massac husetts Institute 
or Technology m 1892. That year he 

entered the mechanical department of the 


American Bell Telephone Company of 
Boston and for several years was occupied 
chiefly with electrical measurement work 
relating to telephone transmission over 
open wire lines and cables; he also did work 
on the design and development of induc- 
' tion and repeating coils. In 1899 when the 
department was amalgamated with the 
engineering department of the American 
Telephone and Telegraph Company, Mr. 
Rhodes was chosen tp specialize on the de¬ 
sign and engineering of the outside plant 
of the telephone system, and in 1905 was 
placed in charge of the division of the en¬ 
gineering department responsible for the 
outside plant engineering. He was one of the 
principal members of the staff of Col. J. J. 
Carty. As liaison officer between the tele¬ 
phone companies and the electric lig ht 
companies he accomplished much valuable 
work. He has been called upon to give 
expert testimony in legal cases both in the 
United States and Canada, and for three 
years served on the overhead line construc¬ 
tion committee of the National Electric 
Light Association. Mr. Rhodes also has 
served the Institute on its board of ex¬ 
aminers (1915-20), on its meetings and 
papers (now technical program) committee 
(1916—17), as chairman of the communica¬ 
tion committee for a year besides serving 
as a member of the committee for three 
years; and for seven years he was a member 
of the standards committee. 


K. B. McEachron (A’14, M’20) re¬ 
search engineer, L. H. Whitney (A’23) 
chemical engineer, and F. M. Clark 
(A 24) physicist, all of the General Electric 
Company, Pittsfield, Mass., and M. A. 
Savage (A'21) design engineer, and C. A. 
Nickle (A’25) an electrical eng ineer at the 
company’s Schenectady works are par¬ 
ticipants with eighteen other General Elec- 
fric employees in the 1932 award of the 
C. A. Coffin Foundation prize. This 
Foundation, established ip 1922 to per¬ 
petuate the name of the founder and first 
president of the company, awards *11,000 
annually for the most signal contributions 
by employees of the company toward 
increased efficiency or progress in the 
electrical art. No matter what the type 
of work, an employee is eligible for con¬ 
sideration for an award. With each prize 
us given a certificate of merit. Mr. Mc- 
Eachron received his award for outstanding 
accomplishment in the invention of Thyrite 
for use in lightning arresters; Mr. Whitney, 
ror his valuable assistance to Mr. Mc¬ 
Eachron in this development; Mr. Clarke, 
or special contributions to the quality as 
well as reduction in cost, of capacitors; 
Mr. Savage, for unusual ability in the 
design and development of large steam 
driven generators; and Mr. Nickle for his 
exceptional ingenuity in the development of 
ysteresis motors of new and improved 
design. 


,J. F. Fairman (A’20, M’27) who for 
the past six years has been assistant electri¬ 
cal engineer for the Brooklyn Edison Com¬ 
pany now has become electrical engineer for 

* T ) C °?? 1 any V, Process since joining 

the Brooklyn Edison Company in 1925 as 
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assistant outside plant engineer has been 
marked, as was his advancement in his 
academic work on the teaching staff of the 
University of Michigan, from which he was 
graduated in 1918, and thereafter was first 
instructor and then assistant professor of 
electrical engineering. Following his dis ¬ 
charge from military duty after the World 
War, he took the graduate student course 
of the Westinghouse Electric and Manu¬ 
facturing Company,,East Pittsburgh, Pa., 
thereafter returning to the university for 
further teaching. 


A. L. Nelson (A’16, F’29) who for twelve 
years has been a member of the firm of 
Jackson and Moreland, Boston, Mass., 
as well as manager of its construction 
department handling problems relating to 
plant investigation, operation, and con¬ 
struction, now has established a business 
of his own under the firm name of Arthur 

L. Nelson Engineers, for the same type of 
work as before. Mr. Nelson has served 
several of the engineering groups on com¬ 
mittee work, including the A.I.E.E., 
A.S.M.E., N.E.L.A., and the Boston Society 
of Civil Engineers of all of which he is a 
member. From 1920 to 1924 he was on the 
faculty of the Massachusetts Institute of 
Technology, electrical engineering depart¬ 
ment, and gave lectures on power plant 
design, construction, and operation. 


C. L. Law (A’20) general commercial 
manager of the New York Edison Com¬ 
pany, New York, N. Y., now fills a similar 
position with the United Electric Light and 
Power Company, of New York. He has 
been with the Edison company since 1906 
in various managerial capacities and re¬ 
ceived his appointment as general com¬ 
mercial manager in 1929. Only recently 
he was elected president of the Electrical 
Association of Flew York, and through his 
membership in other representative bodies 
including the American Association for the 
Advancement of Science, has been actively 
executive. 


J. R. North (A’21, M’29) who has been 
assistant investigations engineer for the 
electrical engineering department of the 
Allied Engineers, Inc., Jackson, Mich., 
now has become general engineer of the 
Commonwealth and Southern Corporation, 
also at Jackson. Mr. North is serving 
on the foreign systems coordination com¬ 
mittee (national) and various project com¬ 
mittees of the joint subcommittee on 
development and research of the National 
Electric Light Association and the Bell 
System. 


N. E. Wunderlich (A’27) engineering 
executive for the R, C. A, Victor Company, 
Incorporated, at Camden, N. J., recently 
established a new system for improved radio 
reception. This system, which bears the 
name of its inventor and was exhibited with 
success at the Chicago radio show, consists 
of a special yet simple circuit arid a new 
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type of tube serving the three-fold purpose 
of detection, amplification, and automatic 
volume control. Preliminary tests and 
measurements by two nationally recognized 
laboratories confirm its claims . 


A. E. Kbpt^elly (A’88, F’13, and past- 
president) professor emeritus of electrical 
engineering of both Harvard University 
and Massachusetts Institute of Technology, 
on the evening of Friday, April 8, 1932, 
was the recipient of another distinction in 
the bestowal of the Medal of Honor of the 
Institute of Radio Engineers, of which he 
is a past-president. Doctor Kenpelly’s 
achievements have beejji so numerous and 
so well known that they will not be in¬ 
cluded here. This latest citation was 
“for his studies of radio propagation 
phenomena and his contributions to the 
theory and measurement methods in the 
a-c. field which now have extensive radio 
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application.” The award itself includes a 
gold medal suitably engraved and bestowed 
annually upon "that person who has made 
public the greatest advance in the science 
or art of radio communication, regardless of 
the time of performance or publication of the 
work on which the award is based. ’ ’ Others 
who have received this Medal of Honor 
indude Guglielmo Marconi (HM’17) 

M. I. Pupin (A’90, FT 5, HM’28 and past- 
president) J. S. Stone (A’08) E. F. W. 
Albxanderson (A’04, F’20) Lee De- 
Forest (A '04, F’18).and others, the first 
award ha^png been made in 1918. 


W. I. Middleton (A’09, MT4) who has 
been chief electrical engineer of the Simplex 
Wire and Cable Company for many years, 
now has retired from office, completing a 
record of distinction. He has made many 
valuable original contributions to cable 
production and application. Mr. Middle- 
ton’s connection with the company dates 
from 1903; his work in the cable field in¬ 
cludes the pioneering of deep oil well cable 
and the all rubber covered cable design for 
mining service. His reputation in cable 
engineering is world wide. 

\ H. V. Bozell (A’08, F’23) who has been 
identified for some time with Bonbright 
and Company, New York, N. Y., and who 


at one time was editor of the Electrical 
World, now has been elected executive 
vice-president and a member of the board of 
directors of the Associated Telephone Utili¬ 
ties Company, a holding company wliich 
through its subsidiaries operates some 909 
exchanges over properties including 541.Q00 
telephones and about 60,000 miles of toll 
line in 26 states of the Union. 

C. R. Beardsley (A’08, F’30) has been 
appointed assistant to the superintendent 
of distribution of the 'Brooklyn Edison 
Company, Brooklyn, N. Y. Since 1923 
he has been electrical construction engineer 
and had the supervision, of the eleStrical 
construction of the Hudson Avenue power 
station and of substations. Also from 1928 
to 1930 he was chairman of the accident 
prevention committee of tlfe en gin ta ring 
national section of the National Electric 
Light Association. 

F. L. Aime (A’15) an electrical engineer 
for the J. G. White Management Corpora¬ 
tion, New York, N. Y., and for many years 
identified with the Utility Management 
Corporation, New York, N. Y., recently 
joined the staff of the consulting engineers, 
Gibbs and Hill, also of New York. Specifi¬ 
cally, his new operations will include assign¬ 
ment to high voltage cable work in con¬ 
nection with the electrification which his 
company has undertaken for^the Pennsyl¬ 
vania Railroad. 

* 

A. J. Go wan (A’23) now has been en¬ 
gaged as electrical engineer of the U. S. 
Army Engineer Corps., Rock Island, Ill., 
in charge of electrical design and installa¬ 
tion of locks and dams in connection with 
the Nine-Foot Channel development on a 
section of the Mississippi River. He has 
served as an electrical engineer with the 
General Electric Company, Stone and 
Webster Engineering Corporation, and 
Atmospheric Nitrogen Corporation. 

W. C. Mainwaring (A’22) for the past 
fourteen years district sales manager of the 
Northern Electric Company, Limited, Van¬ 
couver, B.C., has been chosen to head the 
merchandising activities of the British 
Columbia Electric Railway Company, 
Limited, both on the mainland and on 
Vancouver Island. He will bear the title 
of merchandising manager, a new position 
created by the recent rapid expansion of this 
department. 

R. W. Shoemaker (A'07, MT9) who 
was at one time electrical engineer and 
superintendent of the electrical depart¬ 
ment of the Turlock Irrigation District, 
California, and more recently engaged by 
the Electric Bond and Share Company at 
Rio de Janeiro, now after a two years’ stay 
in Brazil has returned to California to 
resume professional practise. 

N. L. Towle (A’20, M’24) who has been 
assistant professor in charge of electrical 
laboratories at Cooper Union, New York, 
N. Y., now has been given charge of that 
institute’s department of electrical en¬ 
gineering, with the rank of full professor 

357 


r 


r 



Professor Towle who has been on the 
staff since 1920 previously taught in the 
Iowa State College at Ames, la. 

• 

O. H. Caldwell (A’13, M’22) editor of 
"electronics” and "Radio Retailing,” issued 
by the McGraw-Hill Publishing Com¬ 
pany, New York, N. Y», and E. L. Nelson 
(A’20, M’26) radio development engine 
at the Bell Telephone Laboratories, Incor¬ 
porated, New York, N. Y„ have been 
elected directors of the Institute of Radio 
Engineers to servfc for the year 1932. 


ing there. Between 1916 and 1924 Mr. 
Newton served the Institute’s power trans¬ 
mission and distribution committee for four 
terms. 

R. D. McManigal (A’18) who has been 
serving the Westinghouse Electric Com¬ 
pany of*Japan at Tokyo as its special repre¬ 
sentative, now has been matte assistant 
to the manager of the central station and 
transportation division of the Westinghouse 
Electric International Company, New X°rk, 


r 

where he was a laboratory assistant, and is 
now'receiver engineer on high frequency 
circuits for Wired Radio, Incorporated, of 
Ampere, N. J. 


. J. P. Edwards (A’92, MT3) recently 
retired from the office of Eastern division 
traffic superintendent of the Western 
Union Telegraph Company. His term 
of service covered a period of some twenty 
years. 


A. ? T. Perkins (M’25) president and 
general managers the People’s Motor Bus 
Company recently was elected to a two-year 
term of service as a member of the board of 
directors of the St. Louis (Mo.) Chamber of 
Commerce. E. B. Meissner (A’16) presi¬ 
dent and general manager of the St. Louis 
Car Company, also has been elected a 
member of its executive committee. 

A. G. Richardson (A’24) who for two 
years was chief engineer of the Allen Hough 
Carryola Company, Milwaukee, Wis., and 
for a year after severing connections with 
that company, remained in Milwaukee to 
do experimental work for himself, using the 
Allen Hough laboratory, returned to New 
York, N. Y., December 1,1931, to engage in 
radio service. 


G. F. Sanderson (A'30) who has been 
doing engineering work for the Metro¬ 
politan Edison Company, Reading, Pa., 
now has become general manager for the 
West-Lon Light and Power Company, 
the Allied Vermont Utilities Company, 
and the Weybridge Light and Power 
Company, subsidiaries of the Colonial 
Utilities Corporation, Chester,'Vermont. 

E. B. Freeman (A’21) vice-president and 
general manager of the B. F. Sturtevant 
Company, Hyde Park, Boston, Mass., 
has been elected president succeeding 
former Governor Eugene N. Foss, who has 
been made chairman of the board of di¬ 
rectors. Mr. Freeman’s rise in the or¬ 
ganization was from the sales engineering 
department. 


Sidney Hosmer (A’97, F’12) who recently 
was .made vice-president and assistant 
general manager of the Edison Electric 
Illuminating Company of Boston, Mass., 
now has been elected a director of the 
company to replace Robert Saltonstall, 
resigned. 

R. E. Doane (M’25) who until recently 
was manager of the price and cost depart¬ 
ment of the Standard Underground Cable 
Company division of the General Cable 
Corporation, now has become sales engineer 
of the Doane and Jones Company, at 
Elmira, N. Y. 

A. A. Leeven <A’24, *M’30) superin¬ 
tendent of the electrical engineering depart¬ 
ment of Cia Hidroelectric Guanajuatense, 

S. A., in Mexico City, Mexico, was appointed 
division engineer of Cia Nacional de Elec- 
tricidad, S. A., Torreon, Coahuila, Mexico, 
effective April 1,1932. 


Teruyoshi Matsuo (A’30) imperial 
inspector of the Japanese Navy, who has 
been in New York, N. Y., doing work for 
hu government, now has returned to Japan, 
where he has been engaged in the capacity 
of electrical engineer for the Kure Kai- 
gunkosyo Denki-Jikkenbu, at Hiroshima. 

Bauschman (A’28) who was power 
sales engineer of the Pennsylvania Power 
and Light Company at Hazleton, Pa. 
recently was transferred to the statistical 
division, system operating department of 
that company. 


C. D. Taylor (M’20) who has been 
manager of the refrigeration department of 
Westinghouse Electric and Manufacturing 
Company, Mansfield, Ohio, now is vice- 
president and general manager of The Elin 
Company, at Philadelphia, Pa. 


C. B. O Neil (A’29) previously sales 
engineer for Fairbanks, Morse and Com¬ 
pany, at Houston, Texas, now has been 
transferred to St. Louis, Mo., where he 
will be district manager of railroad sales for 
his company. 


A. A. Armer (A’27) development en¬ 
gineer for the Magnavox Company, Ltd., 
Berkeley, Calif., now has been appointed, 
field engineer for this company, TT|q 
headquarters will be at Fort Wayne 
Indiana. ’ 


T. H. Chen (A’29) who has been doing 
postgraduate student work at Cornell 
University, Ithaca, N. Y., now has returned 
to China where he will be identified with 
the Nanchang Electric Company ' - Nan- 
chang, Kiangsi, China. 


J; N. Barrett (A’21) in the past sales 
engineer for the Otis Elevator Company 
m. the Detroit, Mich., district, now has 
been transferred to the company’s offices at 
Washington, D. C. 

m L Degen (M’24) who has been prac¬ 
tising engineering in New York, N. Y., now 
has been elected vice-president of the Bab¬ 
cock Manufacturing Company, Leonards- 
ville, N. Y. 


W. J. Ducey (A’22, M’30) who was 
assistant electrical engineer for Allied 
Engineers, Inc., Jackson, Mich., now has 
been made the electrical engineer of Con¬ 
sumers Power Company at Jackson. Mr 
Ducey is chairman of the overhead systems 
committee of the Great Lakes division of the 
National Electric Light Association. 

S. S. Green (A’20) secretary-treasurer 
of the Duncan Electric Manufacturing 
Company, Lafayette, Ind., has been ap¬ 
pointed chief engineer to succeed the late 
Jbsse Harris (M’27). Mr. Green has been 
on the engineering staff of the company 

S1 ^if w Ben Be first became iden tifi ed 
with the Duncan organization. 

=, 9 ' J - Newton (A’10, M’15) who has been 
doing consulting work at Hollywood, Calif., 
now has removed to Youngstown, Ohio, 
to practise Consulting distribution engineer- 


. ”• zy; formerly 

assistant general foreman of the Ap- 
palachiam Electric Power Company at 
Welch, W. Va., now has been made rural 
extension engineer for the same company at 
Pulaski, Va. 

W. S. Rollo (A’25) who has been doing 
engineering service for the Otis Elevator 
Company’s Yonkers (N. Y.) works recently 
became connected with an English com¬ 
pany, the Waygood Works, Ltd., in 
London. 

Samuel Reber (A’93, F’12, and a 
Member for Life) general foreign repre¬ 
sentative of the Radio Corporation of 
America, New York, N. Y., recently was 
dected a director of the American-Russian 
Chamber of Commerce. 

. Embrick Toth (A’29) has left the 
Holster Radio Corporation, Newark, N. J., 


R. W. Gaskins (A’24) formerly serving 
the Stone and Webster Engineering Cor¬ 
poration as engineer, has removed from 
Boston to join the Troy Laundry Machinery 

Company, East Moline, Ill. 

K. Hirosb (A’23) designing engineer for 
Shibaura Engineering Works, Kanasugi, 
Shibaku, Tokyo, Japan, now has been 
transferred by his company to Tsurumi, 
Yokohama City, Japan. 

F. I. Morgan (A’31) who has been with 
the Pennsylvania Water and Power Com¬ 
pany at Holtwood, Pa., now has afiSliated 
himself with the Safe Harbor Water Power 
Corporation at Safe Harbor, Pa. 

, E- A. Mbllingbr (A’08) director of the 
Automatic Telephone and Telegraph Com- 
m., recently resigned from 
his position on its board. 
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C. E. Chatfield (A’06, M’25) has re¬ 
signed from the position of Chicago manager 
of the Lapp Insulator Company to form a 
sales agency at Indianapolis, Ind. 

H. H. Hansson (A’^9) electrical en¬ 
gineer for Sargent and Lundy, Inc., Chicago, 
III., now has engaged in like capacity with 
Motala Strom Kraft A. B., Motala, Sweden. 
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Bernard Arthur Behrend (A’OO, F'12) 
internationally noted as an engineer and 
for his inventive genius, met with sudden 
death March 25, 1932, at his home in 
Wellesley, Massachusetts. He was born 
in Villeneuve, Switzerland, May 9, 1875, 
and as a boy resided in Switzerland, .En¬ 
gland, and Germany, receiving his early 
education by private tutelage, and through 
a course in the Polytechnic Institute and 
University of Berlin, Germany, from which 
he was graduated in 1894 with a C.E. degree. 
During the year following he was assistant 
to the late Gisbert Kapp, and in 1896 he 
became assistant chief engineer to the 
Oerlikon Company, Switzerland. This was 
immediately prior to his coming to the 
United States. He at once applied for 
citizenship and was granted naturalization 
in 1903. He has been non-resident lecturer 
at the University of Wisconsin, Leland Stan¬ 
ford University, McGill, and Massachusetts 
Institute of Technology. In 1899 he con¬ 
nected with the Bullock Electric Manu¬ 
facturing Company, Cincinnati, -Ohio, as 
chief engineer of its a-c. work, this office 
being subsequently extended to include 
all of the company’s plants in both the 
United States and Canada. In 1904 the 
Bullock Electric company became allied 
with the Allis-Chalmers Manufacturing 
Company, Mr. Behrend continuing in the 
office of chief engineer of electrical depart¬ 
ments in this company; he also established 
the first department in Milwaukee for the 
production of large units. At the end of 
1908 receivers of the Westinghouse Electric 
and Manufacturing Company engaged Mr. 
Behrend and members of his staff to take 
charge of the power engineering departments 
at East Pittsburgh, Pa.; here he remained for 
18 years, although devoting a large portion 
of his time to consulting work in Boston, 
Mass. Mr. Behrend has always been a 
prolific contributor to technical literature; 
his first outstanding work, "Theory of the 
Induction Motor (Circle Diagram)’’ pro¬ 
duced between 1894 and 1896, represented 
one of the earliest expositions on a theory 
now universally applied, and used today in 
practically the same form in which he gave 
it over 36 years ago. It was chiefly the 
subject of his university lectures, and was 
published later in book form under the title 
"The Induction Motor,” translations ap¬ 
pearing in French, German, and some sec¬ 
tions, even in Japanese. In 1897 he de¬ 
veloped the theory of the regulation of 
alternators under inductive loads, ur ging 
its adoption for purposes of standardiza- 


tioa. This was adopted in general as first 
proposed by him, although sometimes 
known under the name of "Potier” method; 
a paper before the Institute described the 
method in detail and recommended its 
standardization. Among others of his 
contributions are many Institute papers. 
In 1902 Mr. Behrend introduced the radial- 
slot cylindrical turbo-generator rotor with 
chrome nickel end rings. This unit was 
exhibited jointly at the World’s Fafr in 1904 
by the BuHock Company and Hoovens, 
Owen, and Rentschler; it won the grand 
prize and Mr. Behrend was the recipient of 
the accompanying gold medal. The largest 
power unit of the exposition was a 3,500-kw. 
generator driven by an Allis-ChalmelS en¬ 
gine, a product of Mr. Echrend’s inventive 
ability. Between 1900 and 1908 he de¬ 
signed the electric generating units for the 
Kern River Power Company, the Pacific 
Electric Company, the Denver Gas and 
Electric Company, a large group of the 
Niagara Falls units, the receiving plant of 
frequency changing units at Montreal 
linking the Shawinigan Water and Power 
Company with the power plants at Mon¬ 
treal, the steam turbine units of the Brook¬ 
lyn Edison Company and the Brooklyn 
Rapid Transit Company (at that time the 
fastest of their type). The large gas engine 
driven units of the Carnegie Steel Company, 
the Illinois Steel Company, and of the 
Indiana Steel Company were all of his 
design. In 1909 he introduced the radial 
slot rotor to the Westinghouse company 
and developed the plate rotor construction 
now used by the company for its largest 
types of turbo-generator rotors. It was a 
revolutionary type devised for the purpose 
of overcoming defects in large forgings. 
While engaged with the Allis-Chalmers 
and Westinghouse companies, Mr. Behrend 
took out over 80 patents. Devoted to the, 
interest of engineering education, he or¬ 
ganized under A. G. Wessling the first 
engineering training classes at Cincinnati, 
Ohio. He has served on many technical 
committees, among them the Institute’s 
standards committee, the U. S. national 
committee of the International Electro¬ 
technical Commission, the Engineering 
Societies Library Board, and the Edison 
Medal committee; he was chairman of the 
Institute committee on professional con¬ 
duct, and electrical machinery, and was first 
chairman of the A.I.E.E. Section in Cin¬ 
cinnati. His service as a manager and 
senior vice-president of the Institute was 
over a period of five years. In 1912, for 
improvements on high-speed electric genera¬ 
tors, he received the John Scott Medal; 
he was a member of the A.S.M.E. and the 
A.S.C.E. and of the Franklin Institute; a 
fellow of the American Physical Society, the 
American Society for the Advancement of 
Science, and the American Academy of 
Arts and Sciences, and a member of the En¬ 
gineers' Club'of New York. 


Charles Leavitt Edgar (A’96, F’12) 
president and general manager of the 
Edison Electric Illuminating Company of 
Boston, Mass., died of pneumonia April 14, 
1932, at the Marlborough Blenheim Hotel, 
Atlantic City, N. J. Mr. Edgar, who was 
in his seventy-second year, was a native of 


Somerset County, New Jersey. He was 
graduated in 1882 from Rutgers College, 
New Brunswick, N. J., receiving at that 
time the two degrees of A.B. and A-M- j 
his honorary degree in E.E. was received 
subsequently for postgraduate work at the 
same institution. The year following his 
graduation he connptted with the Edison 
Machine Works in New York, N. Y., for 
nine months; then was transferred to the 
factory of the Bergman Company, which 
manufactured central station apparatus. 
Shortly thereafter he became connected 
with the Edison Electric Light Company 
at its original factory in New York, N. Y. 
This service continued until 1887, by which 
time he had advanced to thl position of chief 
engineer. Most of his work had been of a 
general engineering character with par¬ 
ticular reference to the installation of small 
central stations throughout New York and 
adjoining states. In the fall of the year 
1887 the parent Edison company sent 
Mr. Edgar to Boston as superintendent 
of the Edison Electric Ill uminating Com¬ 
pany of Boston, which had been organized 
the year before; in 1889 he became general 
manager and shortly thereafter vice- 
president; and upon the death of Jacob 
Rogers in 1900 he was chosen president. 
The central station industry in this country 
owes much of its pioneer work to Mr. 
Edgar who toiled with diligent devotion to 
make its influence far reaching. He has 
made numerous trips to Europe to study 
first hand the methods used in the largest 
electric plants there, and a%a result of these 
investigations he was among the first to 
appreciate the value of storage batteries 
as central station auxiliaries; in fact it 
was he who imported from Germany the 
Tudor battery, the first to be used in this 
service in this country. He also foresaw the 
importance of'compact generating units for 
stations in congested districts, and installed 
at Boston the first vertical engines used in 
America for central station work. On a 
special visit to England in 1898 he studied 
the Wright demand system of charging and 
upon his return introduced this into the 
service of the Boston company. One of the 
features that has contributed great success 
to this company is its highly developed 
welfare work; Mr. Edgar interested him¬ 
self personally in the formation of the 
Edison Employees’ Club which gave so 
much impetus to similarly organized groups 
and later, to company sections of the Na¬ 
tional Electric Light Association in other 
cities. The Boston dub has served as a 
model for many others. After being three 
times vice-president of the National Elec¬ 
tric Light- Assodation he was dected its 
president in 1903. He has been president 
of the Massachusetts Electric Light Associa¬ 
tion, at one time was chairman of the 
A.I.E.E. Section in Boston, and has served 
the Institute on the Edison Medal com¬ 
mittee. Always a keen student of sociology 
and political economy in connection with 
modem industry, of recent years he has 
devoted much of his time to the affairs of 
the National Civic Federation, serving as a 
member of its committee of twenty-four, 
investigating the question of munidpal 
ownership of public utilities in other 
countries. He also was chairman of the 
industrial welfare department of the 
federation for several years, in which work 
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he made several surveys of the problem of 
old-age dependency and pensions. At the 
time of his death he was chairman of the 
board of the New England Power Associa¬ 
tion; a member of the executive committee 
of the Employers' liability Assurance Cor¬ 
poration, Ltd.; director of the Employers' 
Fire Insurance Company of Boston, and of 
the Electrical Testing Laboratories of 
New York; and a trustee of the Massa¬ 
chusetts Utilities Associates Employers’ 
Group Associates, and of Rutgers College, 
from which he*received his Doctor of 
Science degree in 1927. He is a past- 
president of the Edison Pioneers and a 
member of Illuminating Engineering 
Society, The American Society of Mechani¬ 
cal Engineers, the Society for Electrical 
Development; also of the Exchange, 
Country, Algonquin, and University clubs 
of Boston^ and the Engineers and Univer¬ 
sity dubs of New York. 


the Advancement of Science, a member* of 
The American Sodety of Mechanical En¬ 
gineers, the American Physical Sodety, 
the American Mathematical Society, and 
the Sodety for the Promotion of Engineering 
Education. 


Francis M. Hartmann (A’02, FT4) 
dean of the school of engineering, Cooper 
Union Institute of Technology, New York, 
N. Y., and head of its electrical engineer¬ 
ing department, died at his home March 
28, 1932, as the result of complications 
which followed an operation. Dean Hart¬ 
mann was born August 31, 1870, at 
Cochecton, New York. He attended’Da¬ 
mascus Academy, in Pennsylv ania, an d 
New York evening high school. His B.S 
degree was graced him upon the com¬ 
pletion of a five-year course in general 
science at Cooper Union night school 
New York, N. Y„ in 1895; eight years 
later, by postgraduate work in physics and 
electrical engineering, he earned his E.E. 
degree. In the interim, however, he was 
graduated from a three-year course in 
chemical analysis, also taken at the Cooper 
Unkra night school, and had taken post¬ 
graduate work in physics and electrical 
engineering and other postgraduate work in 
mathematics at New York University. 
From 1891 to 1894 he was eng aged in 
surveying and engineering with H H 
Spindler, for the City of New York, and 
from that time until 1901, Mr. Hartmann 
was computer in the city department of 
public improvement. Then he received his 
appointment as instructor in physics and 
electrical and mechanical e ng ineering at 
Cooper Union for both day and night school, 
a position which he occupied until in 1905 he 
was made assistant professor of electrical 
and mechanical engineering, three years 
later to be placed in charge of the depart¬ 
ment. Paralleling a portion of this period 
he was working with A. G. Koenig, consult- 
mg engineer of New York; also with the E 
E * Cary Company. In 1908 Cooper Union 
chose him chairman of the committee on 
promotion for three science courses; a five- 
year night school course in electrical en¬ 
gineering, a five-year night school course in 
general science and the day school technical 
science course. Dean Hartmann’s contribu¬ 
tions to technical literature have covered a 
variety of subjects. In 1912 he designed and 
equipped the new dynamo laboratories and 
thermodynamic laboratory for the Hewitt 
Memorial Building, Cooper Union. In ad¬ 
dition to his membership in the Institute he 
was a Fellow of the American Association for 


D. A. Wadia (A’21) who for some time 
has beefi identified with the engineering 
branch of the Burma Shell Oil'Storage and 
Distributing Company of India, Limited, 
St. Helen’s Court, Ballard Estate, Fort 
Bombay, India, died at Surat on the 13th of 
January 1932. Of late he has been making 
his home with his uncle at Dadar. Mr. 
Wadia was a native of Bombay (1887); 
he held a scholarship from the Victoria 
Jubilee Technical Institute at Bombay, 
which allowed him to matriculate at the 
Bombay University. In 1908 he received 
the Victoria Jubilee Technical Institute 
first-class certificate with the degree of 
licensed mechanical engineer; he also held 
a certificate from the City and Guilds 
London _ Institute, department of tech¬ 
nology, in the preliminary grade of elec¬ 
trical engineering, and a certificate for com¬ 
petency for what is there known as the Bom¬ 
bay Boiler Act, issued by the government. 
During his student, days at the Victoria 
Jubilee Technical Institute, Mr. Wadia 
worked upon the erection of the institute’s 
central power stition, and prior to under¬ 
taking wiring installations for the Fazulbhoy 
Mills, Limited, he worked for eight months 
on a similar installation for D. R. Cooper 
and Company. As second assistant en¬ 
gineer, he joined the Brush Engineering 
Company of England, and was engaged by 
it in work upon the power house of the 
Bombay Electric Supply and Tramways 
Company. Another year was spent as 
electric foreman of the Simplex Conduits 
Limited. Engaged with the Tata Hydro¬ 
electric and Power Supply Company, 
Bombay, Mr. Wadia worked for three years 
upon the erection of substations. From 
1914 to 1915 he was electrical supervisor 
for the Bombay Government Public Works 
Department, and for the next two years 
he was engaged with the Tata Hydroelec¬ 
tric Company as mill inspector in charge of 
electrically driven mills. In 1917 he entered 
the military works service at Karachi, as¬ 
suming charge of all electrical and mechani¬ 
cal work in connection with machinery and 
shipments,, erecting and maintaining the 
electrical installation connected with the 
Karachi concentration and rest camps. 

He also had charge of a 3-ton ice plant, 
both in its erection and maintenance. 


high speed apparatus. He also developed 
special designs and applications of governors 
and lubrication devices for turbines. Mr. 
Hamilton left the General Electric Com¬ 
ply in 1909 to engage with the power 
division of the' Westinghouse Electric 
and Manufacturing Co., Washington, D. C. 
on similar work in the design of d-c. and a-c.’ 
turbo-generators of the engine and water¬ 
wheel types. From 1910 to 1920 he worked 
on Ihe design of power projects and the 
application of all types of power apparatus 
for the United States government, including 
the design of several complete plants. 
In 1917 he submitted a report to the chief 
of engineers, U.S.A., on the Potomac 
River hydroelectric development; this 
work was combined with laboratory ex¬ 
perimental fixation of atmospheric nitrogen 
and with a study of an additional water 
supply for the District of Columbia. The 
year 1920 found him doing engineering 
work on generation and distribution of 
power from Wilson Dam, Muscle Shoals. 
For four years from 1917 to 1921, work on 
geared, electric and Diesel-electric marine 
drive, and auxiliaries for Navy vessels nnH 
the Merchant Marine occupied him; in 
fact as early in his career as when he was 
with the General Electric Company, Mr. 
Hamilton was responsible for the turbine 
design of horizontal turbo-generator sets 
for ships use. 
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Brace Hayden Hamilton (M’22) man¬ 
ager of the Washington, D. C., office of the 
Westinghouse Electric and Manufacturing 
Company, died March 21, 1932, in that 
He was bom in Buffalo, N. Y., May 
19, 1877, and after graduation from Cornell 
University with the class of 1899, he joined 
the General Electric Company for work on 
the design of d-c. and a-c. motors and 
generators. From 1902 to 1908 he special¬ 
ized on turbo-generators and was involved 
m -tiie supervision of special tools and 
methods essential to the construction of 


Jesse Harris (M’27) who has been 
engineer in charge of development for the 
Duncan Electric Company, Lafayette, 
Ind., died February 15, 1932. He was 
bom in Albany, N. Y., March 10, 1864; 
his schooling, the equivalent of a college 
education was Supplemented by technical 
study. During the year 1888 he was en¬ 
gaged in general electrical contracting in 
Albany, and two years later entered the 
experimental department of the Thomson- 
Houston Electric Company at Lynn, Mass. 
In a. year’s time he had advanced to the 
position of assistant foreman of the meter 
department, thereafter becoming foreman of 
the instrument department. Returning to 
Albany, he was electrical engineer and super¬ 
intendent of the Federal Instrument Com¬ 
pany, and later electrical engineer of the Don- 
gan Instrument Company. In 1907 he went 
to Lafayette, Ind., to develop recording 
instruments for the Central Laboratory 
Supply Company and the following year he 
joined the Duncan Electric Company, with 
which he remained for ten years as superin- 
tendent and fifteen years as chief develop¬ 
ment engineer on a-c. and d-c. meter 
development. Mr. Harris held twenty or 
more patents on various metering devices, 
one on a synchronous induction motor and 
another on a special system for operating 
a-c. . motors from d-c. sources. He was 
considered a master technician in his line 
and did much excellent work in the correc¬ 
tion of temperature errors in watthour 
meters. While with the Duncan company 
he was responsible for most of its design and 
development work. 


Thomas Fotjxkes (A’08, M’13) founder 
of the Foulkes Electrical Company) Los 
Angeles, 0 Calif., and a man who accom- 
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plished much, of the pioneer work of the 
West in electrical engineering, died Mhrch 
14,1932, at the age of 80. He was bom in 
England, receiving his early education in 
the common schools and partly at night 
school. He started his electrical work in the 
early days of the industry with the Citizens 
Electric Light Company, at Helena, Mon¬ 
tana; then he spent a year with the Edison 
Company at Tacoma, Washington, a year 
with the Thomson-Houston Company, 
at Portland, working on the installation oh 
isolated plants, and afterward some time 
with the General Electric Company. He 
was manager of the Baker City Electrical 
Light Company, Ore., engineer of the Hill 
House Hotel at Tacoma, Wash., and chief 
engineer of the Portland Hotel at Portland, 
Ore. He later went to southern California 
where in 1894 he became chief engineer 
of the municipal electrical plant at Pasa¬ 
dena. Two years later he bought an elec¬ 
trical business in that city, and in 1897 
opened an electrical supply business in 
Los Angeles with a factory at Naud Junc¬ 
tion. The factory was discontinued in 
1899, and from then on the activities of the 
Foulkes Electrical Company were devoted 
exclusively to electrical engineering, design, 
and installation. Mr Foulkes was the 
first president of the Los Angeles board of 
public utilities. 


Max Neuber (A’08, M’31) experimental 
engineer of the Moto Meter Gauge and 
Equipment Company, Toledo, Ohio, and 
secretary-treasurer of the Institute’s Toledo 
Section, died April 4, 1932, at his home in 


that city. Mr. Neuber was bom in Leipzig, 
Germany, and came to this country in 1889, 
his education including two years’ schooling 
in Germany and six years in the public 
schools of Toledo, Ohio. He started to 
work in the factory in which his father was 
machinist, attending night school at the 
Toledo manual training school; he took up 
mechanical drawing and machine work also. 
This was followed by a correspondence 
course in mechanical aqd electrical en¬ 
gineering. Ry the time he had been in 
business eleven years he was operating 
machine works which involved a number 
of his own. inventions, including an electric 
button machine and a water filtration 
system. Mr. Neuber leaves behind him a 
record of loyal service ,to the A.I.E.E. 
Section of which he was an officer, as well 
as an appreciation of the spirit of fellowship 
with which he inspired his many friends, 


Marvin C. Ansteth (A’30) assistant 
superintendent of the western division of 
the Niagara, Lockport, and Ontario Power 
Company, Lockport, N. Y., died April 1, 
1932 at Lockport. He was 36 years old 
and was born in Buffalo, N. Y., where he 
passed through elementary school and 
three years of technical high school. In 
1915 he engaged with ■'the Westinghoiise 
Electric and Manufacturing Company at 
Buffalo, and two years l|,ter joined the 
Niagara, Lockport and Ontario Power 
Company as assistant superintendent of 
its Lockport-Mortimer districts. His af¬ 
filiation 'With this company represented an 
uninterrupted period of service. 


Local Meetings 


Student Convention 
at Haverford College 


Future 


The eighth annual local student convention 
sponsored by the Philadelphia and Lehigh Valley 
Sections was held at Haverford College on March 
14, 1923, with eight schools participating: namely, 
Delaware, Drexel, Haverford, Lafayette, Lehigh, 
Pennsylvania, Princeton, and Swarthmore. The 
program of the morning session was as follows: 

Thyritb Lightning Arresters, by Albert Werner, 
Drexel Inst. 

Ship Stabilizing Devices, by W. J. Henderson, Jr., 
Univ. of Pa. 

Solving Polyphase Problems by Symmetrical 
Components, by W. M. 'Dudley, Swarthmore 
Col. 

Electricity in Aviation, by L. F. Underwood, 
Lehigh Univ. 

’Those attending the convention were guests of 
Haverford College at luncheon, afterward separat¬ 
ing into groups, according to preference, to-visit 
the Plymouth Meeting substation of the Phila¬ 
delphia Elec, Co., high speed electric railway of 
the Philadelphia & Western RR. Co., Wayne Junc¬ 
tion substation, Beil Telephone Co., and RCA 
Victor Co. Following dinner at the Engineers 
Club, Dr. W. E. Wickenden, president. Case School 
of Applied Science, gave an address entitled "The 
Engineer’s Professional Status.” The registration 
was 160. .a 


M 


eetings 


Akron 

May 10—Annual banquet and ladies’ night. 
Human Engineering, by Dean Fred E. Ayer, 
Univ. of Akron. Movies. 

Baltimore 

May 20—Speaker: Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres. A.I.E.E. 

Cleveland 

May 19 —Subject and speaker to be announced. 
Detroit-Ann Arbor 

May 17 —Hou3b op Magic, by Oliver Ajer, Genl. 
Elec. Co. ••••••■•. 

June 21—Spring frolic. 

Lehigh Valley 

May 13— High Voltage Cables, by D. M. 
Simmons, G-enl; Cable Corp. Meeting to be held 
at Atnericus Hotel, Allentown, preceded by dinner;. 

Louisville ./"c:... '/ ' 

May 13—Dial Telephone Equipment, in' 


Louisville. Speaker from the Southern Bell Tel. 
& Tel. Co. 

June 3—Recreation meeting. 

Pittsburgh 

May 10—Annual banquet and ladies’ night. * ‘ 
Seattle 

May 17—Address by L. SaVovi, Hooker Electro- 
Chem. Co. * 

Spokane » 1 

May % 27—Annual dinner meeting. History op 
the Electrical Development op, the Inland 
Empire, by John B. Fisken. Election of officers. 
Vancouver 

May 21—Annual outing to thi Baker River Plant 
of the Puget Sound Pwr. & Lt. Co. 

June 6—Annual dinner. 


Past 

Section IVteeiin.c|rs! 


Baltimore 

Some Features op Interest in Motor Driven 
Water Pumping Stations, by Leon Small, 
water engr.. City of Baltimore. Dinner. Feb. 10. 
Att. 74. 

The Naval Engineering Experiment Station, 
by Capt. H. R. Greenlee, director. Inspection 
trip through the naval station. March 18. Att. 
72. 

Boston • 

The Osaqb River Development, by A. A, 
Northrop, H. B. Wood, H. O. Murphy, all of Stone 
& Webster Engg. Corp. Motion pictures. Feb. 
16. Att. 206. 

Short Time Phenomena With Relation to 
Recent Developments in Circuit Interruption, 
by Joseph Slepian, Westinghouse Elec. & Mfg. Co. 
Films—"Pole-Pushers in Puget Sound” and "The 
Magic of Communication." March 8. Att. 165. 
Chicago 

The Electrical Industry op Today, by’C. E. 
Skinner, pres. A.I.E.E., asst, director of engg., 
Westinghouse Elec. & Mfg. Co. Joint meeting 
with Western Soc. of Engrs. March 25. Att. 
108. 

Cincinnati 

Steel Research in Electrical Manufactur¬ 
ing, by J, Fletcher Harper, Allis-Chalmers Co. 
Dinner. March 10. Att. 60. 

Electrons at Work and Play, by Phillips 
Thomas, Westinghouse Elec. & Mfg. Co. Demon¬ 
strations. Joint meeting with Engrs.' Club of 
Dayton. April 7. Att. 300. 

Cleveland 

Non-destructive Magnetic Testing op Fer¬ 
rous Materials, by J. Kacmarik, Jr., student; 
The Practical Significance op Dielectric 
Power Factor, by R, W. Schindler, student; 
Ether Drift and Relativity, by Dr. Daynton C. 
Miller, Joint meeting with Case Sch. of App. 
Science Branch. March 24. Att. 199. 

Columbus 

Engineering in the Foreign Field, by H. W. 
Bibber, Ohio State Univ. Joint meeting with 
Engrs. Club of Columbus. March 18. Att. 39. 

Connecticut 

Air Conditioning, by E. D. Milener, Am. Gas 
Assn., and W. K. Keplinger, Carrier Engg. Corp. 
March 15. Att. 150. 

Dallas ** 

Underground Construction and Cable De¬ 
velopment, H. K. Doyle, Dallas Pwr. & Lt. Co. 
March 21. Att. 78, 

Detroit-Ann Arbor 

Vacuum Tubbs and Thber Application, by 
E. H. Vedder, Westinghouse Elec. & Mfg. Co. 
Joint meeting with I.R.E. March 15. Att. 450. 

Denver - 

Electric Steel, by J. E. Holtman and Jv H. 
Spillane, Am. Manganese Steel Gp, . Dinner. 
March 18. Att, 34. 
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Thb X-ray in Industry, by E. W. Page, Genl. 
Elec. X-ray Corp. March 15. Att. 85. 

Fojt Wayne 

Thb Industrial Applications op Vacuum 
Tubbs, by L. A. Hawkins, Genl. Elec. Co. March 
3^ 4tt. 95. * 

Houston # 

High Pressure Stbam System at Deepwater, 
by H. G. Hiebler, Houston Lighting & Pwr. Co. 
Inspection of the plant. March 18. Att. 84. 

Iowa 

E. O. Schreve, Genl. Elec. Co., reviewed recent 
advances made in tne development of new products 
and the improvements in design and manufacture 
of existing apparatus. Joint meeting with Iowa 
Stat^, Col. Branch. March 1. Att. 58. 

Thb Elbctrica). Industry op Today, by Dr. 
C. E. Skinner, pres. A.I.E.B., assist, director of 
engg., Westinghouse Elec. & Mfg. Co. March 23. 
Att. 30. 

Kansas City • 

Thb W«rld op Electronics, by L. A. Hawkins, 
Gen. Elec. Co. Joint meeting with Engg. Societies 
of Kansas City. Feb. 29. Att. 810.' 

Surgb Proof Transformers, by H. V. Putman, 
Westinghouse Elec. & Mfg. Co. March 18. Att. 
65. 

Los Angeles 

Annual Student meeting under the auspices of 
the Calif. Inst, of Tech, and the Univ. of Southern 
Calif. Branches. Somb Phases of Institute 
Work, by A. W. Coplby, Westinghouse Elec. & 
Mfg. Co., vice-pres. A.I.B.E.; Electrical De¬ 
hydration, by M. S. Hodge, kudent, C. I. T.; 
Study op Pasadbna Distribution, by A. Butler, 

L. J. Wright, B. G. Olinstud, and D. E. Batchelder, 
students, C. I. T.; Retardation Method of 
Testing Rotating Machinery, by W. W. Austin, 
student, U. S» C.; Mathematical Analysis of 
Retardation Method, by G. R. Little, student, 
U. S. C. Dinner. March 8. Att. 106. 

Louisville 

The following papers presented by students of 
the Univ. of Louisville: The Life of Stbinmbtz, 
by C. D. Eldridge; The Life of Marconi, by 
K. A. Dick; The Life of Faraday, by W. G. H. 
Stafford; Theory of Operation of the Thyra- 
tron Tube, by P. Frank; Electrical Eye by 
Mr. Best. Motion pictures and demonstrations. 
March 18. Att. 66. 


Miracles in Nature, by A. C. Pillsbury. 
Demonstrations. March 9. Att. 1200. 

The Comparison of Radio Frequencies, by 
R. S. Davidson; Some Physical Characteristics 
of Parts Molded From Phenolic and Resinous 
Compounds, by A. White; Significance of Noise 
Measurements, by K. H. Pratt; Mechanical 
Effects of Ovbrcurrbnt Current Transform¬ 
ers, by A. T. Sinks, aU of the Genl. Elec. Co. 
March 23. Att. 300. 

Madison 

The Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst, director of engg., 
Westinghouse Elec. & Mfg. Co. March 18. Att. 
57. 

Memphis 

Film—“All Steel Electric Welded Houses.” 
March 8. Att. 30. 


Milwaukee 

A Modern Larob Electrical Shovel, by P. S. 
Stevens, Bucyrus-Erie Co. Moving pictures! 
Feb. 10. Att. 65. 

Space Cooling With Ice, by A. J. Authenrieth. 
Middle West Utilities Corp. Feb. 17. Att. 250. 

Minnesota 

ThS Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst, director of engg., 
westinghouse Elec. & Mfg. Co. Dinner. March 

Niagara Frontier 

High Spots in the Design of Steam Electric 
Power Plants, by I. E. Moultrop, Edison Elec. 
Ill. Co. of Boston, vice-pres. A.I.B.E, Dinner. 
March .10. Att. 55: 

Oklahoma City 

TheElectrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst, director of engg., 


Westinghouse Elec. & Mfg. Co. *Feb. 29. .Att. 
L 11S * 

Portland 

*^ >HB Trend in Power Plant Development, by 
c W. F. Hynes, Genl. Elec. Co. March 15. Att. 
i 76. 

Providence 

Vertical Transportation, by A. S. Noyes, 

Otis Elev. Co. Dinner. March 8. Att. 40. 

• • 

St. Louis 

SurobsProof Transformers, by H. V. Putman, 
Westinghouse Elec. & Mfg. Co. March 16. Att. 
t 96. • 

J San Antonio 

i Installation and Operation of Electrical 
Equipment on Battleships, by E. M. See, Genl. 
Elec. Co. March 28. Att. 18. San Francisco, 

San Francisco 

Principles of Flight and Recent Develop¬ 
ments in Aeronautics, by Prof. E. G. Reed, 
Stanford Univ. March 25. Att. 68. 

Seattle 

Overseas Telephone Service of the Bell 
System, by W. H. Harrison, Am. Tel. & Tel. Co. 
Joint meeting with I.R.E. Feb. 19. Att. 250. 

Timber Utilization, by C. W. Hogue, West 
Coast Lumberman's Association; Forestation, 
by Dean H. Winkenwerder, Univ. of Wash. Joint 
meeting with A.I.M.E., A.S.C.E., and A.S.M.E. 
Sections. March 21. Att. 115. 

. Sharon 

The Expanding Universe, by F. C. Jordan, 
director, Allegheny Observatory. March 22. 
Att. 800. * 

Southern Virginia 

Joint meeting with A.S.C.E. and A.S.M.E 
Sections, and Enfrs.’ Club of Hampton Roads. 
Friday morning, Cedi Gray, chmn., So. Va. Section, 
A.I.E.E., presiding: History op Sound Pictures, 
by J. R. McLemroe, Electrical Research Products, 
Inc. Business meetings. Luncheon, W. P. Tun- 
stall, pres. Engrs.' Club of Hampton Roads, pre¬ 
siding: Welcome address by C. B. Borland, direc¬ 
tor of Public Safety, City of Norfolk; More Land- 
mams for THE Seafarer, by Lieut. E. B. Roberts. 

U. S. Coast and Geodetic Survey; News, by W. R. 
Harris, Norfolk Virginian-Pilot. Friday afternoon. 
Motor bus trip to Great Bridge, Va. Friday even- 
ing, dinner. Prof, A. F. Macconachie, Univ, of 
Va., presiding: B. M. Hastings, A.S.C.E., toast¬ 
master, Water Purification and Its Relation 
to the Pubwc Health, by Prof. J. H. Gregory, 
Johns Hopkins Univ.; Human Engineering, by 
G. Guy Via, Newport News Shipbuilding and Dry 
Dock Co. Saturday, Golf and visits to places of 
interest in the vicinity. March 25-26. 

Spokane 

rr S 2 M ~ DBVBL0PMBNTS IN Talking Pictures, by 
K. P. Kenworthy, student; The Calibration of 
a Dynatron Oscillator From Broadcast 
Harmonics, by M. Herr, student; Power System 
Frequency Control, by C. Cannon, student. 1 
Joint meeting with Univ. of Idaho and Wash. 

St. Col. branches. March 25. Att. 60. 

Springfield d 

Development and Application of Photoblbc- ! 
tric Cell, by A. R. Olpin, Bell Telephone Co. 

Jan. 11. Att. 122. ^ 

Television—Its Fundamental, Physical, and , 
Psychological Principles, by J. O. Perrine, 1 
Am. Tel. & Tel. Co. Feb. 8. Att 650. 

Toledo i 

_ Inspection trip through the Rossford plant of I 

Att 800 y ° WenS ]F ' 0rd Glass Co - March 22. 


Washington 

Tfis Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst, director of 
engg., Westinghouse Elec. & Mfg. Co. Film— 
“Dynamic America.” March 8. Att. 75. 


Paus* 

BrancL 


Toronto 

The Elevator or Vertical Transportation, 

w J' Elll3 ‘ otis Tensome Elev. Co. IIlus. 
March 11. Att. 59. 

Electrical Features op New Plants, Mining 
A ip Smelting Division, by W. E. Gillespie, Inti. 
Nickel Co. Aprils. Att.57. 

Vancouver 

Carrier Current Telephony, by H. M. Van 
Allen, student; Thb Thyratron Tube, by J. W. 
McRae, student; Dust Precipitation by Elbc- 
trioty br J. D. Mitchell, kudent. Jouit meet- 
ing with Univ. Of British Columbia Branch. March 

7, Att. 57. 


Alabama Polytechnic Institute 

Locating Interference in Radio Receiving 
Sets, by Prof. J. C. McKinnon; Keeping the 
Right-Of-Way Clear for Power Lines, by R. P. 
Lapsley, student. March 10. Att. 19. 

. History and Development of the Clock, by 
T. Fullau. March 24. Att. 18. 

of °. fficers: R - W. Wages, chmn.; 
'*■ W. Stickler, vice-chmn.; J. W. Solomon, secy.- 
, treas. March 31. Att. 25. 

University of Alabama 

Audible Light, by J. B. Taylor, Ccnl. Rlec. 
Co. Feb. 20. Att. 1200. 

Discussion. March 14. Att. 12. 

University of Arizona 

History, Purposes, and Characteristics of 
tor A.I.E.E., by Prof. J. C. Clark, counselor. 
Election of officers: p. F. Hawley, chmn.; B. 
Watkins, vice-chmn.; J. Jones, secy.-treas. Feb. 
5. Att. 7. 

Stbinmbtz, by Bruce Watkins, student. Feb. 
12. Att. 6. 

Faraday, by H. E. Stewart, student. Feb. 19 
Att. 7. 

Westinghouse. by J. Jones, student. Feb. 26. 
Att. 6. 

Lammb, by R. H. Carson, student. March 4. 
Att. 9. 

Discussion. March 11. Att. 8. 

Diesel Enoinb Generating Plant op thb 
Tucson Gas, Electric Light and Power Co., by 
Bruce Watkins, student. March 18. Att. 7. 

University of Arkansas 

Outdoor Lighting, by W. C. Warram, student; 

^ AH> recht, student. March 

Harmonic Analysis, by J. H. Nelson, student; 
Photoelectric Culls, by L. Williams, student; 
Commutation, by J. A. Hays, student. March 21. 
Att. 25. 

Radio Beacons, by N. F. Bolling, student; the 
Permsambtbk, by G. G. Farris, student; Mbrcury 
Arc Lamp, by J. C. Howard; Rural Electrifica¬ 
tion, by Mr. Robinson, student; Iron Losses, 
by L. Hildebrand, student. April 4. Att. 24. 

Armour Institute of Technology 
Development of Underground Power Cables 
and Their Use by thb Commonwealth Edison 
Co., by Herman Halperin, Commonwealth Edison 
Co. March 4. Att. 40. 

Automatic Elbvator Control, by L.' O. Sinder- 
son, Genl. Elec. Co. Joint meeting with A.S.M.B. 
Branch. March 18. Att. 33. 

Generating Stations of thb Edison Com¬ 
pany, by E. Peterson, Commonwealth Edison Co. 
April 1. Att. 40. 

University of British Columbia 

Election of officers: J. W. McRae, chmn.; 

H. C. Freedman, sec’y. March 23. Att. 19. 

Brooklyn Polytechnic Institute 
Communication With Quasi Optical Waves, by 
L. DeRosa, student; Electro-Anesthesia, by A. 
Cross, student; The Barkkausbn Effect, by 
H. Beckman, student; Frequency Control by 
Use of a Thyratron Tube, by R. Buehl, student. 
March 16. Att. 43. 

Constant Current Transformer, by V. D’Ag¬ 
ostino, student; Repairing a Submarine Cable, 
by H. Hoffman, student; Thb Lifb of Stbinmbtz, 
by L. Higgins, student. March 23. Att. 49. 

Bucknell University 

J. M. Dobbie elected chairman. March 11. 
Att. 12r 
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University of California 

Thb Usb of Telephone Circuits in the Trans- 
mssroN of Radio Programs, by I. B. Cave, Pac. 
I el. « Tel. Co.; Pressure Phenomena in Oil 
Circuit Breakers, by E. Atkinson, student. 
March 10. Att.85. „ 

Thb Development of the Pit River by the 
Pacific Gas & Electric Co., by E. A. Crellin, 
Pac. Gas & Elec. Co. March 24. Att. 28. 

Carnegie Institute of Technology 

The Electrical Engineering Graduate by 
Dudley, Westinghouse Elec. & Mfa.’Co 
March 9. Att. 17. , 

Case School of Applied Science 

NON-DBSTRUCTIVB MAGNETIC TESTING, by J 
Kacmarik, Jr., student; The Practical Signify 
cancb of Dielectric Power Factor, by R. W. 
Schindler, student; Ether Drift and Relativity! 
by Dr. D. c. Miller. Joint meeting with Cleveland 
Sec. March 24. Att. 180. 

Clarkson College of Technology 

Demonstrations. March 1. Att. 71. 
Demonstrations. March 7. Att. 52. 

University of Colorado 

How Radio Has Affected Modern Property 
Relations, by Dean Stearns, Univ. of Col. Law 
Sch. March 9. Att. 30. 

Cooper Union 

Inspection tour of the East River Generating 
Statmn of the N. Y. Edison Co. February 15. 
Att. 12. 

University of Denver 

Advantages of the G. E. Test Course for 
Graduate Engineers, by M. M. Boring, Genl 
Elec. Co. March 8. Att. 36. 

University of Detroit 

Thb Talking Movies, by C. L. Strong, Elec. 
Research Prod., Inc. Demonstrations. April 6. 
Att. 65. 

University of Florida 

The Correlation of Solar Disturbances 
With Radio Transmission, by J. L. Wolcott, stu¬ 
dent. March 23. Att. 17. 

. F ^ S T“ I . S ^.Y 0U Cal,in 8 Me” and "Pictures 
by Wire.” April 4. Att. 38. 

Georgia School of Technology 

Problems Encountered in Network Broad¬ 
casting, by J. W. Hutchinson, Am. Tel. & Tel 
Co. March 22. Att. 63. 

Harvard University 

Arc Welding, by Prof. C. A. Adams. March 
lo. Att. 31. 

Inspection trip to the L Street plant of the Edison 
Elec. Ill. Co. of Boston. March 29. Att. 12. 


Lafayette College 

»H. Welsh elected chairman. March 11. 
Att. 25. 

Short Wave Radio Stations, by C. Markley, 
student. March 17. Att. 20. 7 

Lehigh University 

•Electrical Aids to Aviation, by L. F. U&der- 
wood, student; Engineering Education for 
Civic Usefulness, by O. W. Eshbach, Am. Tel. 8c 
Tel. Co. Illus. March 11. Att. 70. 

Lewis Institute a 

n A r C * ^ow . Volta gb Network Systems, by 
J-' DeBever, student. March 3. Att. 30 
Power Development in the Chicago Area, 
by W. S. Monroe, Sargent & Lundy Co. March 
18. Att. 175. 

University of Louisville 

, Parad.ay, by W. H. Stafford, student; Marconi, 
by Mr. Sutt, student; Stbinmbtz, by Mr. Eldredge, 
student. March 14. Att. 21. 

Massachusetts Institute of Technology 

Modern Uses of Electricity in Medicine, by 
E. W. Schafer, student. March 15. Att. 60 
Inspection trip through the Bowdoin Square ex- 

23 Att* 25* NeW England TeI - & Tel * Co. March 

Vertical Transportation, by H. S. Duncan, 
student. Dinner. March 30. Att. 35. 

Michigan College of Mining and Technology 
Electricity in the Army, by C, W. Ball. Prof. 
„V. Swenson ’ counselor, gave a report of the 
A.I.E.E. winter convention held in New York 
March 3. Att. 20. ' 

University of Mich2gan 

The Place of Organized Research in Modern 
Industry, by R. Foulkrod, Michigan Bell Tel, Co. 
March 3. Att. 60. 

Radio Experiences With Sarwood, by E. B 
Etchells, student. March 24. Att. 10. 

Films—"Automatic Arc Welding,” "Automatic 
Substations” and ”The Greater Campus.” April 
5. Att. 40. 

Milwaukee School of Engineering 

Progress Made in Communication to Auto¬ 
mobiles by Radio, by H. Wareing, Milwaukee 
Police Dept. March 9. Att. 94. 

Missouri School of Mines and Metallurgy 
Motion pictures. March 9. Att. 13. 

Exhibits. March 18. Att. 150. 

Dynamometer, by Joseph Worley, Emerson 
Elec. Co. April 1. Att. 25. 


University of Illinois 

Problems in the Operation of Distribution 
Systems, by L. Shapiro, Central Ill. Pwr. & Lt. Co. 
March 9. Att. 40. 

University of Iowa 

Advance in the Art of Steam Generation of 
Electric Power, by J. M. Dr&belle, Iowa Ry. 8c 
1*t. Co. March 2. Att. 39. 

Photoelectric Cell, by D. E. Duckett, student; 
Wirb Transmission Regulating Systems, 
by W. C. Davie, student; Some Experiments 
Performed on Lightning, by P. A. Colony, stu¬ 
dent. March 9. Att. 36. 

The Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., and asst, direc. of 
engg., Westinghouse Elec. & Mfg. Co. March 
22. Att. 166. 

The Present Practises in the Installation 
of Power Cables, by W. H. Carl, student; In¬ 
juries From Surge Discharges, by J. B. Cutler 
student; The Cascade Tunnel, by W. A. Benin- 
cosa, student; Telephone Repeater Stations, by 
A. O. Behnke, student. March 30. Att. 37. 

Kansas State College 

The Recent Supreme Court Decision and the 
Kansas Public Utility Commission, by Prof. 
R. G. KloefBer, counselor; Electric Clocks, by 
Mr. Elwell, student. March 10. Att. 34. Pro¬ 
gram repeated same evening. Att. 34. 

University of Kansas 

Automatic Substations, by Prof. R. W. Warner; 
Crystals and Characteristics of Crystal 
Control Circuits, by E. Kelley, students March 
17. Att. 39. 


May 1932 

A 


Montana State College 

A New Oscillator for Broadcast Frbqubn- 
ky Carl Wall; Means of Photographing 
Oscillograms, by R. Wells; Reducing Trans¬ 
mission Line Radio Interference, by R. Wyman• 
Transmission and Liohtino Studies, by H. Bow¬ 
man; Electricity From the Sun, by J. Cromer- 
Two Way Television, by T. Degenhart; all stu¬ 
dents. Feb. 11. Att. 94. 

Electrification of Steam Railroads, by P 
Alfers; Safety in the Air, by L. Eisele; Electri¬ 
fied Ice Plant, by C. L. Grebe; Teletypewriter 
Service, by M. Hilden; Floating Motor Drive 
Base, by G. Huizinga; Achievements in Elec¬ 
trical Engineering in 1031, by J. D. Mathews; 
A Floating Electric Power Plant, by G. Mi- 
sevic; Photoelectric Control, by J. Norlin- 
all students. Feb. 18. Att. 05. 

University of Nebraska 

Airships and the U.S.S. Akron, by V. R 
Jacobs, Goodyear Zeppelin Corp. Motion pic¬ 
tures. March 23. Att. 175. 

Newark College of Engineering 

Carrier Currents, by C, H. Stephan, student; 
Electrically Driven Ships, by W. Arnott, stu¬ 
dent; Mercury Arc Rectification, by J 
Hoerter, student. March 14. Att. 24. 

Telemetering, by W. DeRitter, student; Syn- 
chronous Reproduction op Sound, by W. H. 
Gaeckler, student; X-rays, by H. Dorhmann, 
student. March 28. Att. 10. 

College of the City of New York 

Vacuum Tube Applications, by W. C. White. 
Genl. Elec. Co. March 10. Att. 150. 

Oh-Electric. Locomotives, by Mr. Garrison. 
Ingersoir Rand Co. March 17. Att. 34. 

Power House Design, by Mr. Warren; Genl. 
Elec. Co. Illus. March 24. Att. 27. 


North Carolina State College 

* EroA °^ stino - H - K. Carpenter, mgr. radio 
station WPTF. March 1. Att. 30. 

University of North Dakota 

a*?*io USS * 0Q and mot ‘ on pictures. March 16. 
Att. 12. ^ 

Electric Arc Welding, by R. D. Floranee, stu- 
dent; Remote Wattmeter Reading, by D. F. 
Field .^student. Marclf 30. Att. 16. 

Northeastern University 

Engineering in Japan and Korea, by Prof. 

E ; £ ennelI y* Harvard Univ. Refreshments. 
March 23. Att. 76. 

Ohio State University * 

Election of officers: Len Winkler, chmn.; Charles 
McCarty, secy.-treas. March 10. Att. 25. 

Oklahoma A. & M. College 

Noise Induction Demonstrations, by C E 
Bathe, Okla. Gas 8c Elec. Co. and E. B. Jennings' 
Southwestern Bell Tel. Co. Feb. 1. Att. 14. * 
Experiences Since Leaving College, by Mr 

Feb “b SU Att °2 0 POWer Plant ° n tolleffe cam P ua - 
Battleships—Their Construction and Spe¬ 
cial Features, by G. W. Whiteside. March 14 
Att. 25. 

Oregon State College 

Safety Education of Engineering Students 
by Walter Smith, Mountain States Pwr Co • 
First Aid in Industry, by F. P. White, Moimtain 
States Pwr. Co. Feb. 25. Att. 28. 

Pennsylvania State College 

The Klydonooraph and Its Use in Measuring 
Lighting Surges, by C. E. Laedlin. R. J. Maynard, 
and J. W. Hostetter, students; Study of Commu¬ 
tator Riffles and Their Effects, by R. Carl¬ 
son and D. H. Smith, students. March 18. Att. 
44. 

University of Pittsburgh 

Recent Developments in Science, by L. Col¬ 
ton, student. March 3. Att. 122. 

Economics of Electrification, by Dr. Fitz¬ 
gerald, Western Maryland R.R. March 10. Att. 
116. 

Musical program. March 17. Att. 120. 
Alternating Current Electrification of 
Railroads, by H. M. Blackburn, student. March 
31. Att. 124. 

Pratt Institute 

Gyro-Stabilizers, by G. H. James, student. 
March 17. Att. 02. 

Employment of Pratt Graduates, by H. P. 
Miller, instructor. March 31. Att. 75. 

Rensselaer Polytechnic Institute 
Recent Developments in Oscillographs, by 
A. D. McAffer, Genl. Elec. Co. Demonstrations. 
Feb. 23. Att. 40. 

Rhode Island State College 

Growth of the Electrical Industry, by Prof. 

A. E. Watson, Brown Univ. March 3. Att. 21. 

Photoelectric Cell, by J. F. Schmidt, student; 
Experiments Performed on the Banking of 
Transformers, by G. E. Andrews, Jr. and E. H. 
Long, students. March 17. Att. 18. 

Business meeting. March 31. Att. 0. 

Election of officers: L. M. Lang, chmn.; J. P. 
Costanza, vice-chmn.; W. J. Daly, secy.-treas. 
April 7. Att. 12. 

Rice Institute 

Dr. C. E. Skinner, pres. A.I.E.E., asst, director 
of engg., Westinghouse Elec. & Mfg. Co., outlined 
the present status of the electrical engineering field. 
Dinner. Feb. 24. Att. 43. 

Problems Encountered in Constructing a 
Television Transmitter, by F. Kennedy, stu¬ 
dent. March 9. Att. 22. 

Rutgers University 

Harmonic Analysis Via Fourier Series, by 
F. P. Fisher, student. March 8. Att. 15. a 
The Theory op Magnetization and Related 
Phenomena, by C. I. Bradford, student. March 
15. Att. 15. 

University of South Carolina 

The Engineer’s Job in Times of Economic 
Depression, by C. H. Moorefield. Joint meeting 
with A.S.C.E. Branch. March 17. Att. 101. 

Coordination of Lioht and Music, by W. J. 
Valentine, student; Is the Steam Train Engine 
Doomed? by W. G. Shannon, student; Electronic 
Equipment in Train Control, by A. G. Daniels, 
student; Life and Works of W. S. Lee, by G. W. 
Arrants, student. March 23. Att. 31. 
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Methods op Welding, by J. R. Hopkins, stu¬ 
dent; Corona Losses, by W. V. Farnum, student; 
Seeing the World With a Flying Camera, by 
T. K. Swygert, student; Cable Sheath Corro- 
• sion in Underground Conduits, by C. L Brad¬ 
ley, student. March 30. Att. 36. 

Business meeting. April 7. Att. 14. 

Sdoth Dakota State School of Mines 

H - L - Fr y elected chairman. March 23. Att. 

* 

Inspection trip through the Homestake mine. 
March 28-29. Att. 36. 

University of Southern California 

Theatrical Illumination, by L. O. Nauman 
Otto K. Olsen Elec. Co. Feb. 17. Att. 31. 

Thermionic Vacuum Tubes and Their Ap¬ 
plication to Industry, by W. A. Grimes, West- 
raghotise Elec. & Mfg. Co. Feb. 24. Att. 25. 
Discussion. MaTch 2. Att. 18. 

Stevens Institute of Technology 

Modern Developments in Organic Chemistry, 
by Frof. F. .J, Pond. Luncheon. March 15 
Att. 38. _ 

Syracuse University 

Protective Relays, by L. M. Kenan, student; 
Lightning, by F. J. Conklin, student. March 4 
Att. 21. 

Sound Detection in Water, by H. Francis, 
student; Demonstration of Television Ap¬ 
paratus, by P. Magee, student; Electrical 
Power Consumption During Depression, by 
F. T. Burroughs, student. March 18. Att. 21. 

The Jet Rectifier, by A. B. Rowley, student; 
Demonstration of Ability of Insulation to 
Withstand High Voltage, by M. E. Hogan 
student.' March 25. Att. 21. 

University of Tennessee 

Pyrombtry, by P. M. Bell, student. Jan. 28. 
Att. 36. 

Electric Pye, by C. McCord, student. Feb 
11. Att. 47. 

• Audible Light, by J. B. Taylor, Genl. Elec 
Co. March 11. Att. 410. 

Texas A. & M. College 

. _ Po y r ®* Rates, by J. H. Johnson, student. 
March 10. Att. 20. 

Electrical and Industrial Development of 
Southwest Texas, by I. Uhr. Genl. Elec. Co. 
March 24. Att. 85. 

Texas Technological College 

a K ^ n, !? AY Electrification, by T. Haymes, stu- 
entj Engineering as Rblatbd to American 
Industry, by H. Gray, student; The Life of 
Michael Faraday, by J. p. Conner, student. 
March 23. Att. 20. 

The Financial Structure of a Utility Com¬ 
pany, by H. D. Woods, Texas Utilities Co. April 
o. Att. 26. 

University of Utah 

EFFBCnvB Illumination, by L. B. Gawan 
Utah Pwr. & Lt. Co., assisted by C. L. Ellerbeck 
of the same company. March 4. Att. 103. 

University of Vermont 

Prof; Buchanan outlined the uses of the oscillo- 
Match7. d Att^lf disturbances in Power systems. 

The Use of the Inverter in Power Trans- 
mmsion, by G. W. Patterson, student. March 21 

Att. IQ. 

Virginia .Military Institute 

T ^ Tblbp honb, by 

i. H. Harrel, student; The Development of 
Telephone, by J. S. Lay, student®^ 
Measurement of Frequency, by G. S. Bernard 
student; The Development and Use of the 

Jrr'XS'y? 1 -' by H - L - «ud«. 

Virginia Polytechnic Institute 

-Power Locomotives, by W. P. Swartz 
Development of Electrical Power 
at the Conowinoo Power Plant, by R B 
Poque, student; New Telephone C^lb,' hy 

M*^V Se ^r y, ^ dent: Thom as{A. Edison As a 
Man, by N. C. Smoot, student. April 7. Att. 24. 

Washington State College 

Wd 1» York. 

^QOENCY CONTROL, by C 

SS^by k“ P Pict ° m DbvIlo?: 

__ ay ““ “• Kenworthy; student; The 0*,* 
BSATioNa o. m, 


S.T’iT”"’ 5 '?;. I 0 * 0 * meetin * wit h Spokane JUc. 
and Umv. of Idaho Branch. March 25. Att. 57. 

Washington University 

. Van U°delschwingh described the educational 
system used m Germany. Feb. 18. Att 35 
Discussion. Feb. 26. Att. 70. 

West Virginia University 
Westijighouse Electric & Mfg. Co., by E. D. 
Hams; Colfax Power Plant, by p. B. Spangler; 


The AIbsta Machine Co., by L. Palmer; Car¬ 
negie Steel Co., by C. E. Higgins; Develop¬ 
ment of the Steam Turbine, by F. Q. Brown- 
Carnegie Steel Co., by G. E. Hervey; PowdbS 
Fuels and Ash Precipitation, by C. B. Withers- 
all students. April 5. Att. 29. ’ 

University of Wyoming 

hA S w°l°l FlLTER AND Rec ™* Assembly, 
by F. Wickenkamp, student. March 29. Att. 9 ! 




eni ilotes! 



Men 

Available 


Design and Development 

ol 12 y ^‘ Bel1 System, government 
and field experience on sound picture, radio 
a “ d t _ e '? phon . e (manual, dial, mpeater, and carrii? 

= 3 Y ste “ s - and development of 

manual and automatic elec, testing equip. Indus- 

r* 

f^ A ?" , 2 ®’ married > desires position in 
design and development or teaching. One vr 
Westmghouse student course; 6 months’ Westing- 

motore^Tvanah? 011 V / * yl% de *U n of industrial 
C-5051 Available at once. Location, U.S. 

ELEC, 
r. experii 

uguung, elevators, tele- 
Ne^ Y^k U w/ ec °^ d r a - r3 ( systems 

g,""” W~ld«.aoo... “ftonS"Sp?b£ St. 

srad-. 10 yr. experience d-e. substation 
Thorough knowledge of mercury arc 
and rectifier substations, expert drafts- 

5^i^»Hiot°i Wled |p e ot radio, inventor. Available 
immediately. East preferred. B-7332. 

•S' s ‘ n .?. le ' citizen, desires position 
with engg.. mfg., or utility. 0i/ s y r . in Dwrolant 
and substation design. 2 yr. elec., furnaces G E 
engg. courses. Available on short notice!^ C-2710.' 

ENGR -. col. grad., 38, married, 
citizen 15 yr. engg. expenence including 6 vr 
generating. plant and substation design, kn^ 3 w- 
field expenence as tester and supervisor. Desires 

AvaifnhiA W, ’ th u “W-i °r construction firm. 
Available immediately Location, immatS 

Executives ' 

E.E. GRAD., 41, married, E.E.,»A.M 12 vr 

jacpenence test dept, of large itility. 11 yr. teiX 
ing expenence m evemng engg. schools; 3 yr design 
of off-peakdec. storage type ^t« 
heaters, analysis of load curves with a view of im¬ 
proving load factors. Location, immaterial. D-575. 

en?e' : %£ R Etec 36, 10 yr- experi- 

_ en - Y ,ec - Co. design and development of 
elec, measuring devices, desires position with hold 
ing company, utility or mfg. concera Tnvohring 
D- < 607. and eaggr ' ab,hty ' Immediately availabfe* 

Wooid Ufa pWeS^JSh 

S5SuS“Wu“ » wS 

GRAD. B.B., 50, married, 25 yr.- elec' and 

plants, concentrating: and chemical 
plants, design and constrn/»firt« _ 


'/r 


elec*^- 0] EbS;ri A 3 i ^e, 9 yr. experience with 
tion m executive and constriic- 

7 on .. work. Desires connection with future 
Available for work anywhere. D-643; 


ASST., tech. col. grad., 37, 12 yr 

ermr El . D nH ySI 1' SLati ? tic£l1 , a “d financial reMarch.' 
nanv if a “ work. Services Offered to a com- 

nSk^ B-9782 an USe t0 advantage a trained utility 

. E ^; E 9- ENGR., 41, M.E. and E.E. apprentice- 

knd ktilftiSf’ P robI em8, industrial mfg. 

ana utilities. Operation, design, and construe- 

tion’t^ii by 'i’ puIp and paper> mining and concentra- 
ImTustrini «**;• *“> wtter, and refrigeration system. 

WMte Vneint?v5‘ and . cost accounting, production, 
waste-incentive system, reorganization work 

scheduling, production, budgeting, sales. B-7944! 

®-?- GRAD., 37, single, 15 vr etDerleno. 
P Z;n ta i i °- n ' Substation - tefephone equ^; 

ana elec, motor design, elec, motor, venerator n-nri 
transformer test including devkio|S! mfe 

Dowr Se faetor ^ oi!” ^ • Yf '- pos ti» radua te course on 

calcuktion. AvaHablenow. “ocStoSateriah 

e^ l g n /of t JnH :rU f t ‘ 0 i n i; and maintenance. 3 yr. elec! 
B-i379 lndustnal firms. 2 yr. asst, to pwr. engr. 

dJd™'’ °{. IN" I y yr. experience covering 

jOastmction, operation of steam, Diesel 
p ', ants and elec - pumping-stations! 
&t Sh °- W 'owered costs and improved service. 

GRAD., 29, married, 7 yr. broad experi- 
d&^ W mainr sub f a tion, and transmission linc 
major apparatus application, cost estimate, 
and . equip, specifications. Excellent references 
Desires connection with holding company, Sy' 

D-678. r ’ Location - South or East pre“erred! 

-r E e*n Univ. of Md., married, 8 

f/’ 8® n -, experience in construction, design, and 
® f substations for a large utility. Special 
experience in relay protection. Available in 6 wk. 

38 > married, with 13 yr. experience signal 
Experienced inspec- 
methods engr., estimator, develop- 
^*“t and equip, engr.; 6 yr. experience as super¬ 
visor. 6 yr. tech, col. Available at once. C-2982. 

"t 35, married, 3 yr. central station engg. 
9 ons truc:tion. 7yr. pwr. andindu^ 
;™. s t a ti°u wiring diagrams, conduit layouts, sub- 
mp b° n dMign, automatic, and supervisory equip- 
i n ’ afectnfications. Foreign languages. 
Availabie on short notice. Location, immltS 

exSriin gr AD., married, 22 yr. 

des, 8Uing, construction pwr. plants, 
fndn«tWo? S \ transmission, distributmn system, 
industrial plants, 3 yr. charge purchasing enesr. 
equip., foreign interests. 3 yr. exw.^xperie£ce 
diarge Mgg. dept, large utility syndicaTe Lan- 

TS^h En |H sb ,’ Ger .man. Russian^Armenian, and 
Turkish, Available immediately. D-84, 

swit^itSi‘r^+^ E ‘’ ? 0, 3 yr., telephone 

nni rfY ar< i testlE 8* 1 yj. shop mech., 1 yr, munici- 
yr ‘ i mad drafting for large 

for >P w5 n ^M er ’ ^ designing and drafting 

01 * arge u*! refinery. Desires position as asst. 


fs 





to dept. head. Go anywhere. Pacific > Coast 
preferred. C-4015. 

E.B. GRAD., married, 37, wide experience in in¬ 
dustrial plant elec, construction and maintenance- 
desires position m plant engg. with future. D-734.’ 

TELEPHONE ENGR., 3b, univ. grad., 10 yr. 
ex P enenc . e c ‘“design of outside plant, maintenance 
and specifications. Bell and independent experi¬ 
ence. Successful in handling men. Desires op- 
P°rtunity with operating or holding company. 

GRAD. E.E., 34, married, 10 yr. practical 
automotive maintenance'. G.E. Test. 3 yr de¬ 
signing industrial motors, d-o. arc welding equip, 
d yf- developing, designing transportation motors, 
control. 3 yr. automotive maintenance engg. 
with large bus, cab company. Interested in elec 
automotive engg. D-95. 

E.E.,: 33, married, desires position, mfr. of radio 
or public address systems, broadcasting station, or 
earner dept: of elec. pwr. company. 4 yr. design 
construction, operation, testing of equip, for elec! 

stations. 6 yr. installation, wiring, testing 
radio broadcast, tel. and tel. repeaters and carrier 
equip. Excellent references. D-733. 

1,924 M.I.T. cooperative, 30, 
married. G.E. Test; 5 yr. designing and applica¬ 
tion engr., ry. motors and equip., 2 yr. asst, to work- : 
production mgr., in charge of all large apparatus 
contracts. Desire engg. or administrative position 
with mfr., utility or engg. firm, or teaching. Avail¬ 
able immediately. D-760. 

Foreman 

FOREMAN OR CHIEF ELECTRICIAN, 
expert, armature winding, motor repairs, and 
trouble. Install wiring systems for light and pwr. 
Hxtenstve practical experience. D-667. 


. Instruction 

E - E - PROF-. B.S. and E.E., 33, married, 2V', 
y r. G.E. Co., 5 yr. with utility, 4 yr. teaching. 1 yr. 
as acting head of dept. Desires change. Loca- 
tion, South or Middle West preferred. C-7152. 

r DIRECTOR OF EDUCATION AND TRAIN- 
tJNO' with natl. tech, corp., formerly asst. prof, of 
H.E., B.S. and M.S. in E.E. Experienced in exec, 
and. administration phases of educational work. 
XJestres position as prof, or assoc, prof, of E E 
Location, immaterial. C-8967. 

GRAD., E.E. 36, 8 yr. construction, mainte¬ 
nance large and small pwr. plants in this country and 
abroad., 4 yr. mech. production design including 
BJisempnes. At present doing grad, work Univ. 
° « Desires instructorship, elec. mech. engg. 

with opportunity for research. Pacific Coast, 
South preferred. Available June. D-639. 

E.E. GRAD., 28. married. B.S. Wash. Univ., 
desires position teaching mathematics, E.E. sub¬ 
jects or lab. work. 3 yr. design street lighting, 
a yr. selling elec, instruments and substation equip. 
Location, immaterial. D-688. 

. GRAD., 1929, single, 26, now attending 

leading eastern univ. working for M.S. in E.E. 
15 months G.E. Test course including rectifiers, 
industrial control, research, ry. equip., motors, shop 
and elec, construction experience before graduation. 
Desires position, utility, mfg. or teaching. Avail- 
able June. Will go anywhere in the U.S. C-9003. 

GRAD. E.E., M.I.T, 1920, 35, married. Entire 
expenence since then in E.E. teaching and indus¬ 
trial work. Good ability and personality. De¬ 
sires work in E.E. teaching. Salary open. C-2826, 

CORNELL' GRAD., E.E. in 1929. Has had 
•«*/a yr- expenence in design and manufacture of 
automatic temperature control equip, for oil 
rennenes and regenerative furnaces. Some ex- 
b*r*"icnce in tutoring and teaching. Desires position 
with nur. of automatic control equip, or as an in¬ 
structor in college. D-690. 

PROF., ASSOC. PR9F. E.E., 39, B.S. and B.E., 
LJmv. of Colo. Practical experience with pwr., 
telephone, nuning, and elec. mfg. concerns. 6 
yr. on the E.E. faculty of state school. Now em¬ 
ployed but available for school year. C-5021. 

. INSTRUCTOR OR ASST. PROF., 38, 8 yr. 
instructor in E.E., radio, physics in univ.; 5 yr. 
commercial expenence, lighting, pwr., and radio 
installations, research, and design. At present 
research assoc, in physics in post grad, school of 
well known univ. Available for next September. 

_"DEAN OF. ENGG.' Mature engr.-teacher, 
lO yr. expenence, engg. faculties, followed by 16 
yr. extensive expenence engg. practise. Would 
consider position as dean of engg. in institution 
where recognition of present day needs, and ability 
meet these needs is desired. Full details sup- 
PUca, or personal interview arranged upon request. 
C-0733. ' 

FORMER CORNELL INSTRUCTOR IN 
MACHINE DESIGN for 4 yr. M.RlndE.E. 
grad. Allis-Chalmers designer and checker 6 yr., 


* 

shop apprenticeship and miscellaneous experience 

» «««■ 

E ' E ” 44 ' 8 yr- excellent teaching 

B*660 * aS WC aS practtcaI en E£- experience. 

5*5 Master ’ s £ de e ■ 29, married,, now 
« esagI \. e ? gr> for . southwestern pwr. 
company. 5 yr. tech, expenence, 7 yrr> teaching 

n + 6 *£•* c< * 1Iege Physics and mathematics, 
desires teaclung or research position. Best of 
references. Preferred location, Pac. coast, but 
D- 740 C ° nSldered ' Available , on short notice! 

E.E. GRAD., Midwestern col., 1931. single 24 
American. Excellent scholastic record. Desires 
teaching opportunity. Will teach E.E., mathe- 
D a 57 (f’ ° f mechamcs - Location, immaterial. 

.INSTRUCTOR, now teaching engg. physics 
wishes to locate with school or as private trior for 
. samn } er - „ Permanent position would also be 
»n^ dered j - We 1 Y ersed ln tll e practical side of 
engg., and in such' extra-curricular subjects as 
photography, dramatics, and nature study. C-9910. 

i 1929, G.E. Test experience in- 

cluding work in radio and vacuum tube engg. dept., 

M q t 1 type £ °- f elec ' mch y- Will receive 

SuSy J C-1879 S,rfeS a teaChing ° r engg ' °P- 

MECH.-ELEC. ENG. grad., 37, married, 
iu yr. expenence, design and maintenance of tele¬ 
phone and pwr. circuits with Western Elec, and 
operating companies. 4 yr. experience, teaching 
an . d *'? s ® a . rcb work in elec. engg. 2 yr. experience, 
° f Diesel and Diesel elec. pwr. Location pre- 

atriy d ' e C 6340 ^ 0pen ' Availab,e immedi- 


Wants a job now. 


Junior Engineers 

1932 GRAD., 24, married. 

Far West only. D-612. ' 

E : E - GRAD., 1930, single, 24, 18 months G.E. 
lest and service shop experience. Some calculat- 
mg and drafting. Good student record, ambitious, 
reliable. Desires position with utility or industria 
concern. Prefer South West or Far West. Avail¬ 
able immediately. D-628. 

_ 1931 E.E. GRAD., Clemson Agri. Col., 25, single. 
Desires work with utility, mfg. concern or construc¬ 
tion corp. Available immediately. Location, im- 
material. D-400. 

• ^’ E i 1929, 25, single, 2 1 /* yr. experience 

m design and engg. of high tension outdoor and 
‘ ad °°. r substations. Desires position connected 

South yd C-6967 riC development - location desired, 

E.E. GRAD., 1931, Univ. of Wis., 26, single, 
10 months . expenence in utility construction; 
f ,y r : .machine shop and garage. Interested in 
television. Location and salary immaterial. 
Available at once. D-040. 

GRAD. E.E., 20, married, B.S. with honors 1930. 

1 yr. expenence with utility as a student cadet; 

0 months expenence testing and treating boiler 
feedwater. Desires position with utility, operation 

rf ®® asbruc * l0 n with a radio mfg. company. 
JJ-o7o. 

GRAD. E.E., Columbia Univ., 1932; single, 23, 

4 yr. with research dept, of Bell Tel. Lab.; wishes 
to teach E.E. subjects, either full time, or part time, 
research or study, to, obtain Master’s deg. Loca- 
U,°L« and salar y immaterial. Available June. 

jj-052. 


GRAD. E.E., 1929, 8 months’ G.E. Test, motors, 
generators, industrial control, vacuum tubes; 1 yr. 
inspection of engravings and electrotypes in pre- 
make-ready dept, of progressive publishing com* 
pany .partly'analysis. Vacation experience survey-' 
ing transmission line and sewer construction'. 
Desires work undeijengr. C-7975. 

E.E. GRAD., June 1932, Georgia Tech *4 
singie, expenence in amateur radio, radio sales,’ 
E F “Em** h° ok h e eping. Desires position in any 
June 0 ^32 LO D-683: ,,nmatenaI - Availabla after 


E.E., grad. 1928, married, 3‘/» yr. industrial 

trol' nS »itn Pe "®? Ce ’ P artic “ lar 'y in. motor and con- 
trol, also civil engg. and supervisory experience 

f» f * ra,d °t re8 P. ons *h«lity. " Desires a position 
with future. Location, immaterial. C-9568. 

E.E.GRAD.. 27, married. Design of pwr. plant 
substation, and pwr. transmission lines. Indus- 
tnal remote control. Also broad experience on 
appraisals of utilities. Available immediatelv 
Location, immaterial. D-679. . eaia y e, Y- 

en?r' E on R G F" 23 ’ 15 inanths student 

g * uu 9 E ' Test.. Some test, drafting, and 
^ l _ tchboard construction experience before gradiia- 
tion. Interested in position with a firnodoing con- 
sufting or construction work or with utility oh mfr. 

° nC ? - Location, anywhere in U.S., 
New England preferred. C-8028. 

19.U RA TC;trn E ^,!i sin ,?i e ’ 9 niv - of North Carolina, 
14 MI. Extra. study liberal arts and commerce 

nhiw°l S ‘i ? es,res Position any engg. field, prefer- 
y^^icphone work. Four summers experience 
o : ® e . Tel. Co., installation and maintenance. 
Salary immaterial at start. Any location either 
D-527 n ° r U '®‘ acce P tabIe - Available immediately. 

GRAD. E.E., M.S. of large cooperative 
school. 24, single with dependents. Experience 
includes machine shop, drafting, clerking, armature 
winding, research assisting, and general mainte¬ 
nance and test experience with pwr. co. Desires 
teaching elec, subjects, mathematics, 
mechanics, drawing or physics anywhere in U.S.A 
Also interested in research. D-72K 

GRAD. E.E., 1931, U. of M., single, 22, 7 
months student sales engr. Wagner E. Test* 0 
months experience elec., maintenance and con¬ 
struction of industrial equip.. Ford Motor Go., 

? Months salesman. Desires position, elec, motor 
industry, or utility with opportunity for advance- 
ment. Location, Mich., and adjacent states pre¬ 
ferred. Available immediately. D-719. P 

JR. ENGR., E.E. GRAD., V.P.I. 1930. 24, 

^ /* yr. experience as utility engr. with large engg. 
corp. References. Desires connection with large 
mfg. plant, electrochemical corp. or utility com' 
Anything considered. Available immediately. 
Location, immaterial. D-735. ■ 

eA 931 .9 Rj A D .- B.E. from leading college in N. Y. 
btate,' 25, desires position in the elec, industry. 
Expenence mam motive. Several languages. 
D°104° n ^'* > " A ‘’ Available immediately. 

1931 E.E. GRAD. Mid-West univ., 23, single,- 
3 months expenence with large utility. Desires 
position with any mfg. firm or utility. Best of 
references. Location, immaterial. C-9984. 

E.E. GRAD., 1931, cooperative, single, 26, 
American citizen. Tech, high school education 
J* 1 France. Fluent French; some German and 
Spanish. _ Experienced in radio and sound research, 
framing in pwr. and commercial engr. Available 
at once. Location, immaterial. D-743. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th St. 
New York 


kAAINTAINED by the national societies of civil, 
mining, mechanical, and electrical engineers, 
In cooperation with the Western Society of Engi¬ 
neers, Chicago, and. the Engineers' Club of San 
Francisco. An Inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 

Men Available, —Brief announcements will be 
published without charge repeated only upon 
specific request and after one month’s interval. 
Names and records remain on file for three months; 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the ' 
fifteenth of the month. : 


Opportunities.—A weekly bulletin of engineer¬ 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or Si 0 per annum, payable in advance. 

Voluntary Contributions.—Members benefiting 
through this service are Invited to assist in its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 

Answers to Announcements.— Address the key 
number indicated In each case and mall to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 
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„ P eb< .1®?,?. Univ. of Mich., single, 

24. Special training in illuminating engg., experil 
ence as electrician and contractor. Perfect knowl- 
2* ^ x ® s ^ an and advanced German. Citizen 
°* U »S. Salary and location immaterial. Avail¬ 
able immediately. Recommendations. D-744 


tion, including job analysis, methods engg., time 
study, cost control, and supervising wage system 
operation. Excellent references. D-737. 3 


“. twiary sum location : ramaterial. Avail- — 

able immediately. Recommendations. D-744. Research 

T? Ti> r 

E.E. GRAD., 23, Sc.M. M.I.T.* Harvard 28; will 
rec«ive»Sc.D. M.I.T. June ’32; single, 38; 8 yr. 
practical experience pwr.-business and communica- 
Uon engg.; 2 yr. testing Course. Recently made 
valuable contnbution to knowledge network.syn- 
thesis. Speaks Swedish, English, German, head¬ 
ing knowledge French. Desires position, well- 
known organization preferably communication 
engg. Available. D-747. 


, P -E -> B.S., E.E., 28, single. Experience: Test¬ 
ing a-c. and d-c. machines in process of construc- 
tion. . G.E. Test course. Drafting, designing of 
elec, testing equip* Developmental work on instru¬ 
ments an* instrument transformers. Work pre- 
‘*" ed: Development, layout, installation, main¬ 
tenance of plant equip. In industrial pwr. company. 
Location preferred: East, Middle West. D-726. 


••5'®’’ 24, Wants any position in a 

utility, with opportunity to prepare for advance¬ 
ment second in consideration to salary. Location, 
immaterial. Available immediately. Experience 
as meter tester, lineman, appliance sales and service 
man, draftsman, andrasst. to dist. engr. C-9957. 

E.E. GRAD., 1930 Columbia 6 yr. course, 25, 
single, l l /i yr. with Paramount Publbc Theatre 
Construction. Knowledge sound and projection 
equipment, drafting, supervirion of construction 
aud layout; irfstruments, foundry and pattern 
shop methods. Desires connection, any engg 
capacity. Available immediately. Present Joca- 
tj<*n New York, but willing to go anywhere. C- 
7239. 


citcuvc. X yr. designing pwr. and substations: 
yr. operation arid control engr. utility; 2 yr. 
vitchboard engr.; temporary position 5 months! 
elec, instructor, techn. school. Engg. or teach- 
position desired. Location. U.S.A. or Canada. 

1931 GRAD., Brown Univ., experience in publica¬ 
tion work, editorial and advertising. Good mgr 
Stresses personal side of engg. Specialized knowl¬ 
edge*" d-c. and a-c. mchy., transmission lines, 
auxiliary apparatus, testing, and application. 
General knowledge of drafting, hydraulics, me¬ 
chanics, thermodynamics, and structures. Clever, 
industrious, and dependable. D-742. 

1 

E.E. GRAD* Univ. of Mich. 1930, 27, single, 
2 yr. experience utility distribution engg., desires 
position in utility or engg. company. Available on 

fo«5gn IIOt D e 740 LOCatiOn ' immate ” a1, domestic or 

E.E GRAD., 1930, 23, single, 15 months on 
G.E. Test, on ry. equip., rectifiers, industrial 
apparatus, industrial control, and refrigeration 
development. Desires position with utility or mfg. 
concern. Available at once. D-409. 

E.E.-GRAD., 1928, married, 29. Desires work on 
radio or photophone equip. Experience; 2 yr. 

and servicing X-ray and physical therapy 
equip., 1 yr. research and development on speakers, 
auditorium, and photophone equip, with R.C.A. 
C-4220 C ° i Pre ‘ er eastern or southern U.S. 

E.E., 27, 1 yr. practical experience. Westing- 
house Co , testing motors, generators, transformers, 
steam turbines, relays, and control equipment; 
d y f * w ‘ th . » Pwr- company, substation layouts, 
^anrijas^estimating, drafting, and development 

«J^*i?:i? RAD, J Ua j?- of J 11 - sin « le - 22. Excellent 
scholastic record. Experience in utility engg. and 

i 1 C ?. n ^ 0l J resea 5f t and design. Good references. 
Available immediately. Any location. D-759. 

M.E. GRAD., Stevens Inst, of Tech., 24, single, 

8 yr. in elec, work for light and pwr. of all descrip¬ 
tions. Also communication knowledge with ex¬ 
perience. Location, immaterial. C-9976. 

Maintenance and Operation 

28 - with wide experience 
In industrial plant elec, construction and mainte¬ 
nance, ry. electrification; pwr. plant design 
Mtimating, and supervisory construction experience 
®lcc. contractor; cost analysis. Desires 
position with future, d-4428. res 


. B.S. in E.E. 


1930, 25, single, 1 1 /* yr. statistical »nd economic 
research experience. Thorough tech, and business 
training. Speaks Spanish fluently. C-7551. 

Sales 

E.E. GRAD., 1929, 27, single, 2 yr. exceptional 
experience as jr. engr. with pwr. co. including 
commercial, engg., construction, and pwr. plant, 

1 Vf avnori anno ..I.. j • . ‘ r 


sales dept, with utility or mfr. Available at once 
New York State or East preferred. D-696. 

SALES ENGR., col. grad., 36; G.E. Test (steam 
and elec.) also factory and district office sales ex- 
For >ast few years employed w ILior 
industrial engg. representative (elec.) with out¬ 
standing central station company. Would like 
new affiliation preferably in the East. C-5618. 

SALES ENGR. OR MFRS. AGT., grad. E.E\ 
?2. over 5 yr. utikty in construction, maintenance 
and design, over 3 yr. as sales engr. for elec mfr 
including about 3 yr. as jr. exec. Location, hn- 
matenal for salary position. Pittsburgh head¬ 
quarters as mfrs. agt. D-745. 8 
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ENGR„ grad. E.E., 33, married. Ex¬ 
cellent background of sales aud adv., desires con- 
nection with _ mfr. Location preferred, Middle 
Expenence in industrial adv. in addition to 
encfs. E.8 S 614 ng of de0, equip - Excellent refer- 

n » AL J' S * ENGR -* ^tfe, grad. Kansas Univ. ’29. 

course including photophone, radio, 
industrial control, motors, transformers, and quota- 
tion work; 8 months engg. street ry.; 6 months 
sales engg. with large Sealer in new and rebuilt 
elec. mchy. Now employed. D : 674. 

ENGR. (British)- now engaged, desires cor¬ 
respondence with mfr. in U.S. desirous of establish- 
in .?. branch industries on other side. Also familiar 
D*-699 CanadlaB ’ Ind,an ’ and African conditions. 

SALES ENGR., E.E. grad., 30, married, 1 yr. 
testing and' engg. western utility; 2 yr. testing; 
14 y* - - design, application, and sales engg. with 
G.E. Desires permanent connection engg. or 


tf*® 8 ? mail has been returned 
? os - t f autbon ties is given below, with the 
Ant a P pear f 0,1 tbe Institute records 

of corr ections to these ad- 
J?f ad,y communicate them at once to 
York?N? Y. thC secretary at 83 West 39th St., New 

B N T Y Wayne J, ‘ C/ ° Gen1, Elec ’ Co ' Schenectady, 
B ton 736 Trans P° rta ti°n Bldg., Washing- 

D A^?i.4city. /0 TatC & HayS * 341 Madlson 

Iwe, Halfdan G., 229 Ovington Ave., Bklyn. N Y 
ffl. ’ ° C - 1330-4th St’, Sacramento! 

P «^. haran - 161 Ganesh Mohal > B c“"es 

R Mich. C ' A " Consumera Pwr - BWg-. Jackson, 

Scanlon, D. L., KFPW, Ft. Smith, Ark. 

Schwartz, Carl, 410 Cathedral Pkwy., N. Y Citv 

T tidy?N E Y! Mead ’ IatL GenL E, “- Co-.Sirhenec- 
Titiaml, Trygve T., 1019 Stanton Ave., Elizabeth, 

V TeM eS3 ’ L ' °** 2106-6 Sterick Bldg., Memphis, 



ENGR., 32, married, 1 yr. telephone 
nfM? „ 6 yr< instruction, operation, test and 
2?. nnderground transmission, and 

g ®‘ 3 » 

COMMUNICATION ENGR. Broad theoreti- 

-asa-S 

ssisar a s 3 & A "“* bU 

6 yr - ^-ydro and steam plant 
exec, operation and maintenance: 5 vr an a 

cost accounting, expert stenographerand bookkee^ 
ing. Desires position with utiluy or mfz cone.™ 
in any part of tl.S. or foreign. C-7796 

Production 

_ INDUSTRIAL ENGR., E.E. zrad M m.-i.j 

by lar f e mfr - of elec.'eqidp.; 2 yr' 
experience test engr.; 2 yr. wage incentive tnstaUa- 
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Applications 
for Election 

/Applications have been received by the secreatry 
th u- foll . owin ? candidates for election to 
i n Institute. Unless other- 

t A he a PP b cant has applied for 
a2S3TO- rf f- Associate. If the applicant has 
applied for direct admission to a grade hieher 

aftw the “name t A 6 . foI1 °^® immediately 

alter the name. Any member objecting to the 

aa J °? the ? e candidates shoufd so in- 

3L™932? lStaat natl0nal secretary before May 

Andmson, C. J. t Barber-Colman Co., Rockford, 

Bmley, R S„ Kansas Gas & Elec. Co., Wichita 
(Applicant for reelection) 

Cad ^Uhon C ’ W " Univ ' ° f South Dakota » Ver- 

C ° 1C Hdg h hts°'Mich C0I1SUlnerS Pwr - C °- Muskegon 
Cordray, R. E., Genl. Elec. Co., Phila Pa 
DUU^’ m' If’ 1 a° 1 W- C . la ^, St " UHS5h, Calif. 

^Youfs*- Ky m Safety Sigaal Gate Co - 
v' f 4 C , hurcb St -> Alton, R. I. 

£Ue3 Wis C "’ Yate> "An»encan Machine Co., Beloit, 

G Fort<£llSf emberJ ' Pttb - Serv< Co - of Col °-. 

GUP N!’YT'cfty Uaited Electric Bt. 8s Pwr. Co., 

Han ^’ i, H - (Member), Westinghouse Elec. & 
-...Mfg. C°., E . Pittsburgh, Pa. 

Htld ? bra f d r A - M., Lake Erie Pwr. & Lt Co.; 
Shore Elec. Ry. Co„ Sandusky, Ohio 


Horton, H. M., Okla. Gas & Elec. Co. Okla Cltv 
^linek, U., 132 Smith St., Elizabeth, N. J. 

K en c A ' E W w^f CO r n Co., Milwaukee 
Portiand! , Ora ghOUSe EleC - & Mfs ‘ 
K ° lfc 6hto H ’’ Uni ° n Gas & Elec - Co " Cincinnati 

aS&fil Place, Elizabeth, N. J. 

Minutin' ' 28 8 P f ing St., Danbury, Conn. 

M 0nt d 'Can ^ Coaduits Co > Ltd., Toronto, 

May, R. W., Dept, of Public Works, N. Y. City 
McTmggim, T. L., 130 Rich Ave., Mt. Vernon, 

wsfr e1, G V B ^V B,? 11 T eJ. Co. of Pa., Philadelphia 

E1 “- s 

“aS°AnSdo H tJ” U - T "” Re “ rd “ J 

/• 4’ U ?\ v - of Wisconsin, Madison 
P- J « Brooklyn (B Y.) Edison Co., Inc. 
Rowe, W, H m Genl, Elec. Go,. Lynn. M&ss 
Ste,W.B.,BellTel. Co.,Toronto, Ont„ Can. 
WVhh dI R C n E, ’c L ' 8 ; Valle ly & Co., Houston, Tex. 

W Tex 1 ' B " Southwestern Bell Tel. Co., Dallas, 

Weii^C.^.., Gould Storage Battery Corp., Depew, 

35 Domestic 

Foreign 

M .’ Pin5b’,I?dia H ‘ G ° Vernment ’ P a « a J a State, 
Gld8 P'E., Municipalities of Bowral and Mitta- 
AustraUa Shire of Nattai Bowral, N. S. W., 

G °^LaSa^’’ P " Go ^ dl * ^°*> Matonga, Bombay, 

G ° m So’ Am Chilean Stat ® Rys *’ V^Par® 130 . Chile, 

Ferry, A«Mm Hachbridge Elec. Construction Co., 
Surrey, England 
5 Foreign 


Bi<BCTRICAIv Engjcn^bring 
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New Books 

In the Societies Library 

Among the new Books received at the 
Engineering Societies Library, New York, 
during March are the following which 
have been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no reponsibility for state¬ 
ments made in the following outlines, in¬ 
formation for which is taken from the 
preface or text of the book in question. 

TABLES ANNUELLES DE CONST ANTES 
ET DONNEES NUM&RIQUES de Chitnie, de 
Physique, de Biologie et de Technolode, v. 8,1927-8, 
i 1. Paris, Gauthier-Villars et Cie; N. Y., 
McGraw-Hill Book Co., 1931. 1101 p„ 11x9 in., 
Pt. 1.—Presenting a year by year com- 

S nation of the numerical constants and data that 
ave appeared In the important scientific periodicals. 
The present part covers mechanics, heat, light, 
electricity, and magnetism. Titles and explanatory 
matter are given in English as well as in French. 

_ AS^-^CE 30 ELECTRICAL MEASURE- 
MENTS. By W. R. Smythe and W. C. Michels. 
N- Y-i D. Van Nostrand Co., 1932. 240 p., illus., 
0x6 in., cloth, {3.00.—Intended for training in the 
use of research methods and instruments and test- 
ing. and development work: a course given to senior 
students at the California Institute of Technology. 
Standard electrical measurements are included; 
also methods for measuring temperature, radia- 
“® n i an <l other quantities not primarily electrical. 
The theory of each method is discussed, and refer¬ 
ences for further reading provided. 

APPLICATIONS OF REFRIGERATION. 
Book I. By C. T. Baker and I.C.S. Staff. 
Scranton, Pa., Inti. Textbook Co.. 1929. 44 p„ 
ln< > cloth, $ 1.26.—A description of the 
principles and construction of the most popular 
types of refrigerating machines. Automatic for 
commercial and domestic use. 

ARTIFICIAL LIGHT AND ITS ‘APPLICA- 
THE HOME. By the com. on res. ltg, 
” „ Ilium. Engg. Soc., Mariquita Dygert, Chmn. 
N * Loud., McGraw-Hill Book Co., 1932. 145 
p., illus., 9x6 in., cloth, $1.50.—A concise, prac¬ 
tical book on the lighting of residences, prepared 
S? a Sroup of authorities and endorsed by the 
Ilium. Engg. Soc. Primarily a text for students 
of home economics, but also of use to housewives 
in search of simple, reliable information on artificial 
lighting. 

BOOK OF METALS. By D. Wilhelm. N.Y.& 
Har per & Bros., 1932. 341 p., illus., 
1 0x7 in., cloth. $4.00.—A story of industrial 
metals, their history, mining, refining, alloying 
characteristics, and uses. Breezy and popular, 
owt read and accuracy approved by acknowledged 
authorities. For needs of general information on 
the metals. 

DIE BLEKTRISCHB FERNtlBERWACH- 

FtjR STARK- 

STROMANLAGEN UND KRAFTBETRIEBE. 
By M. Schleicher. Berlin, J. Springer, 1932. 238 
p...illus., 9x6 m.,21 rm.—Remote control and super- 
vision of machinery and power methods are pre¬ 
sented systematically. Calling attention to under¬ 
lying principles and fields of usefulness rather than 
to details of instruments. Remote metering, 
signaling! and control are considered. Bibli¬ 
ography. 

DYNAMICS OF ENGINE AND SHAFT. 
By R. B. Root. N. Y., John Wiley & Sons, 1932. 
184 p.. Ulus., 9x6 in., cloth, $3.00.—For 12 years 
w has given a course at the postgraduate 
school, Naval Academy upon this subject* and the 
results of his experience appear in this brief text- 
S ?°7 11 aim? to present methods for evaluating 
the forces that operate in a reciprocating engine, 
to trace their effects in turning moment on the shaft 
bearing pressures, and to reveal their 
significance in relation to vibrations. The book 
also treats of torsional and transverse vibrations of 
elastic systems and discusses critical, speeds. 

-n MIT SCHLEUDER- 

BETONMASTEN. By L. Heuser and R, Burget. 
MUnchmi & Berhn, R. Oldenbourg, 1932. 176 p„ 

’ *“•» Paper, 10 rm.—A comprehensive 

account of the history and construction of the 
hollow concrete pole and its use for overhead elec- 
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trie lines. Discusses design and testing of poles, 
transport and erection, costs, and applications to 
power, telepBode, and telegraph networks. In¬ 
cludes table of all the European lines on concrete 
poles. 

GBNL. ENGG. HANDBOOK. Edited by C. E. 
O Reurke and others. N. Y., McGraw-Hill Book 
Co., 1932. 921 p., illus., 8x5 in., leath., $4.00.— 
In preparing this compendium of engineering data, 
attempt has been made to compress the important 
fundamentals of engineering into a single small 
volume which will supplement detailed handbooks 
devoted to one field. Divided into 31 sections, 
six devoted to subjects of interest to all engineers. 
The remainder treat the major branches of civil, 
mechanical, and electrical engineering. Each 
section by an expert in its field. 

HANDBOOK OF BUSINESS ADMINISTRA¬ 
TION. W, J. Donald, ed. N. Y, & Lond., Mc¬ 
Graw-Hill Book Co., 1931. 1753 p., illus., 7x6 in., 
leath., $7.00.—An encyclopediac presentation of 
current practise in all departments of business, 
prepared specialists and sponsored by the Am. 
Mgmt. Assn. Marketing, financial production, 
and office management; personnel and gen. mgmt. 
are discussed in all ramifications. A concise, 
handy summary of the policies of many business 
leaders. 

JOBS, MACHINES, AND CAPITALISM. By 
A. Dahlberg. N. Y., Macmillan Co., 1932. 252 
p., illus., 8x6 in.j cloth, $3.00.—The author be¬ 
lieves that capitalism as a system of economy has 
not had a fair trinl and that under certain condi¬ 
tions it can secure ail and .more than communism, 
while avoiding the major difficulties and evils of 
the latter system. The evils of capitalism would 
disappear, he believes, were it forced to work 
under a chronic scarcity of *abor rather than a 
chronic scarcity of job and business opportunity. 
A method for accomplishing it is suggested. 

LEHRBUCH DER RADIOAKTIVITXT. By 
G. v. Hevesy and F. Paneth. 2. Auflage. 
Leipzig, J. A. Barth, 1931. 287 p., illus., 9x6 in., 
paper, 22 rm; bound, 24 rm.—The aim of the auth¬ 
ors of this work has been to supply a text-book 
concisely covering the whole field of radio-activity, 
In which due attention is paid both to its physical 
and chemical _ aspects; its relations to other 
branches of science are indicated. Revised and 
partly rewritten. 

LUFTBEHANDLTJNG IN INDUSTRIE— 
UND GEWERBEBETRIEBEN. By L. Silber- 
berg. Berlin, J. Springer, 1932. 174 p., illus., 10x6 

in., cloth, 18 rm.—On air conditioning; intended to 
provide an account of current practise for engineers 
and factory owners. An introduction devoted to 
scientific principles, the technique of air condi¬ 
tioning is discussed at some length. The solution 
of problems involved, and the apparatus used 
are considered, with advice on systems and operat¬ 
ing costs. 

MANUAL OF ELECTRIC ARC WELDING. 
By E. H. Hubert, ed. N. Y. & Lond., McGraw- 
Hdl Book Co., 1032. 163 p., illus., 9x6 in., cloth, 
$2.00.—Explains the fundamentals of arc-welding 
processes, with practical suggestions for perform¬ 
ing various welding operations and many uses 
of arc welding. Clear and full, presenting main 
facts. Sponsored by the welding section of the 
Natl. Elec. Mfrs. Assn. 

MATHEMATICAL TABLES, v. 1. Circular 
and hyperbolic functions, exponential sine and 
cosine integrals, factorial (Gamma) and derived 
functions, integrals of probability integral. Lond., 
British Assn, for the Advancement of Science, 
1881. 35 p. text + 72 p. tables, 11x9 in., 

cloth, 10s.—For over fifty years the British 
Assn, for the Advancement of Science has 
published from time to time mathematical tables 
in its reports, A selection of these now appears 
in revised and extended form in this volume. The 
tables are indicated by titles, most of them extend 
to twelve or fifteen decimals and include facilities 
for m interpolation. Construction explained in 
the introduction. The page is large and open and 
the type clear. 

MITTEILUNGEN AUS DEN FORSCHtTNG- 
SANSTALTEN GHH-KONZERN, Bd.. 1, Heft 9, 
p, 201-24, Jan. 1932. Berlin, VDI-Verlag, 
illus., 12x9 in., paper, 2.70 rm.—The subjects 
discussed are: the considerations governing the 
choice between private and public electric plants, 
the economical use of rotary well drilling plants, the 
sustained tractive power of Diesel automobile 
engines, and the determination of the speed and 
acceleration of valves of high-speed internal-com¬ 
bustion engines. 

MOTGRBIJS TRANSPORTATION. 4 v. 
By I.C.S. Staff. Scranton, Pa,, Inti. Textbook 


Co., 1931. illus., 8x5 in., cloth. Book 1, $1.7$; 
Book 2, $1.25; Books 3 & 4, $1.00 each,—Volumes 
cover the subject concisely yet comprehensively. 
The organization of bus companies, laws relating 
to them, operators, financial problems, equipment, 
maintenance, management, and other important 
topics are considered, and current practise m these 
matters is indicated. 

NATL. ELEC. CODE HANDBOOK. By A. L. 
Abbott. N. Y., McGraw-Hill Book Co., 1932. 
473 p., illus., 8x5 in., leath., $3.00.—This book is 
intended as a reference book for users of the Code* 
and a text-book for a systematic study of it. Rules 
are grouped io a way to enable all applying to a 
given device or method to be found at once, their 
meaning clarified by comments, explanations, and 
diagrams. 

PATHWAYS BACK TO PROSPERITY. By 
S* N. Y. & Lond., Funk & Wagnalls 

Co., 1932. 351 p., 8x6 in., cloth, $2.50.—A well- 
known engineer and economist analyzes the under¬ 
lying causes of the economic and social difficulties 
of today and points out the paths to renewed 
prosperity. He finds chief requirement a more 
general distribution of wealth. 

PHOTOELECTRIC PHENOMENA. By A. 
L. Hughes and L. A. Du Bridge. N. Y. and Lond., 
McGraw-Hill Co., 1932. 631 p„ 9x* in., cloth, 

$5.00.—This work aims to provide a concise, yet 
comprehensive critical survey of the whole field of 
photoelectric phenomena. The present status of 
the three major branches of photoelectricity, sur¬ 
face, volume, and photovoltaic effects is sum¬ 
marized; fundamental laws, their experimental 
bases, and theoretical significance are discussed, 
and their practical applications briefly reviewed. 
No formal bibliography, but ample bibliographic 
footnotes. 

PROFITABLE PRACTISE IN INDUSTRIAL 
RESEARCH. Edited by M. Ross, M. Holland 
and W. Spraragen, prepared under the auspices of 
the Natl. Research Council. N. Y, & Lond., 
Harper & Bros., .1932, 269 p„ 9x6 in., cloth, 
$4.00.—A symposium by the directors of some 
of the greatest industrial research laboratories of 
the country. The philosophy and practical applica¬ 
tion of industrial research, the organization 
of research departments, the selection of research 
workers, research work in foreign countries, the 
part played, by trade associations, the government 
and universities, and the transference of the results 
of research to the factory all aie discussed. 

REWINDING DATA FOR D-C. ARMATURES. 
By G. A. Van Brunt and A. C. Roe. N. Y., Mc¬ 
Graw-Hill Book Co., 1932. 212 p., illus., 9x6 
in., cloth, $2.50.—Gives practical directions for 
taking and recording, in a uniform, systematic 
manner, the information for repairing these arma¬ 
tures. Also the rules governing the various types 
and windings, and chapters devoted to materials, 
insulation, banding, dipping and baking. Several 
chapters on “frog-leg” windings. Expanded from 
articles that appeared in “Maintenance Engineer¬ 
ing.’* 

STANDARD WIRING FOR ELEC. LT. AND 
PR, By H. C. Cushing, Jr., 38 ed. N. Y., H. C. 
Washing, Jr., 1932. 488 p., illus., 7x4 in., leather, 
$3.00.—A new edition of a well-known guide like 
its predecessors sets forth clearly and fully the 
essential requirements for safe and efficient wiring 
and construction and the latest engineering prac¬ 
tise. Complies with Natl. Electric Code. 

COLOUR SCIENCE, Part 1. By W. Ostwald. 
Authorized translation with introduction and notes 
by J. S. Taylor. The April issue of Electrical 
Engineering gave the address of the publishers, 
Winsor & Newton, Ltd., as London. They are of 
London and New York. 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 


M AINTAINED as a public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists''of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of live cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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ustrial Notes 


electric insulation, repairing, etc. Technics 
Products Company, Pittsburgh (Sharps- 
burg Station), Pa. 

Insulating Oil Purifiers.—Bulletin, 20 
pp. Describes the "Buckeye” hydro-voli- 
fier for purifying insulating oils. Analyses 
of insulating oils as contaminated by 
various uses and their purification by the 
vacuum treatment with the hydro-volifier 
are outlined. The Buckeye Laboratories, 
Inc., 510 West Ely Street, Alliance, Ohio. • 

Radio Transformer.—Bulletins T21A, 122 

and 123; Describe Acme step down trans¬ 
formers, replacement transformers, and 
power transformers, respectively. . These 
products are made principally in large 
quantity production for radio and allied 
manufacturers. The Acme Electric & 
Mfg. Company, 1444 Hamilton Avenue, 
Cleveland, Ohio. 

Small Rotary Converters.—Bulletin and 
price list, 8 pp. Describes new,, improved 
"Martin” interpole, alternating current to 
direct current, ball bearing rotary converters, 
with panels and resistances, for motion 
picture and general theatre use. North¬ 
western Electric Co., 418 South Haynes 
Avenue, Chicago, Ill. 

A-C, Rectifier Power Packs. Bulletin, 

4 pp. Describes '‘Rectopacs’’—complete 
d-c. power packs for industrial applica¬ 
tions to operate from a-c. lines. These 
B-L rectifier assemblies are used in the 
operation of signal systems, magnets, 
relays, control equipment, low voltage 
motors, battery charging, etc. B-L Elec¬ 
tric Mfg. Co., 19th & Washington Ave., 
St. Louis, Mo. 

Power. Factor Correction.—Bulletin. 
Describes how power factor may be cor¬ 
rected through the use of static condensers 
in convenient unit form, assembled and 
mounted to meet any requirements. The 
bulletin contains an ingenious scale whereby 
the condenser capacity required for any 
given power factor correction may be 
instantly determined. Dubilier Condenser 
Corporation, 4377 Bronx Blvd., New York. 

• 

Testing Machines.— Catalog 50H, 116 
pp. Describes Olsen testing and balancing 
machines and instruments. Such equip- 
ment is made for numerous purposes .in¬ 
cluding tests for endurance, fatigue, hard¬ 
ness, flexibility, etc., of materials. Static 
and dynamic balancing machines are used 
by manufacturers of motors and turbines 
for determining armature and rotor balance. 
Tinius Olsen Testing Machine Co., 500 
North 12th Street, Philadelphia, Pa. 

Insulators.—Catalog 32, 320 pp. This 
volume is described as a handbook of re¬ 
liable information for those interested in 
modem methods of high voltage trans¬ 
mission, The catalog includes illustrations, 
cross sections and specifications of Locke 
insulators. Methods of manufacture are 
depicted, and the history of the Locke 
grading shield is outlined. Included are 
thC A.I.E.E. and NEMA Standards for 
insulator tests; also wire and cable tables. 
Ibcjce Insulator Corporation, So. Charles 
& Cromwell Streets,; Baltimore, Md. , 
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Multiple “V” Belt patent Suit Settled.— 
■ The Allis-Chalmers Manufacturing Com¬ 
pany announces that the suit between it 
and the Dayton Rubber Manufacturing 
Company, of Dayton, Ohio, in the United 
States District Court at Cincinnati, in¬ 
volving patent infringement of Allis- 
Chalmers Geist patent No. 1,662,511 
pertqjnihg to multiple "V” belt drives 
has been settled out of court. The Dayton 
Rubber Manufacturing Company takes a 
license under the Geist patent and the 
Allis-Chalmers Manufacturing Company 
has the.rjght to operate under Short patent 
Np. 1,538,303, if it so desires. 

Coming Glass Appoints Insulator Repre¬ 
sentatives.—The following appointments 
have been announced by the Coming Glass 
Works, Corning, N. Y., of representatives 
for the sale of "Pyrex” power insulators: 
J. E. Redmond of Phoenix, Arizona, for 
Arizona, New Mexico, and the El Paso 
district of Texas; J. Q. Lalor, Denver— 
Colorado and Wyoming; L. B. Graves, 
Minneapolis—North and South Dakota, 
Wisconsin, and Minnesota; A. J. Heisel, 
New Orleans—Mississippi and Louisiana; 
Wise & Braisted, Detroit—Michigan. 

Norma-Hoffnmnn , Moves New York 
Sales . Office.—Announcement has been 
made by the Norma-Hoffmann Bearings 
Corporation, manufacturers of "Precision” 
ball, roller, and thrust bearings, that its New 
York sales office has been moved from the 
Grand Central Terminal to new and larger 
quarters in the Commerce Building, 155 
East 44th Street. A full staff of sales engi¬ 
neers with increased facilities will continue 
to serve the Eastern territory. 

New Double Row Ball Bearing.—The 
Federal Bearings Company, Inc., Pough¬ 
keepsie, N. Y„ announces the introduction 
of a series of double row, self-aligning radial 
ball bearings, available in ali popular sizes. 
One of the important features of this series 
is a separate ball spacer or retainer for 
each row of balls. This is particularly 
advantageous when bearings are used under 
conditions where the self-aligning feature is 
frequently brought into use. This flexible 
retainer absorbs much of the severe strain 
to which retainers in self-aligning bearings 
are usually subject. 

A New Electrographitic Brush.—The 
National Carbon Company, Inc., Carbon 
Sales Division, Cleveland, announces a 
new electrographitic brush known as 
National' Pyramid Grade.' No. 234. A 
unique characteristic is the non-resilient 
structure, enabling the brush to maintain 
exceptionally firm contact on commutators 
of high peripheral speed. It is claimed 
that excellent commutation, low friction 
?md high carrying capacity combine with 
the smooth riding properties of this new 
grade to minimize brush wear and* com- 
mutator maintenance. The, new ’brush 
1S designed especially Tor heavy duty, 
d-c.. generating and substation equipment. 


Surge^ Diverters for Distribution Trans¬ 
formers.*—Coordination of the transformer 
insulation so that the bushing will flash 
over befqre the windings fail, gives "surge- 
proof” characteristics to a transformer, 
but naturally, when the bustling flashes 
over, a power arc may follow of sufficient 
magnitude to blow the primary. fuses, 
according to -the Allis-Chalmers Mfg. 
Company, Milwaukee, Wis., which an¬ 
nounces surge diverters for application 
with their distribution transformers to 
eliminate this effect. The surge diverter 
has been designed to function in less than 
50 microseconds so that it can be connected 
between the primary fuses and the trans¬ 
former. This rapid action does not give 
time for the fuse to operate so that fuse 
blowings are minimized. Surge diverters 
may be installed outside or inside the 
transformer case. The flexibility in mount¬ 
ing makes it possible to connect the di¬ 
verter either to separate ground connections 
or to secondary neutrals as desired. 
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Instrument Transformers.—Catalog GEA 
601D, 52 pp. Describes standard lines of 
GEA switchboard and portable trans¬ 
formers; includes dimensions. General 
Electric Company, Schenectady, N. Y. 

Groundometers.—Bulletin 120C, 8 pp. 
Describes various types of ground testing 
instruments, each designed for a particular 
• class of testing. Borden Electric Com¬ 
pany, 480 Broad Street, Newark, N. J. 

Distribution Transformers.—Bulletin 
8248-A. Describes a new distribution 
transformer which will not be injured by 
lightning surges entering either the primary 
or secondary windings. Westinghouse 
Electric & Mfg. Company, Shaibn, Pa. 

Magnetic Across-the-Line Switches.— 
Bulletin GEA 1568. A complete treat¬ 
ment of G-E control equipments of this 
type for every service in all sizes up to 1200 
hp.; explosion-proof, oil-immersed, etc. 
General Electric Co„ Schenectady, N. Y. 

Lightning Arresters.—Bulletin 1 , 8 pp., 
the first of a series describing* crystal valve 
lightning arresters for high and low voltage 
transmission and distribution circuits, and 
for telephone and telegraph lines. Electric 
Service Supplies Co., 17th and Cambria 
Streets, Philadelphia, Pa. 

Cements and Compounds.—Bulletin 32, 
16 pp. Describes a line of cements and 
industrial compounds for add-proofing, 
surface Coating^ impregnating, oil resisting, 
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RATIONAL and District prizes 
awarded by the A.I.E.E. for tech¬ 
nical papers presented during 1931 
were announced recently, p. 418 

T 

I HE telephone handset, although 
“taken for granted” as are many 
of our modern conveniences, required 
long and painstaking research to make 
it a practical reality, p. 380-383 

H« H. HENLINE, for more than 
five years assistant national secretary 
of the A.I.E.E., on June 1 became the 
Institute’s managing executive by 
unanimous action of the board of di¬ 
rectors. p. 415-416 

PoST-WAR deflation combined with 
a slackening of opportunity for profit- 
able investment are held responsi¬ 
ble for present economic conditions. 
This is one of the theories advanced 
in a progress report of a comprehensive 
study undertaken by a special com¬ 
mittee of the American Engineering 
Council, p. 373-379 

All ABOARD for Cleveland and 
the Institute’s annual summer con¬ 
vention to be held in th$ “forest 
city” June 20-24! There will be no 
registration fee; special entertain¬ 
ment and sports events are scheduled; 
interesting inspection trips are planned ; 
all technical sessions are to be held 
in the mornings, p. 414. Abstracts 
. papers to be presented are published 
in this issue, p. 405-413 

When planning your summer va¬ 
cation don’t overlook an excellent 
opportunity to combine business 
with pleasure by attending the 1932 
A.I.E.E. Pacific Coast convention to 
be held August 30 to September 2 in 
Vancouver, B.C. Popularly known as 
the “evergreen playground” this young 
and progressive city and the surround^ 
ing country possess unusual recrea¬ 
tional attractions, p. 414 

POWER STATION in which 
the development over a ten-year 1 
period had been such that the latest 
unit has practically five times the 
capacity of the first, offers a distinct 
challenge to the engineer; such is the 
history of the Waukegan generating 
station of the Public Service Company 
of Northern Illinois. Its latest instal¬ 
lation includes a 115,000-kw. single¬ 
shaft steam-electric generator, and 
the first 132-kv. metal-dad switchgea* 
"ever built, p.-091-00 
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of Your Profession 


By E. B. MEYER 

FEU.OW A.I.E.E. 


Chairman A.I.E.E. 
Publication Committee, 


I 


G. ROSS WENNINGER 

MEMBER A.I.E.E. 


Associate Editor, 
A.I.E.E. 


IN A SENSE 
this is an anniversary 
month, a seemingly reason¬ 
able excuse for a bit of 
stocktaking. Just two 
years ago, May 5, 1930, 
to be exact, the.A.I.E.E. 
publication committee con¬ 
cluded more than two years 
of intensive investigation, 
and brought forth its mem- 
• or able report on “proposed 
changes in policy of A.I.E.E. publications.” Subse¬ 
quent adoption by the board of directors, June 23, 
1930, converted the committee’s recommendations 
into Institute policy, one of the tangible results of 
which was Electrical Engineering as a New 
Year’s greeting for 1931. 

Basic Plan 


... i 

Can you*attend six conventions a year? 
Can you digest 150 or more technical 
papers each twelve months? Can you 
personally meet satisfactorily the demands 
imposed by the continuing rapid evolution 
in the art of electrical engineering and its 
successful application? This article may re¬ 
veal toyou unexpected! y a va i la ble facilities. 


In short, the, assignment 
called for the Institute’s 
monthly publication to 
carry conveniently and 
directly to every Fellow, 
Member, Associate, and 
Enrolled Student, of the 
Institute a comprehensive 
and illuminating month-by¬ 
month cross-section of 
professional activities and 
electrotechnical" develop¬ 
ments in many related fields of endeavor. 

What Has Been Done? 

^Comments from members indicate that for sixteen 
months Electrical Engineering has been doing 
this -job with increasing effectiveness. From January 

1931 to and including May 1932, Electrical Engi- 

To provide a basis of comparison, a few of the more C ° mpreh ^ Ve ^erpretive 

important points involved in the publication commit- v^Sher ^hf glVm f 

tee’s 1980 recommendations will be outlined briefly y .„ , essential substance of 

here. • an equal number of Institute papers, and 84 articles 

Recognizing that the Institute to keep growing ^ leCted K f ^ r t ^ t ™! lin 5? S 

must be alive to the changing requirements of its ^ £* ve a bett ^ balance to the 

members; recognizing that the Institute’s activities material. Electrical Engineering in 

- - < - • 5 ^ i-ubULULt; s activities these few months has reported the activities at 


and publications to serve adequately must be alive 
to changing conditions;. and recognizing that the 
monthly publication constitutes the main channel 
through which Institute members may keep in¬ 
formed conveniently and effectively as to current 
technical and professional developments and the 
Institute’s participation therein, the committee 
selected the monthly publication as representing 
the logical field in which to pioneer the development 
of increased and more effective publication service 
to members. Out of the hundreds of letters ex¬ 
changed in the publication committee’s nationwide 
survey, the general features of a basic policy took 
the following tangible form: 


four national conventions and six District meetings, 
to say nothing of almost innumerable other events 
of significance and importance. For those who 
might enjoy some interesting statistical information, 
the accompanying tabulation is presented. 

A Real Job 

Electrical Engineering’s relentlessly prose¬ 
cuted endeavor is to serve to the greatest possible 
advantage the ma x imu m proportion of the Institute’s 
entire membership. The magnitude and complexity 
of this endeavor perhaps may be made more under- 

„ ~ . standable by an analysis revealing the tremen- 

1. Organize the editorial content of the monthly publication to douslv wide SDread of activities: in whiAh 

needs memberTare engaged- 0 ’ OnSe basri oHhelnstitate’s 

2 . Include, at least in the form of comprehensive interpretative ^ recor ded in the 1930 Year Book— 

abstracts, every paper formally presented before Institute con- 17,633 Members and 2,446 Enrolled Students totaling 
ven ons and District meetmgs. > 20,079— approximately 16 per cent are in design and 

** * speclal Mention to the more timely papers of wider general manufacturing, 9 per cent in communication, 6 per 

cent in industry, 6 per cent in construction, 18 per 
cent in electric power supply, 3 per cent in railways, 
6 per cent in research and education, 1 per cent in 
radio, 12 per cent are students, 16 per cent un¬ 
classified, and 8 per cent are in foreign fields. 

For any one publication to attempt to serve 
exhaustively all the interests of such a widely 
diversified group obviously would result in a ponder- 


interest. 

to the entire membership the annual reports of the 
Institute’s technical committees. •..••• <• 

®*. Solicit aa^ convey to the membership special articles on timely 
scientific, economic, and other subjects of interest and importance 
to electrical engineers. 

6 . 

7 


in allied fields, and 

- adequately the institute’s important activities, 

including its Section and Branch work. 
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ous volume, for a publication to devote itself ex- More for*Your Money 
haustively to the interests of any one group would be 

tp disregard the interests of the others. One of the To improve its production and distribution, Elec- 
prnne functions of the Institute is to serve as a co- trical Engineering recently completed an ext ensiv e 
orqmatmg medium embracing these closely related and critically searching inquiry into these phases of 
groups of diverse mterest. It is the function of Elec- its operations. As a result, it has transferred its pro- 
trical Engineering to effect an interchange of in- duction activities to a new and larger plant remo'ved 
formation by means of which individual members from New York’s congested metropolitan area and 
may reduce the inevitable personal hazafd of ever- devoted primarily to scientific and te chnic al periodi- 
narrowing specialization in professional practise. cals* Benefiting from its new and improved facilities 


narrowing specialization in professional practise. cals* Benefiting from its new and improved fa cilit ies, 

Electrical Engineering now brings to you in its 
A ^Strong Policy usual 72 pages of editorial content an amount of ma- 

* • . terial that previously would have required 79 pages, 

Electrical Engineering is based lfpon a liberal, and should reach you several days earlier than hereto- 
constructive policy, and is designed with sufficient fore. New paper of higher quality and softer finish 
flexibility to meet effectively the constantly chang- now protects your eyes from the fatigue of reflected 
mg requirements of the Institute’s membership, light; greater opacity improves readability. Ofim- 

Into its oolicv are itirtilratpH _ u __... 


Into its policy are inculcated 
a bit of reticence and reserve 
to preserve its stability, suf¬ 
ficient initiative and daring 
to prevent its stagnation, a 
reverence for tradition in so 
far as that tradition is sound¬ 
ly founded and still serving 
a definitely useful purpose, 
and above all, a driving 
motivation to serve honestly, 
effectually, and unselfishly; 
it is edited /or Institute mem¬ 
bers by a staff of Institute 
members whose prior indus¬ 
trial service has provided a 
solid background of experience. 

• 

Interpretive Abstracts 

• 

One experiment has con¬ 
cerned the manner and form 
of publishing abstracts of 
formal Institute papers. From 
the earlier policy of publishing 
miscellaneous groups of ab¬ 
stracts month by month, the 
plan has evolved to the present 
practise of publishing, di¬ 
rectly in conjunction with the 
meeting at which they are pre- 


Contents of ELECTRICAL ENGINEERING 
for the 12 Issues of 1931 


Classification of Material 


No. Pages 


1. 137 technical articles giving the essential sub¬ 

stance of 150 A.I.E.E. papers (also 29 inter¬ 
pretive abstracts of Pacific Coast and Kan¬ 
sas City papers).>.. 300 

2. Annual reports of 17 Institute technical com¬ 

mittees. 90 

3. 33 special articles including non-technical con¬ 

tributions •. 86 

4. 27 special articles originating in or coming 

through Institute channels. 69 

5. News reports covering three national conven¬ 

tions, three District meetings, and other 
Institute activities. 85 

6. Brief reports of 492 Section and 1,112 Branch 

meetings. 67 

7. 1,231 selected references to current periodical 

electrical literature.. .. 48 

8. 311 personal items pertaining to activities of 

Institute members. 33 

9. 798 items from Engineering Societies Employ¬ 

ment Service. 27 

10. Reference listings of A.I.E.E. official and com¬ 

mittee personnel (published in full in Janu¬ 
ary and September, in part in February and 
March)... . 21 

11. News of activities of other engineering societies 18 

12. Postings of 1,073 members for election or 

transfer... 14 

13. Notices of 165 new books of interest to elec¬ 

trical engineers, as received by the Engineer¬ 
ing Societies Library. 11 

14. 13 “Letters to the Editor” (a new column 

started late in the year)..... 0 

15. Miscellaneous material... 74 

Total pages editorial content.... t .... 998 


portance and significance in 
connection with these im¬ 
provements is the fact that, 
at the same time, production., 
costs have been reduced ma¬ 
terially. 

Open Forum 

In its present experimental 
“Letters to the Editor” col¬ 
umns, Electrical Engineer¬ 
ing offers to the members of 
the institute a readily avail¬ 
able channel for the frank and 
informal discussion of almost 
any topic of timely interest. 
These columns are gaining in 
apparent popularity; certainly 
they merit attention and wide¬ 
spread use. 

Your Journal! 

The monthly publication 
Electrical Engineering is 
well understood to be one of 
the Institute’s most important 
services to its every member; 
therefore its publication com¬ 
mittee and staff are deter- 


A « J i . ,, „ . • UiiLLCC cUJLU SLcLUL tile UeiCT- 

of car< : f ully prepared inter- named to pursue relentlessly every opportunity to 
pretive abstracts. _ Thispresent plan accomplishes a make this service more widely useful and more 
wide and + tune distribution of essential facts covered definitely valuable. It will continue to pioneer 
m current papers, and clears the way for a full and in- the way in the direction of greater and more 
dependent treatment of those subjects of greatest effective publication service to Institute members; 
tnndy nnportance and widest general interest. it will continue to prosecute experiments into un- 

UUtiat ? d throu ^ h i the known portions of the field represented by mem- 
S ? P ^ rt f th P^ bllc f lon committee, seems defi- bership desires; it will make mistakes, undoubtedly, 
nffdy to have come to a dose. In fourteen successive but it will not falter in its effort to serve. Its atn- 


issues some 1,458 “selected items” from the Engi¬ 
neering Index’s current periodical reference service 
were republished. Since the complete reference 
service is rather widely available through the libraries 

rtf flip rtnilti+nr o+i/4 _ j . _. 1 . _ _ . * , • , 


bition is to be neither the first to absorb every new 
idea, nor the last to abandon an old one that has 
become out-moded. 

Electrical Engineering is your publication, pro- 


" , r.--.--o— xvivvjjjxjsisiujNuis your puoucauon, pro- 

f ^ 0 “F^ eet subscription, and duced aggressively to the composite specifications of 
J ace a . vailable in tbe Institute’s membership. Use it! Contribute 
P ub ^ation experi- your ideas for its improvement that it may continue 
ment was concluded m the February 1932 issue. to serve you, and better 
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The Relation of 


Consumption, Product 


ion 



A 


9 

A Progress Report of American Engineering Council' 


in January 1931 anointment’t ^ urt , llei : m ° r< -;> in vi «w of the natural resources the 

special committee to study the rdatioi^hefmf™ technological development, the limited degree of 
consumption, production, and distribution When a e P en ^ enc f upon foreign countries for raw materials 

s&S d th^rwtg tee sur ^ ^ task “ faCtOTS WWch Charact -- «>e 


gested points of attack re¬ 
lating to the balancing of 
economic forces: 

1. Maintaining or increasing the con- 
sumption of goods and services 

2. Balancing of plant, machinery, and 
processes against production demands 

3. Balancing of distribution agencies 
against consumer requirements 

4. Balancing of man power against 
production and distribution demand s 

5 - Controlling of money and credit to 
satisfy lie needs of government, busi¬ 
ness, and individ ual* 

6. _ Encouragement of research activity 
to increase human well-being, through 

development and progress in industry — .. . . 

and business 

a e ~' 

To this hst has been added one other, which is nionship between the two sciences. 
toIr!. Ved + n i' 11 of ^ he others > and is of such impor- ^ „ 

tance as to demand particular study: Present Situation Inadequately Explained 

8. Balancing of agricultural supply with effective demands. 


Council has undertaken a comprehensive 
study of a far-reaching problem which in 
one way or another undoubtedly affects 
every member of $Jie Institute. In recog¬ 
nition of the highly controversial nature 
of this whole general subject, essentially 
the full text of a progress* report is pre¬ 
sented in ELECTRICAL ENGINEER- 

without comment, but with an 
open invitation for comments, criticisms, 
and suggestions. -The Editors! 


The committee believes that in a 
degree the desired economic 
ean be realized in the 
United States, even though it may be 
impracticable to accomplish such a 
purpose throughout the western world. 

This thought is contrary to a 
large body of opinion which 
questions the ability of the 
United States to rise above 
world conditions. * 

In studying the problems 
outlined, the committee has 
not confined itself to engi¬ 
neering viewpoints, nor to 
engineering solutions. Ob¬ 
served similarities between 
engineering and economic 


Econoimc balance obviously can be attained at 
widely different levels of the general standard of 
living. However: 


In an effort to establish a working hypothesis the 

SX“ dea T d t ° £nd ^quTe expW 

Qiri? S +i? r the P r< : sent economic situation. As a re- 
evt^latf 1 +* committee finds the following popular 
explanations to be questionable and/or inadequate: 


Sd ?emmm t p e nrio+Lif t T Pre1 ? d its commission as being the selection to De qU€ 

%*£ hSat 1 of U S TecWogicd unemployment 

that is high, broadly distributed and free from severe fluctuations S manufacture and distribution : 

. . 'general over-production 

Being acquainted with the control of the forces ? pe ^ c » atio ° . . 

f S * proveinent ofmachmery, processes, and organiza- 

inhusiness, bSt no 


^ statement, is contrary to the assumption re- 

sa.?«■-* 

Press Co., New York N Y • F T . L ‘ P> vicc -P rea - Ronald 

Tel. Co. of Pa.. Pittsburgh pf'• & ^ mgr ' The BeU 

University. Ithaca icr v ■ t ti r m n S " Kifilball < d « aa > col. of engg., Cornell 
erairy, itnaca, N. Y., L. W. Wallace, exec. secy. A.E.C., WasMngton, D. C. 
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Mririor.r.A r TT, ‘ vv ' v '™ uu uusmess, out no 
x ? availa ble to prove this, and there is 
definite evidence to the contrary. This statement 
not intended to minimize the seriousness of the 

AtWs S tWff ? T Se from ^ologicai advance. 
At times the effect of progress does'f aft with crushing 

c up ° n ^dmduals, business firms, entire indus- 
tnes^ and whole communities. However, it must 
be remembered that technological developments 

• v • •••• • - . \ 
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“There are millions of have been going on for cen- sity'for applying new earnings to the payment of 
families whose power turies; also that the normal goods already in use, instead of using them to move 
to consume is lowered method of adjusting the vol- goods of current manufacture. There are, never- 
by faulty economic unie production to a gen- theless, unrealized possibilities of usefulness in the 
conditions. In* the ^.increase in production extension of consumer credit, provided it is done in 
opening of the dormant e . ffi ciency has been a progres- an appropriate degree at the proper time of the 
market, they represent ^ Shortening of WOTkmg t—* cycle . 

hours. Breakdown of mternational trade and credit. No 

Wasteful manufacture and doubt the demoralized economic condition in Eu- 
distribution, while of serious rope resulting from the World War has had a pro¬ 


lies the greatest hope of 
American industry.” 


proportions, cannot be as¬ 
signed as the primary cause of the existing unbal¬ 
anced economic condition, and there is no element 
in its elimination that could be used for direct 


nounced influence upon the economic condition of 
the United States. This is a serious situation. 
There is a growing belief that the financial and 
industrial operations of this country have been tied 


controi ^ the business cycle. Doubtlessly distnbu- to foreign operations too closely and in too com- 
tion inefficiency has mitigated the severity of the plicated a manner. Also it is believed that this 
problem of technological unemployment. Elimina- situation has not been of any lasting benefit to either 
tion of waste m both manufacture and distribution this or other countries. However, the breakdown 
should be aggressively pursued because of its direct need not be an insuperable barrier to recovery in 
influence upon raising the standard of living and this country in view of our wealth, natural resources 
increasing leisure. technical ability, and the small degree of necessary 

breneral overproduction is a commonly assigned dependence on foreign commerce 
primary cause for the business depression. In this 


point of view the committee cannot concur, al 
though there,may have been overproduction in 
specific industries. Individual readjustments re¬ 
quired often are violent and 
even destructive, but their ne¬ 
cessity Sever has been absent in 
good or in bad times. There is 
no evidence that their effects 
have been cumulative at this 
time. In view of the large in¬ 
crease in consumption physi- 


Apparent Causes of Present Depression 

• The typical business cycle is characterized by a 

failure of purchasing power to 


- -— — — -— — Jf — j^V If M VU 

"The depression which began in 1929 seems keep in balance with production, 
to be the recession phase of a typical busi- A classical economic theory as- 
ness cycle occurring coincidently with a serts that purchasing power nor- 
typical post-war deflation, and aggravated maU 7 kee P s ! n balance with pro- 
by a unique agricultural distress and a Auction, being in its nature 

-, r _ slackening of the opportunities for invest- an i, COn- 

eally possible in this country, the a profit. This is a sound statement t 7 ^? ry 

probability of having ap- of the cause of the present depression be- * here 

proached a condition of general cause it comprehends a large area of ob- ther expanding nor contracting 

sosssl. _ 

ing k nowfr r °£fd balance be . tween production, purchas- als, governments, and the like^ do the same tiling. 11 

Thr^ r^^T- u That this is not the normal course of business, 

thf^ Ch K?^f eded the because both individuals and business enterprises 
aggravatiW^emp^ fn ^ undoub tedlywas an find necessary the saving of funds for future use, is 
.SBJSSSf element in the economic situation, the contention of two well-known authorities, 

?!“? P h ~ n r aa , d lts °pp° slte > tbe unreasoning Foster and Catchings, in their books “Money” and 
?actors W hut ^ im P ortant psychological “Profits,” and then numerous magazine articles, 

business ^LeS^n k < ? use ® of th <: f or * time at least, this act of saving withdraws 

^sumotionS tbP • tlme + ho ?°• ed ? und . s from Phasing power, and thus makes it 

influ^ce ^ ket 1S it. steadyin S impossible for society as a whole to buy all the goods 

i^o ^ a myth ’ ft least produced. This is their celebrated “paradox of 

m so far as the security market is concerned during thrift.” The authors recog- • 

periods of expansion. If the open market is to nize the fact that money and "Keynes says in effect 
justrfy its existence upon the grounds that it has a credit are elastic ”S£s CXTSs"JTS 


steadying influence on prices, it must accomplish 
internal reform to bring its performance in line with 
this assumed purpose. Investment bankers and 
the speculating public both have definite responsi¬ 
bilities in the matter. 

Installment buying. The wide extension of com 
sumer credit masked the failure of purchasing power 
1_ " e P in step with production, a primary factor in 
oom which ended in 1929. In the situation 


TT H A -' * 1,1,1 niii»ii, ihiv vi 

Under some conditions they j n vestment exceeds the 
,Tn fir «f? and make rate of savings, business 

up for the amount withdrawn 
for savings. 

A well-known English econ¬ 
omist, J. Maynard Keynes, 
in his voluminous, brilliant, 
and difficult book “Money,” 

sI ?* enm 8 de ‘ shows that the normal way in have to be modified 
, ba ^ ce P r °- w hich savings are returned to somewhat to apply lo 
has been hindered by the neces- purchasmg power is'through American conditions." 


improves end prices 
rise; when the rate of 
savings exceeds the rate 
of investment, business 
recedes and prices fall. 
This statement would 
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ike act of investment. By investment is’meant new 
investment. Purchasing power is increased, and 
hence the tendency to maintain a balance between 
production and purchasing power is established, if 
the savings or moneys are used in investments, in 
new. buildings, factories, homes, utilities, and other 
new wealth-producing activities. 

. As an example, it is probable that the general 
purchasing power of the country was maintain^ 

,no C C ? m ?v ratively P ros Per' 0 “s years ffom 
1922 to 1926 by the rapid flow of millions of dollars 
of savings into the expanding automobile and other 
industries. Savings were not held out of purchasing 
power to any appreciable extent during that period 
and thus purchasing power kept step with produc- 

According to another Englishman, J. L. Hobson 
(see especially his book “Rationalization and Un¬ 
employment ) when too small an amount of the 
disbursement of wealth goes to those who earn 
•wages and small salaries and too large an amount is 
paid those who earn large salaries and receive divi¬ 
dends, there is likely to accrue savings which cannot 
be invested profitably. In such a case the rate of 
savings exceeds the rate of investment and hence a 
business decline is initiated. * 

This general theory basically looks upon unin- 
vested savings, of which there are hundreds of 
millions idle m the banks of the United States, as 
equivalent to unbought or at least unpaid-for goods. 

basis of thl s general theory, any increase in 
disbursements to the lower-paid classes is likely to 
broaden the market for goods. This is the Ameri- 

busi ; e ss requires high wages, 
that the . f a sh of 1929 reemphasized 
rather than disproved. However, it cannot be 
assumed that all money paid to American labor will 
go immediately into purchasing power because the 

a ggregate volume of the savings of American 
workers is large. 

Another important point is that the distribution 

of profits not supported by actual increased pur¬ 
chasing power F 


gives an illusion ' > , . " 

of permanent ™ S ["" pro f sses of " ormal re ‘ 

prosperity. As a c . overy f ' om a depression have been 
consequence, dc * cr, h®d as consisting of the gradual 
stocks rise, exhaustion of uninvested savings, the 
money flows into writing off of bad debts, and the 
the stock market borrowing of money on life insurance 
in preference to to sustain existence.** 
seeking lower re- T “ ■ 

turns from investment, and an uncontrolled and 
inevitably disastrous boom is on. 

The grim processes of normal recovery from a 
depression were described by Virgil Jordan (“Eco¬ 
nomic Aspects of Stabilization,** read before the 
"■^crican Society of Mechanical Engineers on Dec 
2, 1931) as consisting of the gradual exhaustion of 
uninvested savings, the writing off of bad debts, and 
the borrowing of money on life insurance to sustain 
existence. Other large scale operations of the same 
character and effect take place. When these pain- 

Iiu P 3 ?? 68868 readjustment have proceeded so far 
that the purchasing power of the market exceeds 

June 1932 


current production and a lack of goods is indubi¬ 
table, recovery commences. 

Such appears to be, in its simplest terms, the 
nature of the typical business cycle, which in part 
is responsible for ___»_ p 

nomiTdistress C ° J W ° s,mibr depressions occurring in 

A post - war ! his countoy f,om 1820 1850 .»d 

Deflation of “sec- [ om 1870 . to 1895 were alleviated by 
ular” or long *he expansion of our western frontiers, 
term duration is new inventions, and the* discovery of 
the second ele- important new gold fields. Mining 
ment in the pres- engineers now report that gold pro- 
ent^ business Me- duction is on the decliWand that new 
pression. Not strikes are unlikely.’* 
the least of the - - ---—■— -- 

miseries and injustices of war is the fact that for 
nanerng such a struggle no means have been dis¬ 
covered that do not involve inflation and the arbi¬ 
trary and unsound expansion of the amount of 
money m use. All of this is reflected in a rise in the 
general pnee level and an immense stimulation of 
business. After a war ends, inflation normally is 
followed by a compensating deflation which may 
b ? sbar P “_ gradual, controlled or uncontrolled; 

experiencing the effects of 

Deflations of the same type have occurred twice 
before m this country. From 1820 to 18&) there 
was a long-continued decline in the price level, 
characterized by bank failures, severe financial 
distress, three or four cycles of depressions, and 
pohtical unrest. The discovery of gold in Califor- 
ma m 1849 started a gold inflation, which is claimed 

r„fltocwfe mod ° f recovery wHch ,ast - ed 

The second similar, decline followed the mid¬ 
century wars of Europe and the United States and 
lasted roughly frorn 1870 to 1895. This period also 
was characterized in the United States by labor 
^ubles^agncuitural and political unrest, “green¬ 
back difficulties, and a general retardation of busi¬ 
ness. It was in part alleviated in this country by 

the expansion of the western frontiers, by the 
development of natural resources, and by new in¬ 
ventions. This period was terminated by the dis- 
covery of gold in Australia, Alaska, and South 
Africa and the invention of the cyanide process of 
gold extraction. 

The world now is experiencing a secular price 
decline arising from similar causes. In the two 
previous periods mentioned, the declines were ar¬ 
rested by new gold discoveries. The seriousness of 
the present situation is deepened by the fact that 
mining engineers feel very doubtful of any new 
large scale additions to the gold supply which would 
start a typical gold inflation; meanwhile the old 
mine workings are becoming less productive. The 
prospect is serious. Society does not prosper under 
a long continued deflation. 

, Jhe agricultural crisis is typical of a post-war 
deflation, but in the United States agriculture is 
now burdened with new ills, particularly with regard 
to the great staples, wheat and cotton. Wheat is 
feeling not only the impact of the expansion of new 
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territories, in Canada and Russia, but also that of extent, variety, and complexity of these oopratinm 
new varieties and processes A similar extension are beyond hiW comprehension or ?alcXion 

£=«? mbi sacs aSS5Bas£sf,rs,wS? 

distressful. Tis one rLpoSe to deep^ttSmoti^- in1n^“ onomy it fs^a fufd? 

th pS w n °r n tUati0 “ “ £*■ C< W * me ntal requirement for confeue^^L enee and 

p^t toffiSg7 r a apTd C “ Tf seems mits the su perposition of many other less impend 

dentty equipped with railways, steam- '' Rem ' di - al • eBv ““ |* Kmofe^tud^^ 011 ** ^ 
ships, factories, and mines to meet all of such a natu ; e that the V do p P 

of its* reasonable needs for some years not rec ! u ' r « 6 beyond-human 
to come? There is of course much knowledge nor a beyond- 
work to be done and many improve- human skill in planning, to 
ments to be made, but is it unlikely become measurably effective, 
that the past rate of acceleration of Also, they must take human 
investment in mechanical equipment nature as it is found, employ- 

It is easv to become undnlv ami 9 b , ° des,res and f ? ct that there was but one customer, 

maturely darned m thk mltte but iWt ", ’ ltali of United[States; one objective, the 

such a possibility is in the minis of app ?! n9 ® om P u J slon - These wmmng of the war; unlimited re- 
many engineers. If the opportunities considerahon . s seem to ru ^ that is, the artificial extend- 

for new investment should decrease out most of the fi ve-year, .f^ credlt which goes with war 
appreciably, prosperity on the Keynes '*"-**&' twenty-year T “ e mec hamsm which 

formula would become more difficult. P ,ans which have been pre- oc ^? slon will not 

However, *a countervailing factor is sented recently.” T*' T . he other attempt at 

that one of the results would be a -——- complete economic planning is that 

De a going on m Russia. This effort also 

_ jl r j • -a - 


— — —— — — — ^ w^/MAyuuit 

Remedial activities. Two recent 
attempts have been made to bring 
this. incomprehensible mass of eco¬ 
nomic transactions under control. 
The first was made by the U. S. War 
Industries Board during the World 
War. This task was simplified by the 


ment. 

* 

Suggested Lines of Action 

* 

The foregoing analysis seems to cover the nature 


permanent lowering of the interest rate, which in has been simofified wT ™ S ^u* a J?° 

^would broaden the field for profitable invest temper-ySwfttdJd 

The American people have established a going 
mechanism of money, credit, labor, and services 
which operates to direct the flow of that complexity 
of goods which the “aerial observer” saw. Right 

thzt Ms i^vStiXof “S^wf ° n ficiencies * im P rove its organization, and lnbricrte its 

ie mtire sft 5 ‘ n ? °. ver governmental and general financial policies which 

plification as is possible will r p<?iilt frn S1 - m " ^ a f^ e operations and large sums of money 

se» 

If one could take a nositinn t u an swer the question: How can the rate of savings 

the sufficiently far above and the rate of investments be balanced? 

iaffidSrt kee^eSof^&onTo Cd • °l Taxation . ma ybe used to secure the desired bal- 
wliat is going on in the United Stafp<? a« a f °? t increasing taxes during one phase of the 

would observe rivulets of matpriak 1 ^T 7 * 10 ^ be business cycle, excess savings may be decreased; by 
■Urn forSTmiSand floating ? ovemmellt bonds at another phase an 

streams in their flow towardffidustrial^stablkh 1 °PP° rtumt y ma 7 be provided for investing savings, 
ments Thence hp wnniri +t, « •H. e ®^ a bbsh- One means by which this can be accomplished is by 

flowing in smaller streams to th™fc tadgeti ^ 8 ° f lon S- term governmental 

^d^S^e^hS^XeX 117 ' “X; . Loa ^rm budgeting is one of the new mecha- 
it were visible there wniiM 1 • i naumers. If msms of management that has resulted from a union 

01 and financial prindples, and one 

w 01 money and credit m its various forms. The recognized as essential to first class business man- 
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ance its income and expenditure in each fiscal year tion The nS be US - d m the P resent situa- 

is not in accordance with the principles of good term* w f n °4 borrowing on most favorable 
management. The government should recomize paS ; ed > * he ne f ded governmental re.- 

that in the course of a* business cycle there i* a^?me t pubhc works control has not been 

to tax and a time to relieve taxation a tLZZn f ^ ^ study needed to coordinate tjie 

borrow and a time to repay a time’ to P^°S ra m ha^ not been given. The possibilities out-* 

- money and a time to contract it and a time £ bned ^ ? ot ^ e ? ome fud y available except as they 

^ f ° r ^ ^Vt X o ** the * turn of 

of borrowing for extending public works this action ormdmduals . otherwise would do, no 

would have a quick remedial effect on the bu S ines= f ° r ex P enditure « investment aVe 

situation. By drawing them into govemmenTS -?S2£ k ¥*" a T” ues Required if there is to be 
tivities, such governmental borrowing wouMserve rate ^inv^Lt ^ *** ° f Saving “ d the 

to reduce the accumulation of savinls seeking to! S 1 °^!!f‘? lent : „ 

vestment. g s n Furthermore, state governments, counties; and 

The time for taxation is when business is rood and ^If 1550 mUSt SO J . adjl J st their taxation and 

profits are being 1 made Taxation tt, P n + a i borrowing programs as to draw their required 

*om profits, has the effect of reducing thelmount Savings seekd ?S investment, rather 

of funds seeking investment and flowing into SDecu nncra s ^ h , sou . rces as will Place a burden on the 
lative channels. The concurrent repayment o*f the Ttik oSpL buying ' sel,m g. and manufacturing, 
sums borrowed in the earlier period ofthe cvcle - g ?J er f ex P anslon of the income tax 

tends on the whole to contract currency and ttm* £ -n*Z’ mdlvldt;ial and corporate, with perhaps 
acts as a brake on that upward 7 ^ a new emphasis on earn ? d versus unearned income 

movement of prices that is one of "Thl *■ £ . . 85 against property tax, sales tax, 

the factors building up the specu- 1 °” °* "T "* 7 “ an ° the [ a ?l oth T similar Policies. Some 

lative structure of a boom. possibility for large scale governmental of these latter taxes, such as that 

Furthermore, it does not ap- , nanc ' a ac *' on - The seriousness of on gasoline sales, are useful and 
pear desirable to lay aside re- ac ^ contr ol of money value (or, easily collected, and their elimi- 
serves in prosperous times to ^ enera ^ P flce level as reckoned on a nation is not urged. However, 
spend oh public works in dull P r °Perly selected Index) is beyond the “T offer no creative possibilities 
times. Such an accumulation of P° wcr of words to express, because the SU 5r af appear in the income tax. 
funds would be embarrassing to world probably is in full movement on a national public 

the necessary balance between secular decline with only minor short- !n -K As¬ 
sayings and mvestment. In large lived imtum* in u- ■ * * can Engineering Council has been 

scale governmental operation^ ™ ! ,,, ' mport * n ‘ working for more than a decade, 

is preferable, contrary to the ac- ,ij fin * nc,ere ««>"- > s necessary for carrying out the 

cepted principles 3 fit.™.™.! ' d j ( h ' lr '*" ,udes °" tl,i5 « oe,H ° n - A suggested program; likewise for 
morality, to borrow, spend and T L | attcmpt . to aiscover a safe and the states, counties, and munici- 
repay rather than to save’ and re ,a ” e means °* controlling the value of P&hties. While the suggested 
then spend. money is required. Instead of being a program may appear to require 

To recapitulate, borrowing, question that is tabooed or ignored, it f? ^ ar £ e r amount of public works, 

public works, taxation and retire- s ^ 0ldd be looked upon as the most im- cfjv...,. ^ ^ than 

ment of borrowing applied at Podant financial subject to which those £ ustoma ry, this is not necessarily 
such times, in such degrees, and in charge of the world’s money can de- o P ° SS ?I e tha, Mi ?° 

m such ways as may be found by vote their energy and attention The,* g * i° tal expenditures wiU be 
experience to be useful, will have should r»n *■! * ..... required over the course of a 

ssararAds bms*-* - *- 

srsc s s?. — 

astrous lowering, and work will be furnished- all nf tiL ^ )CU ? 1 ® nt ' ^ ext to ^e internal balance sheet 
three at a time when they ar^ost needed kuf ?! a ° d e *P eadtt »«* of the goverumeut, 

the reduction of public works increased taxation’ mos , t + i i m P ortan t document prepared for the 

and ‘^» of loans will release men required Ions of thlcotSry al “ d b “ SineSS ° pera ' 

lations“ g on“y whkh^fod uo^^^^hlfw Jt "^Wof this balauce sheet indicates 
and, at a time wtoa mo^ttSled reSmt^ ? at forth" extension of foreign loans at this 

hysterical rise ilTthe price level with afthifteain °“. the basis of any practical 

of disasters which follow therefrom increasing tiie counter-balancing items. 

These poHdes are not capahle of immediate ap- to suchteriS^^t^c^S 
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as to make the recovery in this country less assured of labor rates as between the building trades and 
and decided, and that without compensating ad- those whom the buildings are to house, with due 
vantages to the world situation. The duty of those consideration to the annual earnings of building 
in control of the international financial operations trades labor. When the investment market ac- 
of this country clearly lies in keeping a close eye on customs itself to a lower rate "of return, capital will 
the balance of international payments to the end flow into this channel. Furthermore, the increased 
that no greater credit extensions be made than can standard of living contemplated will enlarge 'the 
be repaid by imports, foreign travel, and the like. market for household furnishings, equipment, and 
In the event world conditions shouSd become conveniences, 
increasingly, chaotic, the * Increased investment 

organization of world fi- “ " .. ! 7“ - -TT—T , . also is possible in small 

nance and commerce will Dec e ntr.liMtion of manufacture offer.. useful mediod of ;tems £ talin a large 

be best initiated in the *? ,fe,n S * balance between agriculture and manufacturing. amoun t. Engineering 

smaller units of the na- Only a few industries, such as that engaged in steel produc- analyses of the advisa- 

tional economic empires. *«on, must be organized^on a scale so large as to surround bility of investments in 

The British Empire fur- themselves inevitably with urban conditions. The present new equipment by indus- 

nishes one such example tendency to locate units in smaller communities should be tries well established and 

and the United States and encouraged for the sake of human as well as business values, running may well become 

hs dependencies another. Besides offering a greater stability to the life of the work- a vital link in the main- 

man trough the opportunity for gardens, poultry yards, tenance of general eco- 

tory attitudes toward the * nd W *'- H * ko resion in which noml f Prosperity in this, 

rest of the world may offer any nec< ^ cc * interchange of manpower between manu- The recognition 

the best hope for world ^hiring and agricultural activities could be made as thorities arid ttiekmlani 
progress in t£e immediate changing condition, might require." zaSon to toe 

, ' a f , u ■ , . ' . • - titude of small invest- 

Tools of control for the needed international flow ment required may, in the aggregate, furnish a 
of goods and credit he in the government’s s\jper- sufficient channel for investment to answer for 
vision or the extending of foreign credits, and in the many years the purposes of sustained prosperity, 
application of the tariff Both the tariff and the To make this effective, however, financial leaders 
control of credits should be viewed from the stand- must recognize the economics of the situation, and 
point of this total situation m a way in which they must consciously organize for this specific purpose, 
do not appear to have been viewed in the past. A helpful procedure would be to set up 'in each 
The condition of agriculture does not lend itself banking organization an engineering staff which 
so Readily to practical recommendations as do some should be as aggressive in searching for opportuni- 

of the other elements of the general economic prob- ties for sound investment as the sales departments 
lem that have been considered. However, tn tin KoAti in j___ 


lem that have been considered. However, to no 
other group would a stabilization of money be more 
helpful than to the farmers whom the deflation hit 
in full force long before it was felt by other indus¬ 
tries. Agriculture has no inherent self-protection. 

Government reclamation policy should be con¬ 
sidered from now on with great care. No new 
areas should be brought under cultivation with 
public funds until every aspect of the resulting in- 


have been in enlarging the lists of depositors. 

This discussion again raises the question of public 
works. Herein lies an almost limitless field for the 
investment of private savings for public good that 
is socially profitable and economically stabilizing. 
To some extent the requirements may be realized 
and met by private initiative, but to a large extent 
it will have to be done by taxation. Moreover, it is 
in the interest of general business, when the rate of 


creased production has been canvassed iZlaZ 7 • i OI generai Dusmess < when the rate of 

extent by the federal and state e-overnrr,en+o S neither spent m consumption nor invested in capital 
could be carried bn and financed, by proper timi™ ft^doe^ ™P°!; ent “ * e hands of the one who saves, 
in the business cycle, in such a way "m^vf Lety the SaVer ’ and * does injure 

the general situation. p.Z,V , . 

Profitable investment opportunities mmt ™,r Q s 7 ^“ sl . ons » unem P lo y me nt insurance, life and dis- 
posefully be searched out if this country actuallv ic nntaP" J nsurance ’ and other similar industrial pro- 
nearing a saturation poiht E° Sals de ? erve ? l0S t careful study. The necessity/ 

ment. Heretofore the demands for capital to^sup" tic^^'i!° r suc 1 h "^ pnva * e teHef as is suggested, par- 
ply new construction and manufacturing activiti^ + 6n lS l0yment in s u jance—will diminish in 

havo a bs or be d the money available for invesLent. LtLS herein^ °* the governmental action 

into profitable industry the of S years aa ® ociatioils should be developed further, 

to come? Will it be tie buiuLgolhousL? Iflo to ^ P^ted, but compelled 

the,cost of their construction wifi have to be dunn/ indi? a +^ er —a a. 154810 , lnfor mation relating to their 
idled by new methods and by a bett4 
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conclucie that the increased overtime was necessary his decision 
would be justified by the added consuming power involved. 


orders, cancellations and capacity utilized. Such 
information would assist in planning every thin g that 

can be done industrially to maintain a steady flow Such a policy would have to be on an industrv 
of business. Ignorance of or inattention to such wide basis or the progressive and socianv ndnd^d 

rteTatXun^se ^ would be^SL S^ 

SSrtfd fa ™ policies which have con- Employment agencies, in a thoroughly coordi- 

£ould d be developed for b the n intrnd. OU f d na ted country-wide system and with a ? well-trained 

snouia oe developed tor the introduction of new and efficient staff, are Essential. This is a nressinfr 

processes and machines into its field, so that indus- unfilled need. Employment is a highly specialized 

tries may make needed changes with minimum problem and one of vital importance to^ny plan of 

woS 10 dlStUrbanCe and distress to‘individual controlling economic forced ° 7 P 

Il r ? ° n f pr0fitab1 ^ be squired 

^ 0n ! y i Sta ^ dar l prmciples and uniform P° lic y under normal business conditions Such 

methods for cost keeping, but also standard prac- arbitrary control leads inevitably to stringent sov 
t ses for finanaal reports to stockholders. Finan- eminent regulation and offidal price fixffig* g 
cial reports should be made public even though the P g : 

securities of the companies are neither listed nor General Observations 
held by the public. Such a provision would en¬ 
courage new money to flow into those fields where Although the 'issues discussed in this progress 
.investment is likely to be profitable, rather than report have not been thoroughly studied, thev com- 

mto those where _ a loss may be easily incurred, prise the broad outlines of the problem of economic 
Associations should make a thorough, continuing balance, and they are subject to determination 
study of consumer credit and installment selling, There is an evident need for a more detailed and 
It wouid be most useful, at any given time, to know: exhaustive consideration of them, and of others not 
whether installment buying were increasing or de- mentioned. 

creasing, whether payments were prompt or de- * Arbitrary control of modern industry and com- 
layed, the proportion of returned goods. Informa- merce in all their ramifications, complexities and 
uon of this character would be exceedingly useful details, clearly is beyond the power of human beings • 
in developing policies of economic control. influences now at wort muct _ ’ 


-- ww nv/uiU UAV.LtU.ll 

in developing policies of economic control. 

A shorter work-week should receive the serious 
consideration of industry and commerce. The dis¬ 
tribution of wealth between consumers and investors 
probably could be much improved by adopting new 
working hours and new overtime policies. • For 
instance, it is reasonable to believe that if in an 
industry normally operating 50 hr. a» week the 
working hours were shortened to 40, with 50 per 
cent overtime pay up to 45 hr. and 100 per cent 


influences now at work must continue to govern its 
details. In particular, the profit motive and the 
active force of competition must be retained in such 
effective operation as will give society the benefit of 
the continuous improvement in methods and lower¬ 
ing of costs which they are capable of giving, but 
they must be restrained in their destructive .and 
unsocial manifestations. 

Since uncontrolled development has brought 
about so many undesirable results, there is iustifi- 


pay U p tu ur. ana iuu per cent aoout so many undesirable results, there is iustifi- 

overtime pay beyond that, the influence of the cation for taking such chances as may be involved 
chsinge would be in the direction of maintaining in developing rationally controlled economy. How- 
good business because: ever, experimentation in social matters is serious, 

1. Shorter normal working hours would constitute a permanent and therefore must proceed with wisdom and cau- 

spread of employment.” tion. The problem of the relation of consumption, 

2 . As business improved and the number of hours n *,A . i. 

became too. small, the overtime rate effective up to 
45 hr. a week would assist in increasing the distri¬ 
bution to consuming power necessary to maintain 
the increased business. The extension of working 
time to where 100 per cent for overtime applied 
would add still more to co nsuming power. 

3. The cumulative overtime would act as a 
damper to unwise expansion of activity. The busi¬ 
ness man would calculate more carefully before 
allowing rein to his enthusiasm. When he did 


$ -—;--^^**wvf***|/ VJlULI) 

--- — production, and distribution is one of 

What is being contemplated su P reme importance and world-wide 
, nAtl,!.. i_it_ i.l_ _____ scope. There is no human m-nhiAi-n 


is nothing less than the pur- SC ,°P^ There is no human problem 
posefgl ch.n 3 ing of the wluch compares with it in difficulty, 
course of history. To such an %£*** or hopefulness More and 

dertalcing the highest hu- an d devotion of the most intelligent, 
capacities of our time unselfish, and far-seeing men and 
must devote themselves. women of the body politic. 
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Telephone Handset 
.. a Product of Research 


Many problems Had to be solved before 
the handset type of telephone, now so 
popular with the public, became a prac¬ 
tical reality. This article tells how some 
of thesfe problems were solved, and how 
the characteristics of the present handset 
differ from those of the desk stand in- 
strument. 


"By 

W. C JONES 

MEMBER A.I.EE. 

A. H. INGLIS 

ASSOCIATE A.I.E.E. 


Bell Telephone 
Labs., New York 

American Tel; & 
Tel. Co., New York 
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ALTHOUGH the idea of mo unting a 
transmitter and receiver on a common handle to form 
a handset was conceived soon after the invention of 
the telephone, and although handsets were in use by- 
operators as early as 1878 only recently has it been 
possible to realize the convenience of this form of 
telephone set in the Bell system without undue 
sacrifice of performance as compared with the desk 
stand. For this reason the telephone system in this 
country has been built up in general around the 
desk stand which permitted the utilization of the 
available instruments to best advantage. 

The greater difficulties inherent in the design of a 
handset as compared with a desk stand are due partly 
to a difference in the use of the instruments and 
partly to necessary differences in structure. The 
controlling difference in the use of the handset is 
due to the greater freedom permitted the user; this 
results in a wider range of positions for the trans¬ 
mitter, with a consequent tendency toward much 
greater variations in transmission characteristics and 
resistance. These variations may render the trans¬ 
mission unsatisfactory, and also may interfere with 
the operation of associated signaling and switching 
apparatus. The more severe handling of the handset 
transmitter also tends to accelerate aging. 

Practically all commercial telephone sets are of the 
so-called “invariable” type in which the transmitter 
and receiver are connected to the line at all times 
while the set is in use. Therefore, part of the trans- 
output is conducted to the lo ca l receiver * in 
addition the instruments are coupled to some extent 
through the air and, in the case of the handset, me- 

a P t »"The Devetopment of a Handset for Telephone Stations" presented 
at the A.I.E.B. winter convention, Jan. 25-29, 1932. p ted 
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chailically through the handle. If the amplification 
afforded by the transmitter is greater than the total 
losses in this side-tone path of receiver, air, and 
handle, sustained oscillation or “howling” may be set 
up. This condition is of course fatal to trans¬ 
mission; in practise it is necessary to operate well 
below the howling point to avoid serious transmission 
impairment from transient oscillations. 

The handle of the handset definitely establishes the 
distance between.transmitter and receiver: If it is 
too short, 'the user may not be able to hold the 
receiver on his ear with the transmitter in front of 
his lips; if it is too long, a transmission loss is 
introduced by the unnecessarily great distance be¬ 
tween the transmitter mouthpiece and the user’s 
lips. If the convenience of the handset is to be 
realized fully, the handle must be comfortable to hold 
and the complete handset must be light to avoid 
fatigue on the part of the user. 

While many incidental problems have required 
solution during the development of the handset 
shown with its mounting in Fig. 1, this design is* 
largely the result of a systematic attack upon 
the more fundamental problems which have been 
discussed. In describing the handset and its charac¬ 
teristics particular attention will be given to the 
features of importance in the solution of these 
problems. 

Transmitter Construction and Characteristics 

The transmitter is assembled in a die cast 
aluminum housing forming a unit which mounts in a 
threaded bushing in the handle. (See Fig. 2.) The 
molded phenol plastic mouthpiece, dome, and spacing 
ring insulate the electrical circuit from possible con¬ 
tact with .the user. The carbon chamber of the 
transmitter is of the barrier type and differs materially 
from the ordinary direct-action type employed for 
years in desk stand transmitters. As may be noted, 
the diaphragm is insulated from the carbon. Both 
electrodes are stationary and are separated by a 
ceramic barrier; the electrode adjacent to the dia- 



Fif. 1. Telephone handset now in use, with dial 
type mounting 
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■CYLINDRICAL ELECTRODE 
■granular CARBON 
■HEMISPHERICAL ELECTRODE 
■FILLING HOLE. 

'PAPER RING SEAL TO PREVENT CARBON LEAKAGE 
MOUTHPIECE 

Fig. 2. Cross-section of handset 
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and desk stand transmitters 

phragm is cylindrical; the other, hemispherical. 
This arrangement insures good contact between the 
carbon granules and electrode surfaces, and between 
the grannies themselves, for all of the positions in 
which the transmitter is likely to be held.* The 
resultant uniformity of resistance with position as 
compared with the conventional form of desk stand 
transmitter is shown in Fig. 3. 

lew and relatively uniform carbon noise results 
from the uniform contact pressures and resistance of 
the handset transmitter*. It may be noted from Fig. 
4 that the carbon noise of the desk stand transmitter 
under handset conditions would be from 5 to 30 db. 
greater than that of the handset transmitter. 

One of the unique features of the new handset 
transmitter is the_ location of the carbon chamber jh 
front rather than in bach of the diaphragm. By this 
arrangement the carbon granules are held in contact 
with the diaphragm in all positions of ordinary use; 
uniform output and f aithful reproduction of speech 
sounds thus are obtained. In Fig. 5 is shown the 
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Fig. 5. Effect of position on output of Handset 
and desk stand transmitters 


difference between the output obtained with this 
transmitter and that secured with the desk stand 
direct-action tr ansmi tter. 

The diaphragm of the transmitter is made from 
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thin duralumin formed into a truncated cone with 
radial stiffening ribs; this reduces its effective mass 
and provides sufficient rigidity to insure vibration as 
a unit throughout the operating frequency range. 
Several impregnated paper rings provide a resilient 
support for the'diaphragm and add a certain amount 
of mechanical resistance. Appreciable * improve¬ 
ment in response results from the lower mass and 
stiffness and the higher damping of the vibratory 
structure. Between 300 and 3,000 cycles per 
second the range in response is about 20 db. with this 
transmitter as compared with approximately 40 db. 
for the desk stand transmitter. A marked improve¬ 
ment in articulation results from this better response. 

* 

Transmitter Aging 

Characteristics of a granular carbon transmitter 
change with use; this is due to two principal causes 
the abrasive action of the granules upon each other, 
and the deterioration of the surface of the granules 
from high temperatures caused by excessive contact 
voltage. The former is known as mechanical , the 
latter as electrical aging. Aging of the desk stand 
transmitter is principally electrical, while in the 
handset it is largely mechanical. 

Laboratory aging tests equivalent to about foul- 
years of handset service under severe conditions show 
that the change in the noise of the handset trans¬ 
mitter with age is of no practical importance. These 
tests show also that the output decreases somewhat 
and the average resistance increases materially during 
the life of instrument; the relatively small change in 
resistance with changes in position, however, effec¬ 



tively prevents the resistance from frequently be¬ 
coming high enough to interfere with the operation of 
signaling apparatus in circuit with the transmitter. 
In this respect the new transmitter represents a 
notable improvement over earlier types. 

Method of filling the handset transmitter con¬ 
tributes materially to keeping the aging rate low. A 
machine taps the transmitter while it is being filled 
with carbon granules, so that the chamber is filled 


practically full instead on only about 3 / 4 full as has 
been customary in the past. This reduces to a mini¬ 
mum the motion of the granules and changes in resis¬ 
tance which occur when the handset is placed on the 
mounting. „ 

Receiver ■ - 

• * 

The handset receiver as may be seen from Fig. 2 
is assembled in a*die cast aluminum housing which 
screws into an insert in one end of the handle. The 
cap and spacing ring are of phenol plastic; they serve 
to insulate the electrical circuit from the user. 

In general the receiver has been designed along 
conventional lines, but the choice of materi als and 
design of the magnetic circuit have resulted in in¬ 
creased efficiency compared with the desk stand 
receiver. It has not been considered desirable to use 
this increase directly; the higher inherent efficiency 
of the receiver, however,. is of appreciable indirect 
value for it has been utilized to improve the trans¬ 
mitting and receiving characteristics of the set, and 
to increase the stability of the receiver. These 
improvements have been effected without lowering 
the level of the received speech below that now ob¬ 
tained with the desk stand. 

Assembled Handset 

Dimensions and proportioning of the assembled 
handset represent an effort both to meet the technical 
requirements and to produce a sturdy structure, 
light in weight and comfortable to hold, as well as 
attractive in appearance and in harmony with the 
mounting. 

One of the major objections to the handset in the 
past has been its tendency to howl. Howling can be 
controlled in part by changes in the station circuit. 
It is desirable, however, that the handset be inter¬ 
changeable with the desk stand without other 
changes in the telephone plant; therefore it has been 
designed to be inherently free from howling. 

The solid phenol plastic handle employed in the 
present handset has a relatively high resonant .fre¬ 
quency and provides a comparatively inefficient 
medium for transmitting between receiver and 
transmitter disturbances in the frequency range where 
the instruments respond most readily. Another 
factor in eliminating howling is found in the character¬ 
istics of the transmitter; its light and highly damped 
diaphragm does not respond readily to vibration set 
up by the receiver and transmitted through the 
handle, and under the worst conditions a margin of 
at least 15 db. against howling is realized with this 
structure. 

Care has been taken in proportioning the handset 
to avoid an unnecessarily great distance between the 
lips and mouthpiece and to provide adequate clear¬ 
ance between the cheek and handle. Approximately 
4,Q00 head measurements were made to determine 
the proper dimensions ; these data are s umman d in 
graphical form in Fig. 6. All but about 3 per cent of 
the persons measured can use the handset by holding 
the receiver to the ear in the usual manner; the 

others can do so by a slight shift of the receiver on 

» ■ . - - 





Electrical Engineering 









soeeoK r - Th ?. of this' shift on. the refceiver 

r.rnt? 1S compared with the average im¬ 

provement m transmission resulting from the reduc¬ 
tion m average talking’ distance. 

o 

Performance in S^**- vic s 

the initial introduction of the handset; close 
contact has been maintained with its performance by 
tests and observations under actual service condi¬ 
tions, and by examination of instruments returned 
trom service. These observations have shown that 
although as used by "the subscriber the output of the 
handset transmitter "to the line is somewhat lower 
than that of the most efficient desk stand trans¬ 


mitters, the improved response and articulation are 
adequate compensation for the lower level. Trans¬ 
mission performance of the handset has been found 
to be as good as, and probably on the average some- # 
what better than, that obtained with the desk stand. 

Undesirable variations in transmission and resis¬ 
tance with change in position, excessive carbon noise, 
and howling, all of which heretofore have presented 
serious obstacles to the adoption of a handset for 
general use, have been overcome successfully in the 
design described. It has been found "practicable to 
use this handset interchangeably with the desk stand 
in the existing telephone plant without important 
reactions on either transmission or signaling ’per¬ 
formance. 


Commutation— 

A Switching Phenomenon 


Ideal commutation of armature currents can 
be obtained in l>ut very few practical cases. 
In all others, a spark occurs at both the 
reading and trailing edges of the brush, and 
the introduction of the concept of switching 
assists in explaining this phenomenon. A 
brief analysis of the various considerations 
entering the proBlem is given in this article. 
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^baOlVIIVCXJTATION theories usually 
deal with, the reversal of the current in the commutat¬ 
ing coil and with tn.oa.ns for bringing about such 
reversal either along a straight line or a curve. The 
principal object in suc3n studies is to accomplish com¬ 
mutation without excessive current densities under 
the brush. It is recognized that frequently it is im¬ 
possible to realize this, but little attention has been 
paid to the fact that unless such ideal conditions are 
obtained, we actually jh.ave to deal with a switching 
phenomenon and- tha.1: the problem should be ana¬ 
lyzed with this in mined. 

Let us assume that t ilxe circuit of armature coil 1 in 

Based upon. "Commutation .Considered as a Switching Phenomenon" (No. 
32-33) presented at the A.I.E.S. winter convention, New York, N. Y., Jan. 
26-29, 1932. v " 

June 1932 .. ' 


Fig. 1 is about to be short-circuited by brush B and 
that at this moment a voltage e is induced in the coil 
by its rotation in the commutating field, or possibly 
by the stator field of an a-c. machine. It is evident 

• that sparking in the minute point or edge of the brush 
'B which first touches the segment a will be influenced 
largely by the speed with which the circulating cur- 
refit in the coil can build up as compared wjth the rate . 
of increase of the area common to the brush and the 
segment a. This in turn means that the speed of the 
commutator will have an influence as well as the rate 
of increase of the circulating current. The latter is 
determined by the voltage e and the self-inductance 
and resistance of the circuit of coil 1 , if the coil carries 
no flux common to other closed circuits. This condi¬ 
tion would exist if brush B does not short-circuit any 
other armature coil and if the field winding F is open- 
circuited, and under the further assumption that 
there are no secondary damping currents in the stator 
structure. Under these conditions the entire main 
flux F and the leakage fluxes L a cause a rather high 
self-inductance in the armature coil 1 , and conse¬ 
quently a slow building up of the circulating current. 
Fig. 2 represents a circuit equivalent to the armature 
coil 1 with the assumptions made so far. 

The conditions change materially if the shunt 
winding F is connected across the armature circuit as 
shown in Fig. 1 , as well as across certain load circuits 
L and various circuits of the generator G. We now 
have within the armature coil a leakage reactance 
flux L s and a mutual inductance M between the 
armature coil and the field circuit. The latter in 
turn has a leakage flux I* and is closed partly 
through the armature circuit having resistance and 
inductance, and partly through several other circuits 
also having a resistance or inductance, or both; in 
Other words, we have equivalent circuits somewhat 
as illustrated in Fig. 3. The rate of change in the 
circulating current now will depend upon all these 
factors, and therefore any change of constants in the 
field circuit or any of the other circuits may have a 
certain influence upon the commutating conditions. 
Similarly, any damping currents which can be in¬ 
duced in the solid portion of the stator yoke, or in coil 
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Fi<f. 2. (Left) Equivalent circuit of 
armature coil 1 shown in Fig. 1 

Fig. 3. (Below) Equivalent circuit of 
armature and field plus external load 
and generator circuits 



shield or damper windings surrounding the poles, 
may have an influence upon commutation. The 
various resistances and reactances shown in the 
secondary circuit of Fig. 3 are replaced by a single 
inductance and a single resistance R 2 in Fig. 4, 
which, while not fully equivalent to Fig. 1, somewhat 
simplifies the problem. 

Opening the Circuit 

All the various constants previously mentioned will 
have an influence also when the circuit of the coil 1 is 
opened wljile a circulating current is still flowing irrit. 
There will be one difference, however, in that the high 
leakage and self-inductances helpful in the case of 
closing the circuit will be harmful in the opening be¬ 
cause they considerably increase the energy to be dis¬ 
sipated in the spark which forms at the trailing edge 
of the brush. Mutual inductance, which aids in 
opening the circuit, as will be explained, is disad¬ 
vantageous when the circuit is closed, since it allows 
a rapid building up of current.. The effect of induc¬ 
tance on the opening operation may be made clear 
by following the switching operation in detail first for 
a machine with open stator circuits wound with one 
coil per slot, and a brush spanning one commutator 
bar, so that no account need be taken of mutual in¬ 
ductance between a commutating coil and any other 
closed winding. A circulating current is assumed to 
be flowing when coil 1 passes from under the brush. 

When a circuit containing resistance and self- 
inductance such as shown in Fig. 2 is opened by the 
separation of contacts, in this case the brush and the 
bar, an arc or spark will be formed between the elec¬ 
trodes because at the last point of contact the tem¬ 
perature may become very high and “explosions” 
take place at this point, giving rise to sufficient energy 
density to establish the cathode spot of an arc on the 
negative electrode. As the contacts separate further 
the arc becomes longer and finally becomes unstable 
and -vanishes. Any calculation of the decrease to 
zero of the circulating current due to commutator 
t ars passing from under the brush must consider this 
short arc or spark formed. The arc characteristic, 
\ e '> ^e arc voltage as a function of the current 
through it, depends on the arc length. The latter 
m turn is varying and depends upon the way in which 
ttie arc is lengthened as a function of time; in other 
words, upon the speed of the commutator. 


If the transient arc characteristic for a particular 
condition is known accurately, the energy dissipated 
in the arc can be calculated. This energy may be 
divided into two parts; the energy stored electro- 
magnetically in the circuit, and the energy supplied 
to the circuit for the duration of the arc. In the case " 
of the commutating coil, the latter energy may be 
supplied by the voltage induced in the coil by its 
rotation in the commutating field, or in an a-c. ma¬ 
chine it can be induced also by transformer action 
between the stator field and the coil. Usually the 
total arc energy will lie between the values of once 
and twice the energy stored in the magnetic circuit. 
This stored energy varies directly with the self¬ 
inductance coefficient L and the square of the current 
to be broken; hence the arc energy also depends upon 
these factors. The length of time dining which the 
arc or spark is present also increases with an increased 
coefficient of self-inductance. Since a trailing edge 
spark is harmful in so far as it bums the commutator 
and brushes, it is desirable to keep the energy to be 
dissipated in the spark as low as possible. This can 
be done by lowering the self-inductance or reducing 
the current to be interrupted; also by the proper 
utilization of mutual inductance. 

Effect of Mutual Inductance 

As previously indicated, circuits having mutual 
inductance with a commutating coil are established 
by the field or stator circuit being closed through the 
armature and other circuits, or by damping currents 
in the stator structure. Other circuits having mut ual 
inductance with the commutating coils usually exist 
if the winding is chorded, if there is more than one coil 
per slot, or if a wide brush is used; in fact, whenever 
the sides of at least two coils which are being com¬ 
mutated during a common time interval lie in the • 
same slot. In this case the mutual inductance be¬ 
tween coils must be considered. For example, if the 
brushes wide as shown in Fig. 5 and short-circuits the 
two armature coils 1 and 2, coil 1, which is about to 
be open-circuited, still has leakage fluxes L h but it 
also has mutual fluxes M with the field winding as 
previously described, and mutual fluxes M a with the 
armature coil 2, the latter in turn having leakage 
fluxes Lz of its own. 

This may better be shown by the simplified al- 

—■—1- J. F. .11 • < • « - » -• i. • ■ 

m Fig. 6. 
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** “f* 1 * containing mutual .inducta!nce in 

addition to self-inductance and resistance is opened 
with a switch, the decrease of the current in the pri¬ 
mary circuit again may be calculated if the transient 
arc characteristic curve is known. It is found that in 
this case all of the stored energy need not be dissi¬ 
pated in the switch. The decrease of current in the 
primary circuit will induce voltages in the secondary 
circuits such as to cause their currents to change. 
This means that part of the energy stored in the pri¬ 
mary circuit may be transferred to the secondary 
circuits and dissipated as PR loss in them or held in 
storage in the secondary circuits. Consequently, the 
energy dissipated in the spark may be, and usually is, 
reduced by introducing mutual inductions. The 
magnitude of the reduction depends upon the degree 
of mutual coupling between the circuits and upon the 
circuit constants, such as resistance and self-induc- 
tance of all the circuits having mutual inductance 
with the commutating coil. It follows therefore that 
, as conditions in the stator circuits change, the com¬ 
mutating condition may change also, although such 
tactors as load current, speed, and commutating 
xieids, which are usually considered as the only ones 
determining the commutating conditions, remain 
unchanged. „ 

For similar reasons, different conditions of mutual 
inductance between the various armature coils will 
have an appreciable influence. The conditions of the 
mutual flux M a and leakage fluxes L x and U in Fig. 5 
will of course be appreciably different when the coils 
are located in separate slots than when the coils are 
located in the same slot. This difference leads to the 
frequently observed condition that certain commu¬ 
tator segments show more burning than others. 
These considerations also explain why frequently a 
split-throw of the armature coils improves commuta¬ 
tion as a result of its effect upon the relation between 
leakage and mutual inductances of the coils. With¬ 
out the split-throw a good transfer of energy from 
coil to coil in the same slot may take place, but the 
last coil in the slot is not well coupled to the first coil 
m the next slot; hence considerable energy must be 
dissipated when the circuit of the last coil in a slot is 
broken. The split-throw reduces this maximum dis¬ 
sipation of energy in the spark because at least one 
coil side of the coil under commutation is always 
closely coupled with another coil side; and assuming 
that the brush is wide enough to short-circuit the 



Fig* 4. (Above) Simplified 
diagram of the equivalent circuit 
shown in Fig. 3 

Fig. 5. (Right) Armature con¬ 
nections with two coils short- 
circuited by one brush 
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adjacent coil, better transfer of energy can take place. 
1 he beneficial effect thus produced consists not only 
m decreasing the maximum sparking but also in 
bringing about more uniform sparking on the differ¬ 
ent commutator bars, which in turn reduces irregular 
wear and deferences in the heating* of the bans; *ir- 
regular heatmg of the bars if occurring to any marked 
extent is likely to cau§e differences in expansion of the 
bars and therefore mechanical irregularities in the 
commutator surface, with consequent further accu¬ 
mulative harmful effects upon commutation. 

In all of the previous discussions upon the con¬ 
stants of the circuits which may influence commuta¬ 
tion, only resistance and reactance have been men¬ 
tioned. However, with the high frequencies of com¬ 
mutating currents, it is quite possible that at times 
certain capacity effects in the various circuits may 
exm an influence upon commutation conditions. 

Havmg established the new concept of switching 
and the fact that the various machine and external 
circuits may have an influence upon commutation a 
means has been found for explaining many other 
practical experiences which cannot be explained by 
the conventional commutation theories. It may be 
seen readily, for instance, that there may be a differ¬ 
ence in commutation between shunt, series, or sepa¬ 
rately excited machines, between laminated or solid 
field structures, etc., although the speed, current, and 
commutating field are the same. It follows that in • 
the case of a-c. commutator machines the commuta¬ 
tion may be affected by the size and type of trans¬ 
former to which the machine is connected and bv 
various other factors. y 

Interesting results may be obtained with two 
series-connected motors on a motor car, especially in 
a-c. motors haying no damping effects in their field 
structure. If in such a case the commutating im¬ 
pulses transformed into the fields of the two motors 
are exactly in opposition, no damping current pan 
flow in the fields. Such opposition of voltages will 
occur if the relative position of the two commutators 
is such that the brush edge in one motor lines up with 
the mica insulation while in the other motor it hap¬ 
pens to be in the center of the bar. If the relative 
commutator position changes so that the brushes in 
both motors will have the same position with regard 
to the mica insulation, the commutating impulses 
reflected in the fields will be in phase and damping 
flow, thus causing conditions entirely 
different from those previously mentioned. With 
two such motors on a motor car having slightly 
different speeds caused by a difference in the wheel 
diameters, periodic variations of commutation will 
take place. With the two motors connected in 
parallel across the same transformer, similar varia¬ 
tions may take place. Fven a change in design from 
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series to parallel connected fields in the motor may 
influence commutation. With such machines as 
phase-advancers or regulating machines connected to 
the secondary of induction motors, the switching 
theory readily explains differences in commutation 
which have been observed by the authors for different 
connections of such machines^ to various external 
circuits. 

The introduction of the switching concept'into the 
commutating problem is of course not necessary when 
ideal commutating conditions exist. There also are 
cases which approach the ideal sufficiently to make 
the consideration of the switching concept unneces¬ 
sary in practise. Again, where the commutating 
conditions are not ideal but where the brush short c 
circuits seyeral armature coils, their mutual effect 
may be «so predominating that the characteristics of 
the field and external circuits may have little influ¬ 
ence. In general, however, the commutating phe¬ 
nomenon cannot be considered as completely ana¬ 
lyzed unless ‘'the possibility of the switching phe¬ 
nomenon as influenced by the various circuits has 
been given due consideration. 


Cathode Drop 
in Arc Discharges 

There is no general agreement among 
physicists concerning the mechanism which 
produces a low cathode drop with the 
correspondingly high current density which 
is characteristic of an electric arc. Here¬ 
with is presented a review of prevalent 
theories regarding this phenomenon, and 
results of some experiments on arc and glow 
discharges. 


order for an arc to exist it is necessary that there be 
some mechanism for producing electrons at or near 
the cathode. As to the way in which these elec¬ 
trons are liberated there are three theories as out¬ 
lined briefly in the foliowring paragraphs. 

1. Thermionic emission.. This, the oldest theory, assumes that by 
the bombardment of positive ions the cathode spot is m ain tai n ed 
at such a temperature that it is capable of emitting sufficient elec¬ 
trons to maintain the arc. For this to take place temperatures 
greater than 3,000 deg. cent, would have to exist at the cathode spot. 
These teinperattpres actually do exist in the case of the carbon and 
tungsten arc; but in arcs between less refractory metals such as 
copper or brass as well as in the mercury arc, no such temperatures 
are present at the cathode spot. In such cases thermionic emission 
cannot account for the liberation of sufficient electrons to maintain 
the arc. 

2. A more recent theory is that positive ions are present dose to 
the cathode in such large numbers that they produce an electric field 
sufficiently large to free dectrons from the cathode by the attraction 
of the field alone. Calculations show that electric fields of the order 
of 10 8 volts per cm. exist at the cathode in the case of both copper 
and mercury arcs; these fields are large enough to supply the elec¬ 
trons necessary for maintaining the arc. 

3. A third theory proposes that the production of dectrons is due 
to thermal ionization of the gas near the cathode. In order that 
there should be any appredable thermal ionization in the gas, the 
temperature of the gas must exceed 4,000 deg. cent.; it is doubtful 
if such a high temperature obtains. 

It seems probable therefore in the case of arcs be¬ 
tween highly refracting electrodes, such as carbon 
and tungsten, that electrons are emitted from the 
cathode by thermionic action. In the case of arcs 
between less refractory electrodes such as copper or 
brass, electrons probably are emitted from the cath- 



Fis- *1 ■ Current and voltage relations in the abnormal 
cathode drop; at point A the current wa$ increased 
suddenly from 52 to 320 milliamperes 


ode by the action of the intense electric field existing 
at the cathode surface. 

Normal Cathode Drop in the Glow Discharge 
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.. , . - AN ARC is defined as an electrical 

discharge m a gas or vapor in which the cathode drop 
is of the order of 10 or 20 volts and the current den- 
sity to the cathode spot is of the order of hundreds 
or thousands of amperes per square centimeter. In 

Based upon "Cathode Drop in Arcs and Glovv Discharge*” ,<»(< 
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In the glow discharge a much higher cathode drop 
exists than in the arc. If the current density to th e 
cathode is below a certain definite value, the cathode 
drop is constant and is spoken of as the normal 
cathode drop . As the current density to the cathode 
is increased, further the magnitude of the cathode 
drop increases, and the region over which it extends 
decreases. When the cathode drop increases with 
increasing current density it is spoken of as the ab¬ 
normal cathode drop. r 
In the glow discharge as in the arc there must be 
some mechanism present to produce electrons at or 
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near the cathode; the following theories have been 
proposed: 

1. Positive ion bombardment of the cathode. It is known that 
electrons may be liberated by positive ion bombardment of a metal 
surface; however, when Ahe normal cathode drop obtains it is doubt- 
ful if the positive ions hit the cathode with sufficient energy to pro¬ 
duce any appreciable ionization; but when the cathode drop is ab- 
fiormal, the positive ions possess much more energy, and under these 
conditions this mechanism may be the most important one. ’ 

2. Production of electrons by collision of positive ions with neutral 
gas molecules in the region of the cathode drop. In general this 

process occurs only when the positive ions possess energy greater 
than in the normal cathode drop. sy greater 

3. Production of electrons from the cathode by photoelectric effect. 
It is believed generally that this process is inadequate to account for 
the required number of electrons necessary to maintain the discharge. 

4- Production of electrons by metastable atoms arriving at the 
cathode. Because one of the electrons is in a high-energy level 
these metastable atoms have enough potential energy to free elec¬ 
trons from the cathode. It is probable that in the case of the 
normal cathode drop this mechanism is important, especially when 
the rare gases such as helium, neon, or others are used. 

Unfortunately, so far none of these theories has 
been developed so as to obtain quantitative agree¬ 
ment with experimental results. It is possible that 
two or more of these processes may take place simul¬ 
taneously; also in some cases one of thpm may be 
most important, whereas in other cases another may 
be more prominent. * 

Abnormal Cathode Drop 

As the current to the cathode of a discharge tube 
is increased in the region of the abnormal cathode 
drop, the magnitude of the cathode drop increases 
and the distance from the cathode in which the cath¬ 
ode drop exists decreases. Both of these effects 
cause an increase in the electric field existing in the 
cathode drop. It is quite certain that as the current 
is increased, a greater portion of the current to the 
cathode is due to electrons leaving the cathode. 

For the past several years considerable experi¬ 
mental work has been done on the abnormal cathode 


made with direct current, but soon it was found 
better to use alternating current and measure the 
cathode drop with an oscillograph. 

In Fig. 1 is an oscillogram which shows the Vela-, 
tion between current and voltage,in the abnormal 
cathode dfop. Curve I represents the current 
through" the tube, V the voltage Across the tube, and 
curve c a calibration curve which in this discussion 
W be disregarded. At point A a resistance in 
series with the tube was short-circuited so that the 
current was increased from 52 to 320 milliamperes 
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Fig. 2. Voltage of Fig 1 plotted against current 

drop; the results of a few of the experiments are 
presented here. Preliminary measurements of the 
cathode drop, especially when the current to the 
cathode was large compared to that required to just 
cover the cathode with the cathode glow, gave quite 
inconsistent results. The "first measurements were 
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Fig. 3. Voltage of Fig. 1 plotted against time 


0.005 


(r.m.s.). It is apparent at once that this change in 
current has only a small effect upon the voltage 
curve. 

In Fig. 2 the data from Fig. 1 are plotted with volt¬ 
age and current as ordinates. This curve shows that 
the cathode drop is less for increasing values of cur¬ 
rent than it is for decreasing values. In Fig. 3 the 
data from Fig. 1 are plotted with cathode drop and 
time as ordinates. Curve 1 represents the data for 
increasing current when the effective value of the 
current is 52 milliamperes; curve 2 for a current of 
320 milliamperes, and curve 8 for a current of 4 am¬ 
peres. The difference between curves 1 and 2 for 
low values of time can be explained by the fact that 
the abnormal cathode drop occurs at an earlier time 
when the current is high than when it is low. If al¬ 
lowance for this is made it is apparent that the cath¬ 
ode drop requires approximately the same time to 
build up in the two cases where the current is 52 and 
320 milliamperes, respectively. Curve 8 , however, 
shows that the cathode drop builds up much more 
rapidly when the current is high; this difference is 
explained as follows: In the case where the current 
is low, the cathode drop is formed by the positive ions 
from the main body of the gas congregating near the 
cathode, a relatively slow process. When the cur¬ 
rent density to the cathode is high, the cathode drop 
is due to the ionization of gas molecules near the 
cathode caused by electrons leaving the cathode and 
by the rapid dispersion of electrons away from the 
neighborhood of the cathode. Since electrons move 
hundreds of times more rapidly than positive ions, 
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this latter process takes place much more rapidly. 
This leads to the conclusion that when the current 
density is high, a large part of the current to the 
•cathode is carried by electrons leaving the cathode. 

Transition From Grow to Arc 

The transition from a glow discharge to an arc is 
illustrated by Fig. 4. When this transition ^-occurs, f 
the voltage (curve V ) shows a sudden decrease 
which correspofids to die decrease in cathode drop. 
Current through the tube is represented by curve I; 
its effective value was 4 amperes. The fact that 
sometimes an eCrc is formed and sometimesmot, prob¬ 
ably is due to the fact that the surface of the cathode r 
is constantly changing because of the rapid sputter¬ 
ing or disintegration that occurs in the glow dis¬ 
charge with such high current densities. 

A consideration of results from several oscillo¬ 
grams similar to Fig. 4 leads to the following expla¬ 
nation of the r process by which a glow discharge 
changes to an arc: As the current to the cathode is 
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A mathematical study of the oscillations 
occurring in a pair of mutually coupled 
windings, the primary and secondary of a 
transformer, when one of the terminals is 
subjected to the impact of a traveling wave, 
has been completed. The general conclu¬ 
sions reached in this study are summarized 
in the following article. 


By 

L. V. BEWLEy 

ASSOCIATE A.I.E.E. 


General Elec. Co., 
Pittsfield, Mass. 



I 


Fig. 4. Current and voltage relations during transi¬ 
tion from glow to arc 

increased in the glow discharge, a larger portion of 
current is due to electrons leaving the cathode; these 
dectrons are not emitted uniformly from the cathode 
surface, but come primarily from small portions of 
the cathode, which because of some impurity are 
especially active. These dectrons produce ioniza¬ 
tion in the region of the cathode drop, this ionization 
bemg greatest in the vicinity of the active spots. 
Due to their high mobility, the dectrons leave this 
region much more rapidly than do the positive ions 
A fcgh space charge results, increasing the electric 
field m the vicinity of these active spots as well as 
the number of electrons emitted therefrom. This 
process is cumulative and proceeds rapidly until the 
electric field near one of the spots increases to an 
a " sufficient to produce dectrons from the 
cathode by the attractive force of the fidd alone. 
When this occurs, an arc is formed with its low cath- 

catiicdefspot Mgh current density to the 

based u P° n at low pres- 
sure, it is probable, however, that the same process 

timf at f 1 . 0S P lieric Pressure, and occurs every 

time the current in an a-c. arc passes through zero 

except when the dectrodes are so refractory that 
tiiey can support a high enough temperature^) pro¬ 
duce a large electron current by thermionic emission. 

388 ' 


-1N THE PAST, the mathematical 
analysis of transient oscillations in transformer 
windings has been based upon a single winding 
having self-inductance and mutual inductance be¬ 
tween its turns, capacitances along the stack and to 
ground, and in one instance, resistances to represent 
the losses. Such a circuit ignores the presence of 
secondary circuits, but, strangdy enough, proves 
quite adequate to describe the internal high-fre¬ 
quency transients of the winding under considera¬ 
tion, not only qualitatively, but quantitatively as 

Cathode ray oscillograms, however, do show some 
difference in the characteristics of the oscillations, 
depending upon the terminal connection^ of the 
secondary circuits. This is particularly true in the 
case of an isolated neutral primary winding, where a 
change from an open-circuited to a short-circuited 
secondary may bring about considerable changes in 
the frequencies of oscillations. This shift of frequen- 
cies has been attributed loosely to a change in the 
effectivemduetance of the circuit, brought about by 
closing the secondary circuit; just as the natural 
frequency of a simple lumped inductance-capacitance 
series circuit is changed if the' inductance is reduced 
by short-circuiting a coupled winding. In addition 
to the above limitation of the single winding theory of 
transformer oscillations, there was nothing in the 
equations relative to the internal oscillations of the 
secondary circuit. 

The complete idealized circuit of a two-winding 
transformer is shown in Fig. 1 . The primary wind- 
mg, on winch the traveling wave is assumed to 
impinge, is designated as winding 1 , and all associated 

an ^ v irren ! :s . bave tbe corresponding sub- 
pt as £i, i„i, %, and The secondary winding is 

prwented°at th^AI E ° f Af Utually Cou P led Windings” (No. 32-4) 
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designated as ’winding 2. the terminals are' shown 
connected to impedances Z h Z 2 , Z 8 , and the incoming 
surge impedance Z. Each winding has capacitance 
C and K to ground and along the stack, respectively, 
and an effective self-inductance L. The two windings 
are coupled magnetically by an effective mutual 
inductance M, and electrostatically by capacitance 
C i* “ » pertment to remark at this point that the 
effective inductances of the circuit include the partial 
mterlmkages, on certain assumptions, and are not 
simple, uniformly distributed constants. The neces¬ 
sity for these more complicated assumptions is 
responsible for greatly increasing the complexity of 
the problem. J 

The application of Kirchhoff’s laws to the elements 
of the circuit shown in Fig. 1, permits the partial 
differential equations of the circuit to be written. A 
solution then is found such that the terminal and 
boundary conditions are sa tisfi ed. 

The initial distribution caused by the impact of an 
abrupt wave front depends only upon the capacitance 
elements of the circuit, because the currents 
through the capacitive paths are infinite for an 
infinite rate of change of voltage, whereas the cur¬ 
rents in the inductive paths are all zero at that first 
instant. Thus the circuit which is effective for calcu¬ 
lating the initial distribution may be simplified by ' 
eliminating the inductances shown on Fig. 1. 

The idealized circuit of Fig. 1 is free of losses, and 
therefore stabilization does not occur (theoretically) 
unless the terminal impedances have losses. For 
zero or infinite values of the terminal impedances the 
oscillations never do subside, but persist forever. 
However, any actual circuit possesses some losses, 
and consequently the oscillations eventually die out 
and the currents reach permanent values, so that 
there is no change of flux and there are no induced 
voltages.. The distribution of voltage in the primary 
winding is then uniform, ignoring the conductance 
from the winding to ground, and the potential of the 
secondary is constant throughout the winding. 
Thus while the realization of these final distributions 
is contingent upon the presence of losses, ei th er in 
the circuit itself or in the terminal impedances, 
nevertheless there are fixed axes of oscillation about 
which the transient oscillation of the no-loss circuit 
take place. 

The complete solutions have not been attempted, 
except for zero and infinite values of the '’terminal 
impedance; that is, for grounded and isolated 
terminals. The solutions which have been worked 
out are also restricted to rectangular, applied waves. 
The response to waves of arbitrary shape can always 
be found in the usual way by an application of 
Duhamel’s theorem, as described in a previous paper, 
Transient Oscillations in Distributed Circuits,” by 

oo V *it ewley ’ AJ -3'3- 'Trans., v. 50, 1931, p." 1215- 
33. The solutions are in the form 
e — (final distribution) -j- 2 (harmonic space and time 

.. , . * ■ oscillations), 

ine time harmonics are always cosine functions, and 
since Duhamel’s theorem is operative only on the 
Ume functions of the solution, the response to 
different arbitrary wave shapes may be written down 
by inspection from the corresponding solutions given 
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in the previous paper, where the time functions were 
also harmonic cosine oscillations. 

Conclusions and Findings * . 

As far ate a description of the* transient fh-the 
primary winding is concerned, both qualitatively and 
quantitatively, it is not necessary to consider the 
,innuenee of the secondary winding beyond keeping- in 
mind that its terminal conditions will change the 
relative-importance of the natural'frequencies of 
oscillation. But these changes in frequency can be 
accounted for quite adequately by changing the 
effective inductance in the equations? 

. ® transient in the two-winding circuit consists of 
an infinite senes of space and time harmonics, oscillat¬ 
ing about the final distribution as an axis of oscillation. 
The amplitudes of these harmonic oscillations depend 
upon tiie initial and final distributions, and are in 

fact given by the Fourier analysis of the difference 
between them. 

The space harmonics which appear in the solution 
are decided by the Fourier series chosen to represent 
the initial distribution throughout the length of the 
winding. The fundamental wavelength upon which 
. Fourier analysis is made is dictated by convenience 
m any specific case, and is therefore more or less 
arbitrary. Thus for certain terminal conditions, a 
lull range cosine series may prove* the most* 
appropriate, while in another case a half range sine 
senes may lead to the greatest simplification. 

To each space harmonic there correspond two 
distinct time harmonics; that is, each space harmonic 
consists of two components vibrating at widely 
different rates. The amplitudes of .these two time 
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Fig. 1. Complete idealized circuit of a two-winding 
transformer subjected to high frequency transients 
caused by an incoming wave 

Ci == capacitance of primary winding to ground 

C 2 — capacitance of secondary winding to ground 

Ca capacitance between primary ahd secondary wind- 
ings 

Ki ~ capacitance between ends of primary 

Ki = capacitance between ends of secondary 

Li — effective self-inductance of primary 

Li = effective self-inductance of secondary 

M « effective mutual inductance between windings 

Z = surge impedance of line at primary 

Z\ (p) — grounding impedance of primary neutral. 

ZiQ>) — terminal impedance of secondary, neutral end 
ZtW) - terminal impedance of secondary, line end 

= ^ vo ^S. e Primary due to traveling wave 
p — 0/0/ <= partial time derivative 

t = time 

*«* *« *’li iu ia — currents through Cj Ki etc. 
ei, e t — instantaneous voltages at any point * of primary and 
secondary, respectively 

x — fraction of total winding from neutral end 
* = 1 = total length of winding. 
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harmonics are usually quite different, but by a change 
of terminal conditions, it is possible to change their 
relative importance. 

• The harmonic frequencies of the secondary circuit 
are the same as those of the primary winding, but the 
amplitudes bear a ratio to the corresponding ampli¬ 
tudes in the primary which depends upon the order 
of the space harmonic. In othlr words, there is no 
fixed proportionality between the oscillations in the # 
two circuits. 

The oscillations corresponding to an infinite 
rectangular applied waves start simultaneously 
throughout the windings, and the time harmonics are 
all cosine functions. The response to applied waves 
of arbitrary shape can be obtained by an application* 
of Duhamel’s theorem. 


Coordination of Line 

and Transformer Insulation - 


The coordination of transformer insulation 
with line insulation recently has been dis¬ 
cussed widely, and sentiment has changed 
gradually in favor of the use of an air-gap 
for purposes of coordination as against the 
practise of reducing the line insulation near 
the substation. Standards of dielectric 
strength and air-gap spacing in accordance 
with this trend are presented herewith. 


By 

V. M. MONTSINGER <3^1 ei«, g,., 

FELLOW AXEL Pittsfield, Mass. 


W. M. DANN 

FELLOW A.I.E.E. 


Westinshouse Elec. & 
Mfg. Co., Sharon, Pa. 


committee in connection with the coordination of 
transformer and line insulation. 

Two things of interest and importance were in¬ 
cluded in this paper: first, a recommended practise 
of expressing the impulse strength of a transformer in 
terms of the 60-cycle dry flashover of suspension in¬ 
sulators; and second, recommendations for coordi¬ 
nating me impulse strengths of the transformer and 
the fine insulation. These recommendations in¬ 
cluded either the use of a safety gap of known flash- 
over characteristics connected in parallel with the 
transformer, or the reduction of the line insulation 
to a coordinating value for a distance of half a mile 
from the transformer, or a combination of either 
with a statable lightning arrester. 

Since the publication of this paper the principle of 
coordination has been discussed widely and it appears 
to have become accepted in a general way throughout 
the industry. It seems, however, that there has 
been a gradual change in sentiment in favor of the 
use of an air-gap for purposes of coordination, as „ 
against the practise of reducing the line insulation. 
Several reasons have contributed to this shift of 
sentiment. For example, the idea of having a flash- 
over occur out on the line, even though restricted to 
a distance of half a mile, seems to be unacceptable to 
operating engineers, and opinion seems to favor hav¬ 
ing the flashover occur at an accessible point near the 
transformer. Any degree of line over-insulation 
made desirable by local conditions in the vicinity of 
the station becomes feasible if the coordinating gap is 
used. Furthennore, a string of insulator disks if 
used for coordinating purposes affords less chance for 
a reasonable adjustment of coordinating values. 

The removal of one disk, for example, from a string 
of eight, causes a change of approximately 12 1 / 2 per 
cent in the impulse flashover value. The difficulties 
of adjustment naturally are even more pronounced 
with shorter strings. In contrast with these diffi¬ 
culties, air-gaps may easily be set for any desired 
degree of adjustment. 

The transformer subcommittee has recognized the 
growing sentiment in favor of a gap for coordinating 
purposes, and it is the purpose of this brief progress 
report to bring to the attention of the Institute 
membership the following revisions Which have been 
made in the previous recommendations. 

Impulse Strength op Transformers 


. At THE Toronto convention of the 
Institute in June 1930, a paper "Recommendations 
on Balancing Transformer and Line Insulations on 
Basis of Impulse Voltage Strength,” by V. M 
Montsinger and W. M. Dann, A.I.E.E. Trans. 
v. 49, 1930, p. 1478-81, sponsored by the trans¬ 
former subcommittee of the electrical machinery 
committee, was presented to bring before the mem¬ 
bership the status of certain work done by the sub- 

So S 4 V wWch Tf n ^ i ° a of Transformer Insulation With Line Insulation” 
u-so. 32-64) which is to be presented at the A T tt v 


The yard stick used to express the impulse strength 
of a transformer has been changed from the 60-cycle 
flashover value of a given line insulator to a co¬ 
ordinating gap with a given length in inches, as 
outlined in the following paragraphs: 

{fO Receiving Standard Tests as Specified in Par. 

13-400, A.I.E.E. Standards No. 13; Apparatus conforming with 
uie standards of dielectric strength should be so designed that its 
impulse strength against lightning is greater than the impulse flash- 
wu of au air-gap whose spacing is in accordance 

witn Table I. This spacing is between the ends of two square-' 
cornered, square-cut, co-axial rods not more than >/ 2 in. thick and 
sa mounted that the-rod overhangs its support at least one-half the 
“^ ators used as supports should meet the 
voltage'^N.E.L.A. 60-cycle flashover requirements for the line 

(5) Transformers Receiving Oth& Than Standard Test. For trams- 

; ' Electrical Engineering 
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Recommendations Eliminated 

, The ‘‘Recommendations for Coordinating Jrans- 
toimer Insulation with Line Insulation in the Field ” 
mciuded in Part II of the Montsinger-Dann paper of 
June 1930, will be eliminated frbm the recortimenda- 
tions of the subcommittee. These recommendations 
involve the three methods of coordinating trans¬ 
formers with line insulation referred to in the opening 
paragraphs of this report. The coordinating gap 
replaces the eliminated recommendations and serves 
the following purposes: 

i* , J* e ftablishes the standard of impulse strength required in the 
design of a transformer. 

2 - Tn Practise, it limits the magnitude of incoming surge voltages 


3. A lightning arrester may be used in conjunction with the co¬ 
ordinating gap to prevent system outages. . 

Table I—Air-Gap Spatings 


Rated Circuit 
^Voltage 


Transformer 
60-Cycle Test Voltage 


Spacing of 
Air-gap 


Kt. 

Kv., r.m.s. 

• 

Inches 

13.8. 

.28.6. 


. 4.26 

23 . 

... 47 .... 


A 9K* 

34».6. 

. 69 . 
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O OK 

46 . 

. 93 . 


1 9. OK 

69 . 

.139 _ 


1ft *TK 

92 . 

.186 . 
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116 . 

.231 . 


511 K 

138 . 

.277 ... 
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161 . 

.323 . 



196 . 
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Development of the 
\(^aul<egaii Station 


The reasons for the development, choice of 
site, and general plan of the Waukegan 
station are outlined briefly in this article. 
The three major periods of development 
are covered, the article serving as an intro¬ 
duction to the two companion articles 
“Waukegan Features New Electrical De¬ 
sign’* and "A 1 1 5,000-Kw. Turbo-Alter¬ 
nator/* which follow. 


By 

J. L. HECHT 

MEMBER /*U.E.E. 


Public Service Co. of 
Northern III., Chicago 
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— HE WAUKEGAN station of the 
Public Service Company of Northern Illinois is located 
ipp roximately 40 miles north of Chicago* at the 
jxtreme northeast limits of the city of Waukegan 
>n the west shore of Eake Michigan. This station, 
vith an installed capacity of 290,000 kw., performs 
he dual function of supplying energy to a metropoli¬ 
an system and to a surrounding transmission 
ystem. 


Based upon “Development of the Waukegan Station of the Public Service 
Company of Northern Itunola* 1 (No. 42X9) presented at the A.LE.E. Great 
Lakes District meetmgr. Milwa.ukee, Wis., March 14-16, 1932. 

■/ . . ” • . ■ . • 

June 1932 


During the year 1916, in giving consideration 
to load development and corresponding facilities 
for generating capacity to take care of this load, 
it became increasingly evident that the future de¬ 
mands for electricity in the Chicago metropolitan 
district would require substantially larger power 
station developments than had been considered here¬ 
tofore. It was evident also that it would be neces¬ 
sary to locate such developments on Lake Michigan 
where an unlimited supply of condensing water was 
available. 

As a result of these conclusions, a careful survey 
was made of all suitable power station sites, bear¬ 
ing in mind those fundamental requirements of ade¬ 
quate water supply, transportation facilities, ex¬ 
pansion space, rights-of-way for disposing of energy 
generated, and proper correlation with respect to 
the load area to be served. This survey revealed 
that the power station sites most suitable for de¬ 
velopment to supply the Chicago metropolitan dis¬ 
trict were at Waukegan on the north, and at the 
Illinois-Indiana state line on the south. In the 
intervening distance of 50 miles along Lake Michi¬ 
gan no other suitable sites were adequate or available. 

On the southern site the initial development of 
the commonly known State Line station of the 
Chicago District Electric Generating Corporation 
has taken place. The northern, Waukegan, site 
was acquired in 1917. The original site comprised 
87.6 acres with 1,223 ft. of shore line on Lake Michi¬ 
gan. This has been increased since to a total- of 
198 acres and 3,249 ft. of shore line The site could 
be served from two good coal-bearing railroads with 
a possibility of harbor development, and was suita¬ 
bly located for the acquisition of private rights-of- 
way to dispose of the large volume of energy it was 
proposed to produce. A private right-of-way 250 
ft. wide was acquired. This connects with its three 
branches consisting of a 135 ft. southerly right-of- 
way to Chicago, a 150 ft. northerly right-of-way 
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to Milwaukee, and a 150 ft. westerly and southerly 
right-of-way which surrounds the Chicago metropoli- 
- tan area. 

• At the time the site was acquired, it was thought 
that the first transmission lines for carrying bulk 
energy*would be at 66 kv. and possibly *a 132-kv. 
development could be expected later. It wag fortu¬ 
nate that by the time the initial station develop¬ 
ment took place it was practical to proceed with 
132-kv. transmission with its corresponding increase 
in capacity. e 

Initial Development Period 
* 

Ground was broken for the initial development 
of the station on August 23, 1922, and the first unit 
of 25,000 jjfw.' capacity was placed in service October 
11, 1923. Unit 2, for 35,000 kw., was placed in 
service April 6, 1925. Both units 1 and 2 operate 
at 350-lb. pressure with a total temperature of 675 
deg. fahr. with mo reheat. Three boilers serve each 
unit. These boilers are equipped with chain grate 
stokers, and it is of interest to note that this was 
the first successful application of alternating current 
to variable speed individual stoker drive, the speed 
variation being approximately 40 per cent with a 
flexibility about equal to that obtainable with d-c. 
motors. Generation is at 12 volts, kv., the switch¬ 
ing equipment consisting of the conventional celf 
type construction with a Cory system of interlocks. 

At this period of the development it was thought 
that the ultimate capacity of the station would be 
of the order of 200,000 or 300,000 kw. 

Second Development Period 

Unit 3, of 50,000-kw. capacity, went into service 
June 22, 1927. The operating steam pressure was 
raised to 600 lb. with a total temperature of 725 
deg. fahr. A radical change in the type of electri¬ 
cal equipment was made with the installation of 
this unit, this change being the first complete in¬ 
stallation in this country of metal-clad switching 
equipment for power station service. 

Por years electrical engineers of this country had 
considered metal-dad equipment but believed its 
development unsuited to American capadties and 
conditions despite the fact that it had been used 
extensively and successfully in England for many 
years. Naturally enough, the first installation car¬ 
ried with it some grief. However, the experience 
gained suggested future improvements and demon¬ 
strated the practicability of this type of switching 
equipment with its many inherent advantages over 
the conventional open type installation. 

The continued results obtained with the metal- 
clad switchgear on unit 3 were so universally satis¬ 
factory from engineering construction and operating 
considerations that the exdusive use of this type of 
gear was adopted as a policy for all future power 
station and substation installations or additions. 

A few of the outstanding advantages of metal- 
clad switchgear are: 

b Hazards to personnel axe eliminated almost completely. 

2 * The carrying on of construction work is simplified and expedited. 

. T. ; .... . > . 


3. Almost complete salvage value is obtained when the growth of 
the system compels replacement. 

4. Costs are no more when all factors, including building structures 
switch cells, and bus compartments, are taken into consideration. 

Unit 4, of 65,000-kw. capadty, was placed in 
service May 10, 1930. The use of pulverized fuel 
was decided upon prior to the installation of this 
unit. A thorough investigation was made of exist- 
« ing installations and a decision was reached to adopt 
the unit -system with ball and table type mills . The 
operating steam pressure and temperature is the 
same as for unit 3 with the exception that an impor¬ 
tant change in the steam cycle was instituted. 
Steam is bled from the turbine at approximately 
' 200-lb. pressure from the thirty-second row of buck¬ 
ets and reheated to a total temperature of 725 deg. 
fahr. One of the three boilers supplying the unit 
is of the reheat type. Generation continued at 
12 kv. similar to the three previous units and, con¬ 
tinuing the policy referred to above, metal-clad 
switchgear was used as on unit 3. Following is a 
tabulation of station performance for units 3 and 
4 for the month of July 1931, using southern Illinois 
coal with a moisture content of approximately 13 
per cent: 

r B.t.u. per lb. of coal.. 46 g 

B.t.u. per kw-br. output.13*299 

Lb. of coal per kw-hr. output.’) ’ j jg 

Monthly load factor (per cent). 44 ] j 

Third Development Period 

Unit 5 of 115,000-kw. capacity went into service 
September 1, 1931. With the installation of this 
unit an important departure was made in the switch¬ 
ing arrangements. The generator bus was elimi¬ 
nated and the generator, together with its 120,000- 
kva. transformer bank stepping up to 132 kv., were 
considered as a unit, all switching being done at 
132 kv. Again in accordance with the policy pre¬ 
viously referred to, metal-clad switchgear was used. 
The use of this equipment on the 132-kv. installa¬ 
tion marks the first of its kind in the world. 

A further investigation of pulverized fuel milk 
led to the use of.the tube type unit mills on unit 5. 
While this type of mill requires more power than 
the ball and table type mill, particularly during 
light load operation, it was thought that the mainte¬ 
nance problem would be simplified. These milk 
have not been in operation long enough to deter¬ 
mine definitely characteristics of flexibility of opera¬ 
tion or to make a general comparison with the ball 
and table type mill. Each of the three boilers sup¬ 
plying this unit is served by three mills with a ca¬ 
pacity of 25,000 lb. of coal per hr., respectively. The 
steam cycle is similar to unit 4, steam being bled 
from the thirty-first row of buckets for reheat to 
750 deg. fahr. One of the three boilers on unit 5 
is equipped for reheat. 

With the addition of unit 5 bringing the station 
capacity up to 290,000 kw„ it was considered ad¬ 
visable to supplement the coal handling system with 
a rotary Car dumper. This installation is unique 
in that the complete system, including the mule 
haul which pushes the loaded cars up an incline 
to the dumper, was, developed for a-c. operation. 
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speed stoker drive and to coal handling equipment 

K as a r esu1 ^ of * policy adop g ted q STm 

It was felt that to ordf to stimulate the develop¬ 
ment of a-c. flexibility it would be advisable for the 
•fl^H 1I + any - to insist upon the use of a-c. equipment 
and to snare with the manufacturer the grief and 
expense certain t;o be encountered in such a develop- 
The experience derived from each case 
while somewhat -unpleasant at "the time of develop- 
ment, has resulted in the complete and successful 
adaptation of a-c. drive to the various pieces of equip¬ 
ment considered. This in turn has been decidedly 
helpful to the power sales organization. 

Future Development 

The present station capacity of 290,000 kw. covers 
what was thought: to be the complete development 
at the time the first unit was installed in 1923. 
A definite prediction at this time as to the ultimate 


development of the Waukegan station would be to 
place one in the tenuous position of all prophets. 
However, it would appear far safer to predict a 
figure of 1,000,000 kw. than 500,000 kw. -Beat¬ 
ing this in mind, it was necessary to give serious 
consideration to transmission facilities for * future 
station’output. The earlier 13*2-kv. circuits to Chi¬ 
cago were designed for approximately 90,000-kva. 
, capacity and consisted of 300,000-cir. mil conductors. 
The latest circuit installed in 1930 consisted of 750,- 
000 -cir. mil conductors with a carrying capadty 
of approximately 180,000 kva. 

A station which in its development ove£ a 10- 
year period finds its last installed "unit practically 
' five times the size of its first unit, certainly offers a 
challenge to the engineer—a challenge to coordi¬ 
nate the successive developments so as not to nullify 
any preceding investment and at the same time to 
take advantage of: the developments in the art to 
obtain an efficient workable station as a whole. 
Waukegan station, it is felt, meets these requirements. 




vC^aukegan Features 
New Electrical Desig 

Three new electrical developments Incor¬ 
porated during the last development period 
of Waukegan station are described in this 
article. They include the first 132 -lcv. 
metal-clad switchgear ever used, a 115 ,- 
OOO-kw. single-shaft turbo-altemator the 
rotor of which was the largest forging ever 
made in this country, and a coal-car mule 
for which a new scheme of a-c. drive was 
developed. 

By 

E. C. WILLIAMS Public Service Co. oF 

MEMBER A.I.E.E. Northern III., Chicago 


T® THIRD and most recent de¬ 
velopment period at the Waukegan station of the 
Public Service Company of Northern Illinois in¬ 
cludes two outstanding features: namely, the first 
132-kv. metal-clad, switchgear ever used, and a 
115-kw. single-shaft turbo-alternator. 

Based upon "Electrical Design Features of Waukegan Station” (No. 32-57) 
presented at the A.I.JB/.E. Great Lakes District meeting, Milwaukee, Wls., 
March 14—16, 1932. <* 
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During the previous development periods, de¬ 
scribed in the preceding article “Development of 
the Waukegan Station/’ an open type steel struc¬ 
ture for 132-kv. switching had been installed which 
included a number of rather unusual features, due 
partly to the fact that it was necessary to conserve 
space in one direction, whereas there was ample 
space in the other direction. As the main bus is 
located above the other equipment in the. middle 
of the structure, it appears that there are three buses. 
However, the line and transformer buses are con¬ 
nected so that they form a rectangular ring bus 
with the main bus in the middle. The line and trans¬ 
former reserve buses may be sectionalized by means 
of an oil switch of load-break disconnecting switches. 

132-Kv. Metal-Clad Switchgear 

The 132-kv. metal-clad switchgear consists of two 
double-bus units installed as shown in Fig. 1. One 
of these units is for switching the high voltage side 
of the 120,000-kva. transformer bank supplied by 
generator 5, and the other is for a 132-kv. trans¬ 
mission line. The buses of these two units are 
connected to, and form an extension of, the main 
and reserve buses in the open type steel structure. 
These two double-bus switchgear units are arranged 
as indicated in Fig. 2, and consist of oil filled cable 
buses and interconnections, special motor driven 
disconnecting switches enclosed in metal housings, 
oil switches equipped with potheads instead of out¬ 
door bushings, and special bus connections and dis¬ 
connecting devices for the instrument transformers. 

The switchgear is rated to carry 1,200 amperes 
and the oil circuit breakers will interrupt 2,500,000 
kva. at rated voltage. The capacity of the buses 
may be increased to 2,400 amperes by installing 
another set of buses. The present buses consist 
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Fig. 1. The 132-lcv. 
metai-clad switchgear, 
part of unit 5 installation, 
is the first ever used 


of 3,020,000-cir. mil, oil-filled, paper-insulated, lead- 
covered, copper-armored cable. Isolated racks sup¬ 
port the bus cable about 9 ft. above the switchgear 
foundations as it loops from switchgear unit to 
switchgear unit. The ends of each of these bus 
cable loops are insulated, and the midpoint of each 
cable sheath in each loop is grounded to keep the 
induced voltage in the cable sheath at a minimumr 

The disconnecting switch consists of contacts in 
an oil filled tank equipped with entrance bushings 
which in turn are enclosed in an outer housing. The 
tank as well as the bushing on the bus side is raised 
and lowered by a motor driven mechanism, and over¬ 
travel is prevented by limit switches. When the 
tank is -lowered, the circuit is opened under oil and 
the bus contact on the entrance bushing withdraws 
from its bus receptacle, thus providing a visual 
separation which through a sight glass may be ob¬ 
served from the outside of the housing.- The bus 
receptacle consists of a hollow porcelain .shell that 
forms a part of the main structure into which the 
entrance bushing on the disconnecting switch tank 
enters. The opening in the lower end of this porce¬ 
lain shell is automatically covered by a metal cover 
when the disconnecting switch is withdrawn. These 
switches are operated in groups from the oil circuit 
breaker control panel, or individually at the discon¬ 
necting unit. 

As it is seldom necessary to disconnect a potential 
transformer, this disconnecting device is not motor 
operated. A portable motor, however, has been 
provided for raising or lowering the potential trans¬ 
former coupler” tank whenever necessary. 

A number of interlocks is provided to prevent 
operating errors and to protect personnel. For 
instance, one of the interlocks prevents the opening- 

° f 5? < * 00r ^ *k e disconnecting switch house 

untfi the disconnecting switch is opened; this causes 
the shutter which prevents access to live parts to 
close. Another interlock prevents operation of anv 
or all disconnecting switches on both sides of the 
Circmt breaker unless the latter is open. This inter- 
lock is effective on each disconnecting switch on 
^yidual operation as well as on group control. 
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The circuit breaker cannot be closed unless all the 
disconnecting switches on both sides of the breaker 
are fully open or completely closed. An interlock 
ala> prevents operating any of the line disconnecting 
switches unless the line cable test switches are open. 
“Conversely, no line cable test switch can be operated 
until line disconnecting switches have been opened. 
An interlock also prevents the lowering of any po¬ 
tential transformer coupler tank unless lie ground 
switch and test switch on that phase are closed. 
An interlock also prevents opening any ground 
switch or test switch until the potential transformer 
coupler tank is in the connected position; this is 
accomplished by means of a system of Cory locks. 

115,000-Kw. Generator 

The generator which is tied into the 132-kv. metal- 
clad switchgear equipment is a 115,000-kw. single¬ 
shaft unit, designated as unit 5. A description of 
its mechanical details is included in the companion 
article, “A 115,000-Kw. Turbo-Alternator,” which 
follows. -This unit generates at 18,000 volts and 
with its 120,000-kva. transformer bank constitutes 
an operating unit without an intervening bus. The 
generator leads are tapped to supply the 10,000- 
kva. auxiliary power transformer, and the high volt¬ 
age and low voltage switchgear units provided for 
this transformer are tripped by differential relays in 
case internal trouble develops, so that interference 
with the generator operation is avoided. 

Auxiliary System 

The low voltage side of this 10,000-kva. auxiliary 
power transformer is connected to the main 2,400- 
volt station auxiliajy bus which can be Sectionalized 
by units, or can be operated as one bus. Reactors 
are provided between sections of this bus fbr fault 
current control. Power for starting thes auxiliaries 
on units 3, 4, or 5, or for emergency operation in 
ca se one of the station Auxiliary transformers is 
service, is obtained from the a uxiliar y bus, 

The capacity of the auxiliary power transformers 
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Fig. 2. Layout bf one 
phase of the 132-kv. 
metal-clad switchgear 
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in the present installation is 9.4 per cent of the 
generator capacity, the active and reserve trans¬ 
former capacity being 7.4 per cent and 2 per cent, 
respectively. These are selected so as to give tin der „ 
normal demand conditions 20 to 30 per cent unused 
capacity in each transformer. 

Generator Field Control 

Instead of using generator field rheostat and a 
common excitation bus, as was provided for the 
first four units, a main and a pilot exciter have been 
provided on the shaft of unit 5, On this unit the 
generator voltage is controlled by means of the main 
exciter field rheostat, thus resulting in a considerable 
saving due to the elimination of generator field 
rheostat losses. In addition, a much more rapid 
and flexible method of controlling the generator is 
provided, and in case automatic voltage control is 
later considered advisable, it can be provided easily 
at a comparatively small additional cost. 

Although, the use of a common excitation bus 
as installed for the first four units provides reserve 
capacity, it was felt that the expense of reserve 
excitation was not justified for unit 5 because the 



Fig. 3. The 12-kv. metal-clad switchgear used in 
the second development period 
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latter must be shut down in order to repair either 
exciter, and because, in addition to the reliability 
of present-day exciters, the main exciter will operate 
self-excited, thus making it possible to operate with¬ 
out the pilot exciter. 

* 

Generator Cables and Potheads m 

On the unit 5 installation four single-conductor, 
3,000,000-dr. mil, paper-core, 25-kv., paper-insu¬ 
lated, lead-covered cables are used for each phase. 
These cables extend from the generator to the 120,- 
000 -kva. transformer bank in fiber ducts. This 16- 
duct bank was designed in the form of a square sur¬ 
rounding a large square tile placed in the center of 
die duct bank to permit air circulation, thus equaliz¬ 
ing the internal and external temperatures of the 
ducts. 

Special care in design was used to make the cables 
carry equal load currents and to avoid injurious 
sheath voltages. The cable phases in the ducts 
have been so arranged that the electromagnetic 
fields surrounding the cables tend to neutralize each 
other, thus equalizing reactances and avoiding re¬ 
ductions in carrying capacity. 

As it was considered more economical to have 
induced voltages on the cable sheaths than to suffer 
the losses due to induced sheath currents, cable- 
sheath insulators were placed at the ends and at 
about the midpoint of the 550-ft. fiber duct run, 
thus dividing the cable sheaths into two sections! 
These two cable-sheath sections are grounded at 
their midpoints, thus making the induced sheath 
voltage too small to affect the lead cable sheaths 
injuriously. Oil filled potheads as well as oil filled 
joints have been used on the cables for unit 5, as 
an added safety feature which should insure maxi¬ 
mum reliability in service. 

On the small power cable the very expensive 
conduit runs which Were needed to protect cable 
of the ordinary type from mechanical injury have 
been eliminated and instead, armored cables laid 
in troughs suspended from the ceiling are used. 
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As a result the cost of these cable installations has 
been materially reduced. 

•A-C.* Car-Mui,e Drive 

Qn£ of the recent additions to the coal-handling 
system at this station is the coal-car mule, which 
pushes the loaded cars up an incline to the rotary 
car dumper. The special service requirements of# 
the car-mule drive would normally dictate the use 
of d-c. motors,* but as direct current has not been 
necessary for the other auxiliaries except for con¬ 
trol purposes, it was decided to avoid its use for 
this device, if possible. Accordingly an a'-c. system 
was developed which is, perhaps, the first of its type* 
used in this country. Solution of the problems of 
securing Jarge variations in torque with large varia¬ 
tions in speed, of obtaining a flexible control system, 
and of taking the slack out of the hoisting cable 
to prevent breakage when the load is suddenly ap¬ 
plied, have made the use of a-c. motors possible. 

The essential feature of this ins talla tion is the 
use of a slow, two-speed, 440-volt, high-torque 
motor. Coupled directly to the torque motor is 
the 500-hp., 2,300-volt, wound-rotor, main driving 
motor. The drive shaft to which the motors are 
coupled is geared to the car-mule cable hoisting 
and lowering drum. 

The control system of the equipment which pushes 


a loaded coal 'car up the incline is complex, but to 
hoist a car automatically it.is only necessary for 
the operator to move a master control switch to 
the final point. This closes contactors which put 
the torque motor on its high speed winding and thus 
brings the car mule out of the pit at a speed of 150 
ft. per .min. As the car mule approaches the coal 
car which has rolled over the hump, a limit switch 
operates and energizes intermediate circuits which 
puts the torque motor on its low-speed winding, 
so that the mule engages the coal car at a speed of 
50 ft. per min. This operation also places the main 
motor on the line with all its starting resistance 
inserted. After the car has been picked up, another 
limit switch operates to energize a contactor which 
accelerates the main motor. This process con¬ 
tinues in six steps until the main motor reaches its 
maximum speed of about 300 ft. per min. As the 
car approaches the car dumper cradle, the car is 
slowed down to 150 ft. per min. by inserting auto¬ 
matically all of the main motor resistance, and the 
torque motor is put on its high-speed winding. If 
the cradle is properly seated, the car and mule will 
proceed to the final mule limit; at this point the 
motors stop automatically and the brakes set. By 
reversal of the master switch, other motors change 
the position of the track gates through which the 
car mule leaves or enters the pit, and the car mule 
is lowered automatically. 
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Fig. 4. Single-line diagram of the 

_ . gniiui V)MK Waukegan power station 

Development of the statiorr is illustrated by this diaowm Fh* a- ..... 
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reserve buses. In the most recent installation, generator 5 J ° * a ", d . tW0 selector switches to connect with both main and 
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A 11 5,000-Kw. 

Tur bo-Alternator 


The tendency of large stean’i turbine design 
toward single-shaft units has greatly in¬ 
creased the size of generators operating at 
1/800 r.p.m. Consequently, the designer 
has had to solve a number of problems, me¬ 
chanical and electrical, because of the great 
axial length of these machines and the large 
weights involved, particularly in the rotor. 
^ ne w scheme of rotor ventilation and 
other features of such an alternator are 
described in this article. 


By 

R. B. WILLIAMSON 

FELLOW A.I.E.E. 


Allli-Qalmers Mfg. 
. Co., Milwaukee, Wii. 
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A SEPTEMBER 1931 a 115,000-kw., 

0. ,)o-power factor, 121,000-kva., 1,800-r.p.m. generator 
was put into operation in the Waukegan station of the 
Public Service Company of Northern Illinois. The 
station is described in two preceding articles, “De¬ 
velopment of the Waukegan Station” and “Waukegan 
Features New Electrical Designs.” 

This generator is wound for 18,000 volts, 3,884 
amperes, three-phase, 60 cycles. The voltage for this 
generator was decided, after careful study, both 
from the operating point of view and from considera¬ 
tions .of generator design. The whole output of the 
machine, with the exception of a s mall part used for 
the operation of station auxiliaries, is stepped up 
and all switching done on the high voltage side of the 
transformers; hence the voltage of this unit did not 
have to correspond with that of the older units in the 
station, and it was possible to wind the generator 
for 18,000 volts in order to obtain the best type of 
stator winding. The stator winding is placed in 84 
open slots, 21 per pole, and connected in two parallel 
circuits. Two conductors per slot: give the simplest 
form of winding and eliminate practically all danger 
of insulation breakdown between, turns. The coils 
are made in halves, each conductor being built up 
of asbestos-covered, varnish-treated strands trans¬ 
posed to eliminate stray currents. At each end of 
the stator the half coils are connected together with 
solid clips to form one-turn coils. Since the winding 
is in two parallel circuits, each conductor carries 
one-half of the total current outpnt. 

The coils are insulated with mica tape, with 

Bailed upon ''U6,000-Kw. Tu,rbo-AIteniator'’ (No. 32-58) presented at the 
A.I.E.E. Great Lakes -Distnct meeting, Milwaukee, Wxs., March 14-16, 1932. 
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, F'S* ! ■' The 115,000-kw. single-shaft^unit installed 
in the Waukegan station 
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I—urs-*T 

Fig. 2. Stator 
slot section 



Fig. 3. Method of supporting the 
projecting ends of the stator coils 



AIR 

INLET 


Fig. 4. Sectional view of the generator 

asphaltum base binder. The insulation is molded in 
place in such a manner as to secure a dense insula¬ 
tion free from air inclusions. A layer of asbestos 
tape treated with varnish is placed on the outside of 
the coils to form a corona sheath. The whole wind¬ 
ing was subjected to the standard A.I.E.F. test of 
37,000 volts for one minute and there was very little 
evidence of corona at this voltage. The stator slot 
and arrangement of conductors are shown in Fig. 2. 
The projecting ends of the coils, Fig. 3, are supported 
by;lashing to insulated non-magnetic brackets 
which form ring supports and at the same time 
avoid closed circuits for stray currents induced by 
leakage fluxes. In Fig. 4 is shown a sectional view 
of the generator. 

The terminals of the winding are brought out at 
each side Of the end housing so as not to interfere 
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stator with core and windings complete weighs 
350,800 lb. net (159,000 kg.) and was shipped on a 
special car designed for 400,000 lb. (181,000 kg.) 
load. 

Rotor Construction 

• • 

The construction of the rotor for such a large 
high speed machine required a great deal of study as 
the weight of* the finished rotor is 228,650 lb. (103,- 
600 kg.). The weight of the rough turned forging 
was 240,000 lb. (109,000 kg.) and, before rough 
turning, 264,000 lb. (119,500 kg.). The forging was 
made from an ingot 108 in. (274 cm.) diameter, 
weighing approximately 480,000 lb. (218,000 kg.). 
The finished diameter of the rotor body is 55 in. 
(139.6 cm.) and the peripheral speed 26,000 ft. per 


Fig. 5. (Left) 
Terminal boxes 
for stator leads 


with the air ducts, and also to render them accessible 
.above the i|oor line of the unit. Tine ter minals affe 
brought out on one side and neutrals on the other. 

The arrangement of the special compound-filled 
terminal boxes on the fine side of the generator is 
shown in Fig. 5. These boxes are mounted on the 
foundation wall directly below the outlet on the 
generator, Bach of the leads is provided with a 
terminal box in which current transformers for 
differential protection are mounted. A tap for 
auxiliary power supply is taken off directly from the 
main leads as indicated, and a current transformer in 
the auxiliary tap is provided in the terminal box, 
together with potential transformers for the machine. 
The whole arrangement is compact and affords a 
high degree of insulation. The boxes are filled with 
soft compound and the potential transformers are 
oil insulated. The cable potheads on the terminal 
boxes are oil filled, and lead-covered cables are 
carried down the side wall of the foundation and 
protected by a casing extending to the basement 
floor. This Casing is made of aluminum plates 
bolted together so as to be readily removable. 

The stator frame is of welded construction and 
made in two sections for convenience in handling, 
the halves being bolted together in a plane normal to 
the shaft at the center of the machine. An end 
view of the stator core and yoke with the stator 
laminations in place is shown in Fig. 6, while Fig. 7 
shows the completed winding. The axial length of 
the laminated core is 281 in. (714 cm.) between end 
heads. The punchings are clamped between heavy 
finger plates of non-magnetic cast steel. In stacking 
the core, the laminations were pressed down by 
means of hydraulic jacks, as the work progressed. 
The core punchings are of silicon steel having a loss 



not to exceed 0.75 watt per lb. at a 
dig 5 s. lines per sq. cm., 60 cycles. 
^dJpures are of non-magnetic 


density of 10,000 
The stator end 
cast : iron; The 


Fig. 6, (Right) 
Stator with lami¬ 
nations in pjace 


min. (132 m. per sec.). There was considerable 
discussion with the steel makers as to the possibility 
of securing a sound forging of such large size and 
weight in a single piece: Several alternatives were 
considered, and it was finally decided to make the 
forging in one piece, but to arrange the design so 
that if difficulties were encountered the stub shafts 
could be cut pff and stubs bolted to the body, thus 
making a three-piece construction. Fortunately 
this was not necessary, as the steel maker produced a 
single-piece forging which after careful physical 
tests and inspection by boring proved satisfactory 
in every respect. 

The material in the rotor forging is Open-hearth 
carbon steel, with a small percentage of vanadium 
thoroughly annealed. The body is approximately 
24 ft. (732 cm.) long and the distance between 
bearing centers 420 in. (1,070 cm.). The rotor body 
after slotting, also one of the coil retaining rings, is 
shown In Fig. 8. The rotor is bored throughout its 
length with an 8-in, (20.3-cm.) hole, the surface of 
which is polished. The stub shafts are given a 
smooth finish, the same as on the bearing jour nals , 
to remove all tool marks and avoid localized Stresses 
that might start cracks during long continued service. 
For the same reason all fillets on the rotor and end 
rings are carefully pohshed. The rotor end rings are 
of high tensile strength, nonmagnetic, alloy steel in 
order to reduce stray loss. 

Electrical Engineering 



In general, the rotor construction does not’ differ 
materially from that used for similar large rotors. 
All insulation is of mica and asbestos. On account 
of the large diameter of the stub shafts it was not 
advisable to mount the collector rings between the 
outboard bearing and the generator, as the rings 
would have to be of such large diameter that the 
rubbing speed at the brushes would be too high. 
The. rings were therefore mounted outside the 
bearings, and leads brought thrbugh the shaft. 

A new method of ventilation was used on this rotor 
because on account of its great axial length, the 
methods heretofore used would not be effective in 
ventilating the central part. The usual method of 
rotor ventilation has been to provide longitudinal 
channels under the coils, into which air can be 
drawn from each end of the rotor. Holes drilled 
down through the teeth connect with these channels 
and when the machine is in operation, air is drawn 
in from each end through the channels under the 
rotor coils and thrown out of the holes by centrifugal 
action. This method works well for rotors of medium 
length, but for very long machines it is difficult to 
secure enough inlet duct area under the coils to 
supply adequate ventilation; and what ventilation 
is obtained is not uniform along the length or the 
rotor body. 

In the present case, instead of using the centrifugal 
effect and feeding air in at the bottom of the slots 
from each end, a method was devised for taking up 
air out of the air-gap at the circumference of the 



Fig. 7, Stator with completed winding 



rotor and utilizing the impact head to force air 
down through the ventilating holes, returning it to 
the air-gap. Air from separate ventilating fans is 
supplied under pressure to the air chambers at 6ach. 
end of the stator and from there passes into 14 
inlets (Figs.“3 and 4) spaced equally 0 around the*back 
of the. stator punchings From-'these chambers it 
blows inward in a radial direction against the rotor, 
makes s? U-turn and passes out radially through the 
yoke. Thus, air is blown in against the rotor at 14 
points and this air is comparatively "cool, as it has 
traveled only a short distance from the inlet. A 
small portion of the air is by-passed back of the coils 
in order to'cool the part of the stator core behind the 
teeth, but the greater part blows in against the rotor. 
There is thus a strong circulation of air through the 
air-gap at all points throughout the length of the 
rotor. 

The scrubbing action of the surface and the venti¬ 
lation at the ends of the rotor removes a large part 
of the heat, but it is also necessary to-provide addi¬ 
tional ventilation as stated above. The method used 
in this case is shown in Fig. 9. Radial inlet holes are 
drilled to within a short distance of the roots of the 
teeth and outlet holes are drifted at an angle as 
.shown, so as to connect with the former at the 
bottom. Plugs cut away on the under side are 
sqrewed into the tops of the inlet holes as indicated 
and a short channel is cut in the tooth tep as shown • 
to connect with the slot in the under side of the plug. 
The plugs are of course locked in position so as to 
prevent any possibility of turning. When the rotor 
is rotating, at a peripheral speed in this case of 
26,000 ft. per min. (132 m. per sec ), the impact head 
is sufficient to force air through inlet and outlet 
holes. Numerous tests made on models showed that 
the air velocity through the ventilating holes is at 
least 6,000 to 8,000 ft. per min. (30.5 to 40.7 m. per 
sec.). Also tests made with an experimental rotor, 
with and without these ventilating holes but other¬ 
wise under exactly similar conditions, showed a 
decided gain in cooling effect with the ventilating 
holes. The ventilation does not depend on any 
centrifugal action, as the centrifugal effects on the 
air in the inlet and outlet holes are balanced. With 
this arrangement, as the length of the rotor is in¬ 
creased, the number of ventilating units and the air 
carrying capacity are also increased in proportion, 
and a long rotor can be ventilated as effectively as a 
short one. It might be thought that this method of 
rotor ventilation would be noisy, but such has not 
proved to be the case as the rotor makes no more 


Fig. 8. Rotor core 
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noise than one provided with the usual centrifugal 
ventilation. 

• Air* Supply 

Aif is supplied to the generator by four separate 
motor driven blowers mounted within the foundation 
space, directly beneath the generator and operating 
on a closed system. Two of the blowers as installed 
are shown in Fig. 10, the other two being similarly 
located on the opposite side of the foundation. 

Separate fans were used for several reasons. With 
a rotor of such large weight and length of body, it 
was necessary* to keep the stub shafts as short as 
possible and the use of self-contained fans with their 
air inlets adds considerably to the length of the 
shaft. Moreover, the large shaft restricts the air 
inlets to such an extent that self-contained fans 
could not deliver the amount of air required without 
excessive inlet velocities and consequent loss in 
efficiency. Separate fans are more efficient and per¬ 
mit better mechanical design of the rotor, besides 
being more quiet in operation. Each fan can deliver 
50,000 cu. ft. (1,420 cu. m.) of air per min. again s t 
9-in. (22.8-cm.) static pressure. The fans operate 
at 1,160 r.p.m. and each requires a maximum of 104 
hp. To allow ample margin, - 150-hp. line-start, * 
squirrel-cage motors are provided. The fans are 
•single inlet* type with runners mounted directly 
on a shaft extension of the motor. All four fan in- 
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lets open directly into the chamber under the coolers 
into which the air is discharged. With the generator 
delivering 70,000 to 80,000 kw. it is found that 
two fans furnish sufficient air, and four are operated 
only under full load conditions. ‘Outlet dampers are 
provided on each fan so that it can be cut off when 
not ip .use.. Fig. 11 shows the general arrangement 
of the blowers in relation to the generator and air 
coolers. 

For 'cooling the' air, condensate is circulated 
through a fin type radiator cooler mounted directly 
under the generator. The cooler is designed to 
handle 200,000 cu. ft. (5,670 cu. m.) of air per min. 
with a pressure drop not exceeding iy 2 in. (3.81 cm.) 
water. With cooling water temperature not ex¬ 
ceeding 80 deg. fahr. (26.6 deg. cent.), it will absorb 
6,985,000 B.t.u. per hour and deliver air to the 
generator inlets at a temperature not exceeding 104 
deg. fahr. (40 deg. cent.). 

Excitation and Alternator Characteristics 

The rotor is wound for 250-volt excitation and 
current is supplied by a 350-kw. shunt wound exciter 
coupled to the turbo-alternator. The main exciter 
is a two-bearing machine with bearings lubricated 
from the oil circulating system of the maiti unit 
A pilot exciter of 7.5-kw. output is overhung on the 
main exciter. This 250-volt machine provides exci¬ 
tation for the fields of the main exciter. 

As shown by shop tests, the excitation required to 
secure rated terminal voltage at no load is approxi¬ 
mately 400 amperes, and that required to secure 0 full 
load current on short circuit is approximately 600 
amperes. Regular operation on the station load 
indicates that the temperature rise of the generator 
at full load is well within the guarantees of a 60-deg. 
cent, rise by detector on the stator, and an 85-deg. 
cent, rise by resistance on the rotor. The estimated 
efficiency of the generator at rated load, including 
power required to drive the separate fans, is 98.1 per 
cent. 


Fig. 10. Two of the four motor driven blowers 
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Fig. 11. General arrangement of blowers 
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An "Exponential" Slide Rule 

An “EXPONENTIAL” slide rule 
has been developed to facilitate probl ems inv olving 
the logarithms or antilogarithms of numbers. It 
differs from the ordinary slide rule of logarithms in 
two fundamental respects: (1) natural logarithms 
(to the base e = 2.71828) are given, and (2) both the 
characteristic and mantissa are determined directly 
in one reading. Logarithms of numbers from 0.00001 
to 100,000, and the corresponding antilogarithms are 

given. As the addition of the characteristic nor mally 
would reduce the accuracy of the rule, the scale of 
logarithms has been split up into five 10-in. sections, 
thus giving an accuracy comparable with that of the 
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ordinary rule. This exponential slide ..rule wss de- 
vdoped by L. B. Sklar (A *30) 816 North 6th Street, 
Philadelphia, Pa. 

# Mr* Sklar states that for dete rminin g the loga¬ 
rithms of numbers less than unity, he has discovered 
a method which may be used both with his new rule 
and with the ordinary polyphase slide rule. This 
method involves the use of the Cl scale in conjunction 
with the L scale, instead of the customary use of the 
D scale with the L scale. In dealing with logarithms 
of numbers less than unity, this method saves time 
and simplifies the steps involved with a resulting de¬ 
crease in the possibility of error. 

To find, for example, the value of 0.0003 x * 47 place 
the runner of the ordinary slide rule at 3 on the Cl 
scale and read the mantissa -0.523 on the L scale. 
The characteristic for numbers less than unity always 
is equal to the number of zeros, and therefore in this 


*■* * 

case is —3; the logarithm thus is —3.523. Multi¬ 
plying this by 1.47 gives —5.18, and the antiloga¬ 
rithm of this number must next be found. Placing 
the slider at 18 on the L scale gives 662 on the •€! . 
scale. The characteristic —5 indicates that there 
are five zeros following the decimal" point, and-the 
answer is therefore 0.00000662. 

It may be seen that If this problem had been solved 
by the use of the D scale, as is customary, rather than 
the Cl scale, it would have been necessary to add the 
step of making the usual subtraction before the cor¬ 
rect logarithm is given. A similar subtraction would 
have been, necessary in finding the antilogaritlim, 
and to avoid error pencil-and-paper operations would 
have been necessary in performing these subtractions. 
The use of the Cl scale instead of the D scale auto¬ 
matically eliminates the necessity of any subtraction 
in fi n di n g the logarithms of numbers less than unity. 


Motors for 3,000-Volt 
Multiple Unit Cars 


A new multiple unit car motor incorporat¬ 
ing many novel design features was de¬ 
veloped for the electrification of the 
Lackawanna suburban service in New 
Jersey. So far, these motors have re¬ 
quired but little maintenance, and have 
been remarkably free from flashovers, 
insulation failures, and mechanical troubles. 


By 

J. C. AYDELOTT 

MEMBER A.I.E.E. 


General Electric 
Co., Erie, Pa. 


A 

^wBSENCE OF TROUBLE in com¬ 
mencing service and in maintaining it has charac¬ 
terized the entire suburban electrification program 
of the Delaware, Lackawanna and Western Rail¬ 
road. This is especially significant in view of the 
fact that it is the first multiple unit suburban service 
jA this country employing a d-c. trolley potential of 
;3,000 volts. A notable lack of motor trouble is one 
of the factors responsible for the small number of 
maintenance difficulties experienced. 

There are now in service on the Lackawanna 
railroad, 564 of these motors, the last 141 of which * 

Based upon “Motors for 3,000-Volt D-C. Multiple Unit Cars” (No. 32-36) 
presented at the A.I.E.B. winter convention, New York, N. Y„ Jan. 26-29, 
1932; subsequently brought up to date by\he author. 
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were placed in service on January 25, 1931, when 
the extension of the electrification to Dover was 
completed. By June 1, 1932, 13,000,000 car-miles 
had been operated, with only two train delays, one 
of nineteen minu tes and one of four minutes, charge¬ 
able to motor failure. In view of thi§ splendid ' 
operating record, it might be interesting to review 
briefly some of the motor design features that have 
contributed toward operating reliability. 

Characteristics of the motor are shown by the 
Fig* 1. The motor has a continuous rating 
of 97 amperes at 1,500 volts, with field shunt at 50 
per cent, and a temperature rise not exceeding 105 
deg. c6nt. above .ambient. It has a one-hour rating 
of 130 amperes with a corresponding temperature rise 
not exceeding 120 deg. cent abovl ambient. 
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Motor Flashovers Minimized 

So far, the motors have been remarkably free from 
. flashovers, insulation failures, and mechanical 
troubles. Minimizing of motor flashing is an achieve¬ 
ment embracing many features of design. Flashing 
may be caused by interruptions or disturbances in 
the voltage applied to the motors; also many things 
within the motor itself may contribute to c flashing, 
some of these being poor commutator condition, 
commutator roughness, oil and dirt between com¬ 
mutator bars, flat spots, bouncing brushes, an d low 
motor stability. 



Fig. 2. Cross-section of motor for 3,000-volt d-c. 
multiple unit cars showing ventilation system 


Successful operation of this motor demonstrates 
the feasibility of a relatively high commutator bar 
potential. With 281 commutator segments and 
1,500 volts applied to the motor terminals, this 
amounts to 21.3 volts per bar, which is higher than 
previously used in any 3,000-volt railway motor. 
Successful operation under these conditions, however, 
depends upon commutating characteristics that will 
keep the commutator always in first class condition, 
and also upon the ability of the motor to withstand 
frequent wide and sudden variations of trolley volt¬ 
age on full or weak field with a minimntn 0 f “spit” 
at the brushes. 

Good commutation depends first upon keeping 
the reactance of the armature conductors at a mini¬ 
mum so that the energy involved in the reversal of 
current in a conductor is low. Besides this, the 
compensation, which depends upon the quantity of 
commutating pole flux, must have the required 
value at all loads. The design of this motor em¬ 
ploys a one-turn armature winding. Careful at¬ 
tention was given to the number of slots and the 
proportions of the slots, air-gap and pole faces. 
Armature bars are clipped at the back thus per¬ 
mitting a “breaking up of the slots” which has long 
been a feature of good railway motor design. Non¬ 
magnetic binding wire is used to reduce slot re¬ 
actance. 

It is well known that good commutation usually 
can be obtained at some one motor load depending 
upon the adjustment of the commutating field 
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strength; common practise has been to adjust 
compensation for minimum sparking at some load 
near the one-hour rating. If the commutating poles 
were somewhat saturated at this point, the motor 
would be over-compensated for all lighter loads. 
To avoid this condition the design of this motor 
includes ample co mm utating pole cross-section; 
as a result, commutation is good from the lightest 
load to four times the continuous rating. Light 
loads 'are mentioned particularly because no sacrifice 
of commutation at light loads has been made to 
obtain correct compensation at heavy loads. 

To an unusual degree this motor has ability to 
withstand flashover from voltage interruption. This 
may be attributed largely to the use of highly re¬ 
sponsive commutating poles. Extra turns are wound 
on the commutating coils; under steady-load condi¬ 
tions the extra magnetomotive force thus produced 
is consumed in non-magnetic shims at the back of 
the commutating pole pieces. Thus the commutating 
pole flux follows very quickly any change in the 
armature current and tends to maintain correct 
compensation even under extreme transient condi¬ 
tions. ^ A strong exciting field winding adds to the 
stability of the motor. The use of an inductive 
shunt rather than field tapping to ob tain weak 
fields gives any motor a greater ability to withstand 
flashover from interruption during reduced field 
operation. In the Lackawanna motor the induc¬ 
tance of the field shunt has been so proportioned that 
the ability of the motor to withstand flashover on 
reduced field is superior even to its performance on 
full field. 

Ventilation System Keeps Motors Clean 

Motor flashing that might be caused by dirt is 
avoided by the ventilating scheme developed for this 
motor. No external blowers are used, but with the 
system of ventilation adopted the motor operates at 
all times with its interior either at or slightly 
above atmospheric pressure. The motors are self- 
ventilated as shown in Fig. 2. Cooperation of the 
car builder permitted the ventilating air to be taken 
from settling chambers over the vestibules to which 
it is admitted through louvers at each comer of the 
car roof. A separate duct to each motor extends 
down through the side and along under the floor of 
the cal' to a point over the commutator end bearing 
where a flexible air connection made of cloth sewed / 
over a coiled wire lea.ds the air to the motor inlet / 
in the commutator end framehead. The flow of aitf 
is maintained by a fan on the motor shaft. Air enj- 
ters the motor under the commutator and passas 
first through the ducts in the armature; it is than 
returned by the fan through the field structure 
of the motor and exhausted at the commutator 
end. The air outlet opening is covered with art 
expanded metal screen and a hood, so that foreign 
material cannot fall or be thrown into the motor. 

This method maintains pressure inside all the 
exposed surfaces of a self-ventilated motor, which 
means that track dirt, fine snow, or brakeshoe dust 
cannot enter. It should be noted also that before 
the ventilating air reaches the commutator chamber 
* • 
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of the motor it is filtered, so to speak, through* both 
the armature and the field coils. Furthermore 
any carbon dust originating in the commutator 
chamber is earned directly to the exhaust openings 
and does not enter‘any other parts of the motor. 
Routine inspections have shown these motors to be 
uihisually clean. Surplus oil from the bearings is 
led through ducts to the outside of the motor md 
none finds its way inside. 

• • 

Commutator Design 

Smooth commutators depend not only upon good 
commutating characteristics but also upon good 
mechanical design and construction. The use of 

OUr iJ 3rus !^ 0 ^ el [ s and armature current 

resulting from the high voltage employed permit 
the commutator to be compact and strong The 
te* adiameterof 16% in. and a brush 
surface 2 / 4 in. wide. With the cars operating at 

“ J. ^ ir - at least once during every round 

tnp^the motor speed reaches 1,800 r.p.m. At this 
speed the penpheral velocity at the commutator 
surface is 7,620 ft. per min. 

When the motors were first put into service some 
brush breakage occurred at high speeds. In a shflrt 
tune, however, the commutators became seasoned so 
that brash breakage was practically eliminated. 
The brushholders also play their part in maintaining 
good commutating conditions. Pressure fingers are 
8te + d . clock-spring type, having low inertia 
and maintaining their tension permanently; they 
are centrally located by recessed adjusting sleeves 
clamped by the first turn of the springs. A non- 
resihent brush is used to maintain contact with the 
commutator at high speed.. As no abrasive action 
is necessary to keep the commutator smooth, the 
brush may be comparatively soft, of low friction 

coefficient, and may operate with a high contact 
voltage drop. 

Insulation of the motor throughout is in accor¬ 
dance with recognized standards for3,000-volt railway 
motors. While the absence of insulation failures in 
ttie motors thus far covers a comparatively short 
penod, experience has shown that the same kind of 
insulation in other 3,000-volt motors lasts indefi- 
mtely, failures seldom occurring from any other 
cause than mechanical damage. 

Ratings 


* 

of only 34 amperes. The field shunt is designed with 
r l se . characteristic that, at the r.m.s. 
current obtained in continuous suburban service, 
will give a temperature rise approximately equal* to 
the corresponding temperature rise ,of the traction 

train* wfih^ /* elds \ Cold equipments coupled in 
eq^Sly h * e W mea ts will share the load 

the current of the shunt 

slightly exceeds its rating, reaching a peak value on 

^°lr r0Ximate1 ^ 3,0 °? ft,) where the calculated 
r.m.s. value is appromnately 37 amperes. However. 

under these conditions the r.m.s. current of ^the 

motor exceeds its continuous rating Tor 105 deg-. 

cent, rise by resistance. Not only was the present 



Fig. 3. Complete motor showing pinion and axle 
bearings. Note pants-leg'* air duct connector at 
the upper left 


Ratings of the motors when ventilated as in service 
are as follows: 



Volts 

Field 

strength 

Shaft 

hp. 

Amperes 

Tepipera- 
R.p.m. tore rise 
deg. cent. 

Continuous. 
One hour.... 

HN 

o» 

o © 

© o 

• • • • 60%,,, 
• •..60%.,. 

..181..; 

..255... 

... 07.0... 
...137.0... 

..1,066..... 105 
.. 913.....120 


Although during the time that it is connected the 
inductive shunt carries 50 per cent of the current 
passing through the motor, it has a continuous rating 
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electrification of the Lackawanna considered in 
studying shunt capacity, but also the possibility 
of extensions into more mountainous territory in- 
voiying long uphill runs. These studies indicate 
that these runs do not require a shunt rating of 
more than one-third the continuous motor rating 
for 50 per cent field strength operation; this reduc¬ 
tion in shunt rating permits a saving in weight. 

_ A view of the complete motor is shown in Fig. 3. 
Four motors are used on a motor car weighing 81.5 
tons loaded; this, together with a trail car weighing 
56.5 tons, forms a two-car unit of 138 tons. The 
motor weighs complete with gear, gear case, and 
6,850 lb., giving a weight per horsepower 
of 26.9 lb. The four motors give a capacity for the 
two-car units of 7.4 hp. per ton. Trains for use in 
short run commuter service may be made of 2,4, 6, 8, 
10, or 12 cars, half of which in each case are motor 
. cars. A typical six-car train has a free running 
speed of 67 miles per hr. on level track (Davis 
friction) and a maximum permissible speed of 70 
miles per hr. 

Design of the motors permits the use of as high a 
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train accelerating rate as desired, limited only by 
the weight on drivers and the slipping point of the 
wheels. Normally, an automatic acceleration of 
• 1.5" miles per hr. per sec. is maintained, correspond¬ 
ing to an adhesion of 12.8 per cent. Acceleration 
tests have shown an equipment to b*e capable of 
reaching 30 miles per hr. in 20 sec. and 47 miles per 
hr. in 60 sec. 

In frequent stop service a four-motor equipment 
is well loaded by a motor car and trailer unit, the 
motor temperature approaching the permissible 
limit for class B insulation of asbestos and mica 
tape. Experience has shown, however, that for 
railway motors, class B insulation tightly applied, 
molded, and hot-drawn will have a longer life if the 
motors are run hot enough to keep them free from 
moisture. In long run service the motors will have 
sufficient excess capacity to permit the handling of 
additional trailers. 

Mechanical Design 

Conservative interpretation of experience charac¬ 
terizes every feature of the mechanical design con¬ 
tributing to low maintenance. Stresses in all work¬ 
ing parts are low. Both armature and axle bearing^ 
are of the sleeve type and embody the constant oil 
level feature permitting oiling periods to be extended 
to severartim.es the usual period. There is a layer 
of babbitt on the wearing surfaces of the bore and 
flanges of all the bearings. The almost complete 
absence of hot bearings during the initial stages of 
the electrification was due not only to design, but to 
the fact that all of the linings were line reamed after 
assembly in their respective final positions, and due 
also 'to the careful packing of the bearings; oiling, 
and breaking in. 

Operation of the gearing on the motors is quiet, 
promising long life. Gears are of special heat- 
treated steel, General Electric Company grade F, 
2V4 pitch, with long and short addendum tooth 
form. To insure correct profile, the gear teeth were 
ground after treatment. Possibility of the gears 
giving off ringing notes has been overcome by a 
non-resonant feature obtained by snapping rings of 
small cross-section into annular grooves machin ed 
in the under side of the rim. These rings have a 
different period of vibration from that of the gear 
section, thereby counteracting or destroying the 
vibrations in the gear. The manner in which the 
rings are assembled provides an annular pocket for 
the retention of gear grease; this also has a decided 
damping effect. After assembly, the rings are 
welded at the joint to prevent any possibility of 
-ffieir coming loose. Gear cases are of malleable 
iron with three point support. 

During eighteen months of operation the main¬ 
tenance expense of these motors has been extremely 
low. The time when commutators will have to be 
turned down is still in the remote future Very 
few motors have been removed from the cars for 
any purpose. There is every reason to expect con- * 
turned low maintenance for this first multiple 
unit suburban electrification employing a d-e 
^trolley potential of 3,000 volts. S 


Refrigeration Improves 
the Health of Millions 


By 

WILLIAM H. ADAMS 


Detroit, Mich. 


Engineering, with its benefits 

enters our homes daily in many ways. Manufacture 
of artificial ice and mechanical cooling of space have 
become commonplaces and constitute a major 
achievement of engineering and science. 

But a short generation ago, people lived principally 
on salt meats, salted and dried fish, dried grains, and 
dried fruits, and on foods conserved by the early 
canning and preserving arts, except for a few weeks or 
months when fresh fruits and vegetables were avail¬ 
able from nearby truck farms. The refrigerator 
freight car and the modern cold-storage warehouse 
have changed the eating habits of a large part of our 
people and have brought to the tables of millions of 
industrial workers articles of food that but recently 
were the luxuries of the rich. 

Early efforts to cool space and goods by the use of 
natural ice were but partially successful; low tem¬ 
peratures were difficult to obtain and harder to hold 
uniform. The modem cold-storage warehouse, with 
temperatures held at any desired level and with but 
fractional degrees of change, will keep food products 
in fresh condition for almost an indefinite period. 

The consumer has benefited by the lengthened list 
of foods available, and the health of our people has 
been improved by this diversity of diet and by the 
inclusion of vitamin-bearing fruits and vegetables, 
Instead of the occasional glutted market and then 
scarcity, the produce of farm, dairy, orchard, and 
garden now reaches the consumer in orderly and regu¬ 
lated quantities and with a minimum of loss. Eands 
remote from population centers but well adapted to 
the production of perishable crops thus may be used 
with confidence that refrigerated transportation and 
cold storage at points of consumption or in tr ansit 
will result in distribution over an adequate Htno and 
with the widest possible market. 

Our theaters now are cooled and de-humidified 
mechanically; trains with interior temperatures held 
at the comfort line ply between our cities and across 
the desert; office buildings are beco ming av aila ble 
with air-conditioning as an added aid to efficiency and 
comfort. In the most recent field of domestic 
mechanical refrigeration, more than three million 
units were in use at the end of 1930, and it is esti¬ 
mated that an additional million were in service by 
the end of 1931. Presently, at the touch of a switch, 
our homes will be cooled in summer as readily as they 
now are warm ed in winter. 

Editor’s Notes This is the eleventh article in the Engineering Foundation's 
symposium Has Man Benefited by Engineering. Progress?” Purs uan t to the 
invitation of the Engineering Eloundatioh, the editors will be happy to receive 
comments, criticisms, or discussions pertaining to this or other articles pub- 
ushed m this series. " 
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1. More engineering graduates have ultimately gone Into primarilv administra¬ 
tive positions than have remained in pure technical engineering activity. 

2. The former have received greater financial reward than the latter. 

3. Excepting a few recent graduates, the former have learned oracticallv all 
they have known regarding administration after they left college - ^ 

Thepresent'stud 7 indicates that it would be'unwise to adopt 
either the policy of training college students primarily for ma.na.ge- 
ment or allowing the technical engineering course itself to be suffi¬ 
cient. Both phases of training are necessary and an attempt should 
be made to emphasize the phase best suited for each individual. 

• Definite proposals are outlined regarding the type of college 
training for the professional groups; and an appeal is made that 
industry recognize the powerful influence which its past salary policy 
^ en 8 ineerifl S leadership, as it ir unquestionably 

reflected m these surveys, will have in turning talented minds away 
from technical engineering. The appeal is not merely to give such 
engineering its due, hut, in industry’s own interest, to prevent the 
problem in the next generation of having a dried up technical engi¬ 
neering leadership. (A.I.E.E. paper No. 32-75) 


The Engineering Subjects in 
the Four-Year College Pro¬ 
gram of Electrical Engineering 


The PRACTISING engineer is vitally concerned with 
wlucation because the young graduates are trained to meet the 
specifications of bis profession, to join its ranks, and to work beside 
lum m tlie years to come. He should give advice therefore as to the 
economic and professional content and interrelation of the programs. 

The Society for the Promotion of Engineering Education report 
of tlu- study of engineering education from 1923 to 1929 gave valu¬ 
able recommendations as to the preparatory and secondary subjects 
in the curricula. In view of the developments of the past few years 
and of immediate future demands, it is time to study the technologi¬ 
cal portion of the curriculum in electrical engineering. Studies 
show what some 33 representative schools provide in required and 
elective electrical divisions and the semester hours required in cog¬ 
nate engineering subjects. Consideration, study, and suggestions 
arc requested from the members of the Institute who are engaged 
in active practise. (A.I.E.E. paper No. 32-74) 


Educational Aspects of 

Engineering and Management 


By 

R. E. Doherty* 


By 

A. H. Lovell 1 


District* 


By 

L L. Perry 7 
F. V, Smith 7 


^OAD characteristics, generating stations, and 
transmission lines of the Chicago territory and particularly the 
power supply of Chicago proper, are outlined in this paper. * 

The economics of the scheme of supply are discussed from the 
points of view of interchange energy agreements, comparative 
incremental fuel costs of generating stations, incremental losses of 
transmission lines, load schedules, remote metering and load dis¬ 
patching, economics of 550-lb. to 650-lb. units, automatic frequency 
regulation, control of voltage, phase angle, and wattless voltamperes. 

The reliability of the system is outlined with respect to the design 
of generators, switchgear, transmission lines and cables, relay pro¬ 
tection, methods of operation, and reserve capacity. From the 
experience gained in the Chicago temtory, conclusions are drawn as 
to the policies of economy and reliability which have been adopted 
in operating the system. (A.I.E.E. paper No. 32-76) 


By 

J. W. Anderson 4 
Herbert Estrada 4 


Surveys made by sending questionnaires to organized 
groups of engineers have established some important facts regarding 
functional distribution, and financial reward. These facts have been 
interpreted, differently, but in order to use them as the basis of any 
formulation ot educational policy, they should be rationalized in. 
terms of their historical setting. Such has been the object of this 
study. The three predominant facts from these surveys are: 


University of Michigan, Ann Arbor. 
Yale University, New Haven, Conn. 


Philadelphia Electric 
Company’s System* 

MAXIMUM system economy is attained when the sum 
of operating costs plus fixed charges on investment is a minimum 
Considerations of reliability usually lead to increased capital in¬ 
vestment for sturdier facilities and for spare equipment, and conse¬ 
quently add to the fixed charge burden. Fortunately,. however, 
operating costs are to some extent inversely- proportional to fixed 
charges, and analyse s of system performance often will reveal 

Reliabffity aad ■*““* *» 

?■ ^, eri . c ? J1 .T ele I >hone & Telegraph Company, New York, N. Y. 

4. Philadelphia Electric Company, Philadelphia, Pa. 

5. Detroit Edison Company, Detroit, Mich. 

6. pdison Electric illuminating Company ol Boston, Mass. 

7. Sargent & Lundy, Inc., Chicago, Ill. 
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operating savings which can result from judicious use of investment 
in spare facilities. 

Practises followed on the Philadelphia Electric Company system 
are discussed in this paper from the standpoint of production facili- 
* tie? in attaining highest system economy consistent with a high 
degree of service reliability. As the system comprises steam and 
ejectric stations of different efficiencies, a large hydroelectric plant, 
and a major high voltgge interconnection, the problems of operating 
economy are both highly important an^l complex in character. 

The reliability of production facilities of this system is indicated 
by an analysis of the factors affecting customers’ service. In 1(^31 
no interruptions to customer service Were caused by the failure of 
production facilities. Further, the operating economies obtained 
have resulted in a steady reduction of fuel rate per kw-hr. (A.I.E.E. 
paper No. 32-73) 


gether* with mqdem equipment have improved efficiency and re¬ 
duced labor. 

These changes came about in the course of providing for the 
growth of load. They were attended also with increasing education 
on the part of the attendants toward efficiency and an increasing 
vigilance of all forces against losses. (A-.I.E.E. paper No. 32-71) 


By 

J. D. Edwards 10 
Martin Tosterud 10 
H. K. Work* 0 


Oxid Coatings. 
on Aluminum 


The Detroit Edison 

Company’s System* a. p. Fugiii 8 


With BUT few exceptions, the requirements for ex¬ 
treme reliability and the economical use of resources in any electric 
system are diametrically opposed. It is not particularly difficult to 
design and operate a system to give any practicable degree of reli¬ 
ability of customer service if no consideration need be given to the 
price the Customer must pay. On the other hand, if the service 
standards were lowered sufficiently, a system could be designed and 
operated with an over-all economy exceeding present values. The 
* real problerc^is to obtain the required reliability with the tnavf&mm 
operating economy and the minimum of investment. 

Reliability of the service furnished by the Detroit Edison Com¬ 
pany is assured: first, by the design and installation of facilities to 
reduce the probability of outage; and second, by a system layout 
and operating procedure based on segregation and sectionalization to 
m inimiz e the effect of any outage. Operating economy is secured: 
first, by the fundamental design of each new installation for reason¬ 
ably low production cost; and second, by so allocating the load 
between generating stations that the more economical ma^inM 
carry a greater percentage of the total load in so far as the physical 
location of the load makes this possible. (A.I.E.E. paper No. 32-70) 


The Edison Electric Illuminating 
Company of Boston’s System* r 7 e . Dillon* 


INTEREST in oxid coatings oil aluminum began with the 
discovery of the metal about 100 years ago, for the chemirpi attrac¬ 
tion of alu minum for oxygen is one of the most important character¬ 
istics of the metal. At various times in the history of aluminum, 
attention, from the scientific standpoint or from the commercial 
point of view, has been focused on the oxid film. To the scientist, 
for example, the electrical characteristics of the oxid film have been 
of great theoretical interest and for many years have been the subject 
of experimental study and speculation. Important commercial uses 
of the film in various electrical devices have followed upon the scien¬ 
tific studies. 

The remarkable characteristics of the oxid film are discussed in 
this paper, and a large number of practical uses which can be made 
of these characteristics are pointed out. A very important char¬ 
acteristic of the film is its impermeability with high protective 
properties. Also, extensive use of film-coated aluminum has been 
made in the electrolytic rectifier, and more recently in the electrolytic 
condenser. 

The extensive use of oxid coatings having thicknesses comparable 
with those of a paint film is a relatively recent development. By a 
special process films of greater thickness may be formed which have 
a hardness partaking of the characteristics of corundum and capable 
of being made of high dielectric strength so that they canjbe used 
for purposes of electrical insulation. These thick oxid films also 
can be colored by absorption of dyes or mineral pigments. 

Many co mme rcial uses other than those of the electrical industry 
may be made of the various types of oxid film. (A.I.E.E. paper No. 
32-78) • 


Calculation of Inductance and Cur¬ 
rent Distribution in Low Voltage 
Connections to Electric Furnaces cc. Levy° 


In THE DEVELOPMENT and operation of a success¬ 
fully managed public utility reliability and economy must be based 
on the particular conditions inherent to the locality which it serves. 
As a result, every company’s problems must have individual study 
and no set and fast rules can be established for their solution. 
However, the policies, practises, and experiences of each are helpful 
in molding the development of others. 

The final plan for the addition of a large block of capacity in 
generating or distributing facilities is the result of a compromise 
between those features that seek a minimum of investment outlay, to 
be obtained by simplicity, and those that urge complications designed 
to give a high degree of operating flexibility in behalf of reliability. 
Reliability, it should be pointed out, is not necessarily sacrificed in 
the plan for less total investment. On some occasions reliability 
may be assured with smaller total investment by the installation of 
more spare capacity using simplified equipment at less cost per kw. 

• ^*e system of the Edison Electric Illuminating Company of 

Boston, the occasions of total interruption of service to any large 
single customer or group of smaller customers due to loss of trans- 
rmssion facilities have been negligible. A decided improvement in 
operating economy has been secured by generating units, turbines, 
and boiler equipment.. Furthermore, automatic substations to- 


LrOW VOLTAGE circuits supplying electric furnaces 
present special problems m the calculation of inductance and current 
distribution, in that the conductors employed vary in arrang ement 
and cross-section, and are relatively short. The very large currents 
carried give rise to reactive drops of greater magnitude than is 
usually supposed, and a detailed study of the inductance of such 
circuits therefore is desirable. 

Formulas and methods are presented in this paper for the deter¬ 
mination of the inductance of relatively short bars with the par¬ 
ticular arrange m ents found in furnace circuits. Fundamental 
theore ms for deriving geometrical mean distances first are .estab¬ 
lished, leading to the well-known formulas for self-inductance and ■ 
mutual inductance Of circular and rectangular sections. Practical 
applications of these formulas to the problem of calculating the 
approximate reactive drop in single phase and three phase furnace 
circuits are worked, up hr great detail. The same calculations may 
be used to dete rmine the approximate operating power factor of the 
.furnace. Unequal current distribution in multiple conductors, due 
to proximity and skin effects, is shown by numerical applications. 

The methods presented while.not precise are sufficiently accurate 
for practical purposes and; enable the avoiding of unnecessary re¬ 
actance. (A J.E.E. paper No. 32-79) 
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Electrical Equipment 
for Precipitation Service 
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Insulation Coordination 
of Distribution Transformers 
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at >^ r s-in^“ n d r£ 3 S£ 

expensive, a compromise based on sound past nraetL + 

present a logical improvement. (A.I.E.E. paper No. 32-80) 


Characteristics of 

■» 

Surge Generators 


By. 

P. L. Belleschi 1 * 


«*• 

New Applications of Non-Linear Circuits 
to Relay and Control Problems By 

C. G. Suits 11 

in parallel^^f nS^ S0fr f Ct0rSand ^P^rs in series and 
parallel permit obtaining voltampere characteristics which an- 

tovoltave “ d .!T hich P resent interesting possibilities when applied 
tage sensitive and current sensitive relays. With the reactor 

mg a relay which is sensitive to small changes in voltage Similariv 

isssssar--“-t“ 35 «ise 

parallel with the capacitor of a series non-linear circuit When used 
™ of instant frequency this type of resonant rela^may be 
adjusted to a minimum difference between "pick-up" and "release” 
A per cent mid, by change in resistance alone, may be adjusted to 
a maximum difference of 30 per cent referred to the pickSp vSie 
The maximum powet requirement is six watts at twelve voltamperes’ 

Z^zi:z f" the orte of 1 ~ “ nt in 

refc^ 

cental 1 ? release values may be adjusted between limits of3 S 
cent and 15 per cent. As in the case of the voltage relav JL. 

5£u a ‘«'* volt- _ 

11 olZ-Tm C .°? P £ ny of America, New Kensington. Pa. 

. General Electric Company, Schenectady, N. Y. 

June 1932 


* . ^HE REQUIREMENTS and limitations of surge gene™ 

torsfor transformer testing can be summed up SllowsT * 

When the capacity of the transformer is great the voltap-c that- m « 

^ ®J ave J s d ? sired superimposed oscillations, it is neces- 

thS res ^° ce j wit bin the generator. The front of the surge 

&en depends on the inductance of the generator and the capadtv of 

St SSr ThuJ in iS a ter inherent ** * «U5Xt£ 
obtained *th STiSSST" ^ ^ ^ Caml ° , be 
Further, the inserted resistance also limits the voltage bv an 
SSL iVeml “ on tbe Proportion of this resistance to the load 

SS^VSSST ° f opacity /very ion* 

1 t ^ e , Iead b .^f en tbe transformer and generator is appreciably 
long, other oscillations will be set up which are highly damped but 

Z e? ** tte "T"** md - oscdlations'ootur on 

mmS are ml™ TT ° n y ' aild wU1 <* Prominent when measure- 
ments are taken at the surge generator. (A.I.E.E. paper No. 32-87) 


The Coordination of Trans- 
former Insulation With By 
Line Insulation 

™>. Electrica l Bnoi- 
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Characteristics of 

Load Ratio Control Circuits 


By 

L. F. Blume 12 


* * T 

I HE INFLUENCE of saturation phenomena in series 
reactors on the circuit performance of load ratio control equipment 
has been made the subject of the present study. It has been found 
that unless care is exercised in the design of these reactors, grops 
distortion may be introduced into the circuit, resulting in obtaining 
across the reactor«voltage peaks which may endanger the insulation, 
and greatly increase the rupturing duty of the circuit breakers. 

Formulas which have been developed show that the proportion 
of line voltage absorbed by a series reactor subject to magnetic 
saturation, can be expressed in terms of the reactiye constants of 
which the circuit is composed, and that the voltage is independent 
of the current or voltage wave form. Curves based upon numerical 
solutions show that the peak voltage across the reactor may be 
limited to relatively small values by the following: 

1. Designing the reactors for relatively low flux density. 

2. Using an air-gap which is at least 1 per cent of the total length of the mag¬ 
netic circuit. 

3. Designing theveactor with a large magnetizing current, so as to avoid ex¬ 
cessive voltages when overload currents are flowing, 

4. Providing the transformer with a larger number of small percentage steps 
so that the reactor may be designed for a smaller fraction of circuit voltage. 
(AJ.E.E. paper No. 32-81.) 


Single-Phase Short-Circuit 

& 

Torque of a Synchronous 
Machine 


By 

C. A. Nickle 11 
C. A. Pierce 14 
M. L. Henderson 11 


The ANALYSIS of synchronous machines previously 
published by Doherty and Nickle is extended in this paper to include 
the calculation of torque due to single phase short circuits. The 
torque is expressed as the sum of odd and even harmonic series 
which are simply related to those previously derived for the arma¬ 
ture current. The effect of amortisseur windings also is taken into 
account. As an illustration of the application of the equations, the 
short-circuit torque is calculated for a 100,000-kva. generator. 

The mathematical analysis and general equations are presented 
under the following divisions: 

1. Short-circuit armature current. 

2. Short-circuit torque, 

3. Decrement factors. 

4. Single-phase and three-phase reactances. (A.I.E.E. paper No. 32-72) 


Transient Analysis 
of A-C. Machinery—II 


thor’s earlier paper, but with salient pole features. Thus compari¬ 
sons are made regarding transient phenomena of salient pole and 
slotted rotor machines of essentially the same character. 

The effect of external resistance is calculated for different values 
and, using the machine of Doherty and Nickle, the effect of external 
reactance and capacitance is also predicted. In the case of capaci¬ 
tance, self-excitation or negative damping is found to exist for 
certain critical values. (Pamphlet copies not available.) 


Influence on Commutation 
of Brush Contact Drop 


By 

L. R. Ludwig 8 
R. M. Baker 8 


In DESIGNING electrical commutating machinery, an 
attempt is made usually to produce during commutation a linear 
change of current with time. This, however, is rarely achieved, 
and the current density therefore usually is not constant across the 
brush surface, nor is the contact drop constant. The contact drop 
also will change with time in any small area on the brush surface, 
and therefore the static curve between voltage and current measured 
at the brush contact cannot be used. 

In this article the theory and mechanical nature of a sliding 
contact, the dimensions of a contact, and transient brush drop are 
discussed. Evidence was found that the number of contact points 
varied from 10 to more than 50, and these data made possible a 
determination of the size of contact point necessary to account for 
the voltage drop observed. It was found that the successful brush 
has a very large number of contact points, and thus has points of 
small area which will heat and cool with sufficient rapidity so tjxat 
high transient voltages are avoided. (A.I.E.E. paper No. 32-66) 


Wire Communication 
Aids to Air Transportation 


By 

H. H. Nance* 


By 

Yu H. Ku“ 


HlSTORY of air transportation within the past few 
years indicates that continued growth may be expected, particularly 
as hazards to flying are mitigated and safety and dependability are 
recognized by the public. The government is continuing the exten¬ 
sion of airways, weather reporting, • and other services, and air 
transport companies are progressing in developing transport busi¬ 
ness. Fast and reliable communication service has proved the 
backbone of weather and position reporting:, and has been a valuable 
aid in the handling of traffic. 

Teletypewriter circuits used for land service have been found 
particularly suited to meeting the various requirements involving 
simultaneous communication with many stations at remote distances. 
Other wyre communication services, such as long distance telephone 
and commercial telegraph, have aided also, particularly in reaching 
points not served by teletypewriter circuits. It is expected wire 
communication service will continue to be used extensively in con¬ 
nection with air transportation, and will be of considerable aid in its 
future development. (A.I.E.E. paper No. 32-82) 


An EXTENSION to salient pole machines is made in 
this paper, based upon the author’s “Transient Analysis of A-C. 
Machinery.” All of the cases as Calculated in “Three-Phase Short- 
Circuit, Synchronous Machines—•V,” by R. E. Doherty and C. A. 
Nickel, A.I.E.E. Trans., v. 49,1930, p. 700-14, are recalculated by 
an exact analysis. It is stated that this analysis checks quite Closely 
the approximate analysis of Doherty and Nickle. 

Results are given also for a fictitious machine having essentially 
the same constants as the slotted rotor machine studied in the au- 

14, Worcester Polytechnic Institute, Worcester, Mass. 

W. National University of Chekiang, Hangchow, China, 


Characteristics, of Electromagnetic 
Radiation From Aircraft in Flight 


By 

J. C. Coe» 
T.C. Rives 1 * 


DuRING 75 flights made in the vicinity of Wright Field, 
Dayton, Ohio, during 1931, data have been collected to determine 
the intensity of electromagnetic radiation from aircraft in flight. 

16. Signal Corps., War Dept., Wrigtit Field, Dayton, Ohio. 
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f° be . a function of altitude and ftemmcr *£«£?!!”2* '°™ d 
C““ ctl ° n of frequency and the time of %' V TL „ P “ “ 

i^oiethT 11 t0 be - deten ?-T d by fMtors. CU1Te,1Ce ° f 
thut^o^ ertund^ f 1011 ^?'^'" 4 ^ be **»“ these data are 
creases with altitude^while at i ma.Tl, 1 '*'' 111 ' fieW strtI 1 S‘h de- 

fss t fl ^r «eS"» ssn 

Providedih^' b£tWee " 

* Vic lecl that the same conditions obtain^ QO iests * 

SislS^ e “?T itythei& ^^S 

that ray. (A.I.E.B p P aper So. ^)" 8 ' 8 ° r distan “ * 


^ fundamental principles have been established 
A studv nf «+ W j er ^, b ? btin £ requirements may be more severe, 
cates ^T 111 ^ 011 leveIs over the past few years indi- 

trend toward increased illumination, and the ex- 

tend * m makc «-*«■■*• «* «»•■* 

doubtless be in crc»ased by the number 
“Built in” li<rti+’ neW bg !** m £ applications which are going into use. 

of waUs and cehings 
or8miuIated by modified ^rms of luminaires, is spread- 
JJf t p d i y,4n . tbis country. Lamps are being used which, in addi- 

sideratin^ 6 ^ ht ' SUppIy ^toa-violet radiation. Also, con- 

be ^ t0 tbe increased load caused by a variety of 
deuces winch are supplied from the lighting circuit. 

the eviK?£f? Ve de J men 1 ts of wkin g also must be considered, and 
the existing wiring code should be followed. Specifications which 

and subS ; te r dT red >f- OUl i be f amiliar to a11 consulting engineers, 
tW ™ J t d to Cntias “ by them - ^t of this it is to be hoped 

UJxEiSSiK? aCC6Pted Btadiri> of practise. 


Vertically Cut 
Sound Records 


By 

H. A. Frederick 17 
H. C. Harrison 17 


ine sounrl^«^ D ^ MBNT f X advances in recording and reproduc- 
.... have been made recently through the use nf 

“ 1 ^: 2* t The “ ~»y 3 ZZn6 IZt 

?»'£" *£££ btr^cSr^pS^hf^f 

!!Tr r inS” e to re.S3er S ti he Cl ? a . ng ? made are the use ot "cathodfspuP 

of the “ brasive recOTd of *• »•*& 
The^improvements which result are: 

1. Noise lias been reduced 25 to 30 db. 

lib .lb. 0l “”“ r *” Ee h " b ““ ,rom “ b °»t M to 30 db. to about 50 t. 

fr """ ! " Cy c “-°« h “ b “" "««=<i=<l n«wly « oou™ to .bout 0,000 

4. tlic playing time for a 12-in. record may be increased from shout a 

to lit least 15 min. y eased frora about 4 mtn. 

5. The life of the record has been tremendously increased. 

«. A more faithful reproduction has been obtained as a result of flatter fre. 

Hnear distortion --—-SiiSE £ 

The demonstrated results with these records are enhanced by 
the use of better microphones and much more powerful amplifiers 
and loud speakers. (A.I.E.E. paper No. 32-84) 


Dynamic Braking of 
Synchronous Machines 


"By 

C. E. Kilbourne 11 
I. A. Terry 11 


« , Two GENERAL electrical methods of quickly stopping 

SnS° n0U r maclu “ es are Paging and dynamic braking. Plugging 
consisting of reversing the phase rotation of the voltage applied to 
^CTarmature wmding, is subjected to a number of serious objections 
Dymunic braking, consisting of short-circuiting the am&turethmuffh 
an external resistor and maintaining field excitation, is more desirable 
and generally will result in quicker stopping. desirable 

analytical treatment of dynamic braking is presented in this 

d™X« and A neW to ^ ea ^ ent that k treat® variable speed short 
, and presents a method of allowing for saturation. The 

JariSle ~ ° Ut ^° th f ° r constant effective excitation, and for 
a and g ! neral equations are presented which en- 

madiine. etermmatl ° U ° f **“ time required to sto P a synchronous 

°/ teSt Values with 1116 calculated values is quite 
good at the point of optimum resistance. This is true of the revolu- 
bons to stop as well as of the current-speed and time-speed curves 
mnrn e th DCe 18 mcreased or decreased with respect to the opti- 
NoJ2“67) agreement 1S Somewbat iess satisfactory. (A.I.E.E. paper 


Ad^c^uate N^iring of Buildings, 
an Essential for Good 
Illumination 


Induction Motor Versatility— 
The Nature of Its Applications 


By 

E. W. Henderson 10 


By 

G. H. Sticknfey 18 
Walter Sturrock 18 


Progress m securing good illumination in buildings 
has been seriously impeded within a few years by lack of sufficient' 
wiring capacity, much to the disadvantage of owners and manage¬ 
ments. "TTius paper reviews the situation from the point of view of 
illuminating: engineering, in. the hope of stimulating interest in the 
problem, thus promoting wider exemplification of practises which 
will insure a reasonable prospect of lighting circuits adequate to 
facilitate proper illumination during the life of a structure. 

Fairly definite practises have been established for the lighting of 


17. Bell Telephone Laboratories, Inc., New York, N. Y. 

18. General Electric Company, iNfela Parte, Cleveland, Ohio. 


Today the induction motor bids fair to brintr about 
another revolution of ideas as regards its use and capabilities. Here- 
tofore, particularly m respect to the squirrel cage motor, it has been 
confined to rather restricted fields of application. Its starting char- 

Now S hmitef f^ eed ° f SP6Cial Startin S deviceS "« SXSh. 
Now, hmited-startmg-current motors such as those employing 

double cage rotors are overcoming these starting objections. The 

thrJri a^oss-the-lme” motors has encouraged the idea of 

throwing standard motors directly on the line as well as the use of in¬ 
duction motors for applications demanding frequent starting or re- 
versmg. Formerly the squirrel cage motor was looked upon as one 
to be applied only for constant speed service; today there are many 
where the operating range covers wide variations in 

. Th^ demand-fm adjustable speed has been met to some extent by 
the slipring motor and commutator type of motor. There is, how- 


19. 


Reliance Electrics & Engineering Company, Cleveland, Ohio. 
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ever, a number of applications of single winding, simple squirrel cage 
motors, which has been adapted to a great variety of uses. These 
motors, it is pointed out, may be classified as follows: division I 
covers the slips of approximately zero to 20 per cent; division II 
* covers slips of from 20 to 70 per cent; and division III covers the 
range from 70 per cent slip to standstill. In each of these divisions a 
variety of starting dnd ru nnin g characteristics may be secured by 
proper motor design. * Stopping characteristics also are subject to 
control. „ 

Applications of squirrel cage motors for rapid and oft-repeated 
revising or starting duty have been very active lately* For su$h 
service the squirrel cage rotor has many advantages over the d-c. 
armature, due to its lower inertia, and the fact that no vulnerable 
winding, commutator, brushes, and brush rigging are required. 
These and other characteristics which may be obtained in the induc¬ 
tion motor are constantly widening its field of application. (A.I.E.E. 
paper No. 32-93)* „ 


Current Propagation in Electric 
Railway Propulsion Systems 


By 

John Riordan* 


■ RACKS of electric railways, being continuously in 
contact with the earth, allow current to leak into the earth, the 
track current thus varying continuously at various points along the 
length of the track, unlike the currents in other conductors of the 
propulsion system. This paper aims to present a sys tema tic* 
treatment of current propagation in the tracks with a view to pro¬ 
viding a theoretical foundation for the treatment of engineering' 
problems in wfoich the electrical behavior of the tracks as a part of the 
current-carrying system is important. 

Such questions generally involve the impedances of electrified 
railway propulsion networks of varying degrees of complication and 
their mutual impedances with other conducting systems. Typical 
practical problems are the calculation of regulation and efficiency, 
of short-circuit current magnitude and distribution, of induced 
voltages in communication circuits exposed to the electrified net¬ 
work, and of the effects upon such quantities of changes in one or 
more of the network elements. Although the method of treatment 
set forth is illustrated by certain practical examples, the scope of the 
paper does not include any detailed development of procedure for 
the engineering application of the results. The treatment is re¬ 
stricted to systems in which the tracks and other leaky conductors, 
such as ground wires, may be represented with sufficient accuracy by 
a single conductor; but it includes track discontinuities due to 
impedances connected either in series with the tracks or between 
track and ground. 

There are developed the properties of a basic circuit consisting of a 
parallel conductor of finite length, such as a trolley, connected at its 
terminals to the track which is continuous and infini te, The track 
currents and voltages to ground of this circuit are derived and 
collected conveniently into a single table. The self-impedance of 
this circuit and mutual impedances with other similar circuits are 
given. These impedances may be employed in representing the 
propulsion system in the railway network diagram. The basic 
circuit may be employed also in the construction of cumulative in¬ 
duction curves for neighboring communication lines. Track dis¬ 
continuities may be taken into account by superposition upon the 
basic circuit of properly chosen currents flowing only in track- 
earth circuits. (A.I.E.E. paper No. 32-92) 


A New High Speed 
Reactance Relay 

M 


By 

A. R. van C. Warrington 21 


lAINTENANCE of stability on modem interconnected 
high capacity transmission systems is made considerably easier by 
the use of relays which not only operate extremely rapidly on line 


faults, Especially three phase short circuits, but refrain from operat¬ 
ing on the surges of power which often follow the interruption of the 
fault current. In this paper a new distance relay is described which, 
it is stated, seems to go further in the direction of meeting these re¬ 
quirements than anything hitherto described. 

The new distance relay operates in the order of one cycle, even 
on low voltage, and employs reactance as a basis of distance measure¬ 
ment, thereby being free from errors due to the variable resistance^ 
the fault itself. The relay is operated by motor units of the dyna¬ 
mometer type and consequently produces many times the torque 
per unit of electrical input that could be obtained with the induction 
disk or plunger type of relay. 

The distance measurement is carried out by two reactance ohm- 
units, one set to operate on faults within a zone reaching nearly to 
the end of the protected line and the other given a higher setting 
reaching out well into the neighboring section for which back-up pro¬ 
tection is desirable. Faults are distinguished from surge and load 
conditions by a starting unit which is a very sensitive directional 
relay having a voltage-restraint which gives it an ohmic character¬ 
istic. The design employed for the starting unit provides advan¬ 
tages which can be summarized as follows: 

1. Maximum protection against undesirable operation during heavy surges of 
power between generating sources. 

2. Maximum response to fault currents, *. «., maximum directional sensitivity 
only present when required—at low voltage. This is accomplished without 
the use of contacts and without excessive burden at any potential, normal or 
below. 

3. Extremely rapid action obtained even at low voltages with sturdy relay 
parts and with normal travels and contact pressures. 

The ti min g unit consists of a clockwork mechanism controlled by 
an dfecapement and operated by means of a d-c. solenoid. The func¬ 
tion of the timing unit is to allow tripping of the circuit breaker up 
to a higher ohmic value and after a suitable time delay if the fault 
is not near enough to warrant instantaneous tripping; also, to trip 
after a maximum time interval in case of emergency. (A.I.E.E. 
paper No. 32-12) 


Operation of Relays From Carrier-Current 
Coupling Capacitors and Capaci¬ 
tance Transformer Bushings 


By 

J. E. Glem u 
R. E. Cordray 21 


Application of carrier current communication to 
transmission lines required the development of coupling capacitors. 
These coupling capacitors may be used also in combination with 
transformers to obtain potential from the transmission line. This 
potential will be suitable for the operation of certain instruments and 
relays, depending upon burden and accuracy requirements. By the 
addition of suitable chokes, the coupling capacitors may be used 
for carrier current co mmuni cation. It is the purpose of this paper to 
describe briefly these coupling capacitors, and to point out moans for 
utilizing them for the purpose of obtaining potential for relaying 
operation, and to call attention to some applications. 

The low voltampere capacity of these potential sources, when it is 
desired to maintain relatively small phase angle errors, renders thorn 
suitable only for supplying relay circuits of low burden. By the use 
of parallel capacitors, however, the burdens of other relays may be 
brought within the capacity of these potential sources. Ground 
directional current relays may be supplied from these sources in 
• certain«cases, depending upon the complexity of the relaying for the 
entire system and the ratio and phase angle errors which may be 
tolerated. In addition to coupling capacitors, within recent years 
capacitance transformer bushings have been developed which incor¬ 
porate a tap for obtaining voltage from the line through the capaci¬ 
tance of the bushings. In general, bushing potential devices are 
suitable sources for reactance relay potential on voltages of 132 kv. 
‘and up/and have been applied successfully at 115 kv. On lines of 
moderate length. (Pamphlet copies not available.) 

20. Union Electric Light & Power Company, St. Louis, Mo. 

21, General Electric Company, Philadelp hia, Pa 
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Application of 
High Speed Relays 


By 

G. W. Gerrell*® 


Relay Operation From 
Bushing Potential Devices 


By 

P. O. Langguth® 
V. B. Jones 8 


... . Construction of the Osage hydroelectric plant and 
TtJrr 16041 ? With ^ existing of the Union Electric 

o XI if° Wer ^ mpany of St Louis ' Mo./made desirable a study 
mistion linS ng ** ** &PPlied f0r 66 ' kv - and 182-kv. trans* 

°P erating experience definitely indi- 

breakers S f ed f elays and bigb speed oil circuit 

On the existing system it was possible in a number of 

speed operation 6 rebuilding them for high 

In the selection of relays for phase-to-phase and three-phase faults 

JlffiES 6 * 6 ? ^ d !f^ g parallel line operation balanced percentage 

r ! Iay i S °- f 11x6 blgh speed type would offer the simplest and 
most efficient solution. An analysis of the individual circuits, how- 
eva:, showed that the application of this type of relay was rather 

i^ctencp 3 . d !2 anC f f kys of ** im Pedance directional type or 
reactance directional type were required on some of the lines 

These two latter types also were used for protection against phase-to^ 
phase and three-phase faults on single lines. Time delay overcur¬ 
rent relays were used throughout for back-up protection 
For protection against line-to-ground faults, balanced ground cur- 

- , ^ ays wei J. mst ^ 1Ied m the majority of cases for parallel lines, 
instantaneous directional ground overcurrent relays being required 
n two cases for parallel lines. For protection agaiit line to-SS 
faults on single lines either time delay or instantaneous ground relays 
were used, most of them being of the directional type. Special 

StSSXS" detemining 016 CaUbrati<m ° f reactance and 

To date the performance of the high speed relays as applied to this 
25*2 hasbeei ; qUesti ° nab le- In favor of these relay? it may be 
,„ d tbat tbe r f lays and the associated high speed circuit breakers 
have cleared a large number of faults rapidly and correctly, while in 

Tiff dlS f n T s <f veral cases of operating trouble have occurred. 
These uuiicete that the present types of high speed directional relays 
probably are not applicable to certain types of systems. Further 
analysis indicates that there are fundamental defects in the design of 
certain types of high speed relays. Modifications of this particular 
type of relay, however, are being made. (A.I.E.E. paper No. 32-11) 


i, 4 .u ^-^I) EXPERIENCE over the last three years est&b- 
Iishes the condenser bushing potential device as a reliable and Tde- 
quate source of potential f&r the relaying of high voltef ^sterns 

2f JPW d r ce UtiHzes the inherea t Potentiometer 

° f standard condenser bushings used in high voltage circuit 
breakers and transformers, and depends for its operation on the 

condenser CU1Tent thr0Ugh *** bushkg actin S as an electrostatic 

Experience shows that potential devices applied within their 
tit? fuactioa Properly with ove?^enSStS 

&£*** r -t 1 f yS, . and dlstance relays, in various combinations 

accurate ^^pSf tepStn^ 

S satisfactory.^ ^ Potential L 

Although not so accurate as the potential transformer the ooten- 
tial device sometimes is more desirable as a source of relay potential 
The phase relation between the line voltage and the relay voltae-e 
can be easily varied to suit particular system conditions further- 
more, the potential device gives more effective protection’with less 

nlted C ff + P h 1C f n u an Z hen the potential transformers are con- 
■ the “ age bus - This being mherently a self-protect- 
f f y 106 ’ "o high voltage fuses and switches are required. The suc- 
ceMful operation on many large systems, including relaying indicates 

" y 2* WOrth + ° f b “ shing potential devices and the elimination 
of high voltage potential transformers. The low cost of fhi»cr. 

^ he eliminatio n of high voltage potential transformers 
justify the bushing potential device where usable. 

data including curves an <I oscillogranfc are given in 
this papa- to illustrate the functioning of directional and impedance 
relays when energized by potential devices, and typical installations 


The Boric 
Acid Fuse 


By 

A. P. Strom® 
H. L. Rawlins® 


. Recognition of the part played by gas blasts in 
interrupting arcs in oil circuit breakers and expulsion fuses has 
opened new avenues for improvements in these devices. The present 
paper deals with a new type of fuse in which greatly improved per- 
formance is obtained by more effective use of the self-generated gas 

In this fuse, a form of construction is used which permits the in¬ 
terruption of the smaller ranges of current within a device that is 
capable of interrupting also heavy short circuits up to 20,000 amperes 
or more. A special feature of this design is that the lower ranges of 
currmt are transferred automatically to, and interrupted in, a small 
auxiliary fuse bore. While the construction may be used to ad¬ 
vantage with any gas generating material, the present design em¬ 
bodies a compressed boric acid liner which has been found to be 
much more effective than fiber in extinguishing arcs 
Since boric acid evolves water vapor, a condensable gas, it becomes 
possible to construct a totally enclosed fuse in which the gas blast is 
discharged into a surface condenser. With such construction, cur- 
rente of from 5 to 20,000 amperes at 13,000 volts have been inter¬ 
rupted with an electrode separation of less than six inches; using a 
relatively small condenser. Currents of more than 20,000 amperes 
have been interrupted by similar fuses of the open type. This type 
of fuse readily may be designed for various current and voltage 
ratings. (A.I.E.E. paper No. 32-65} 
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Operating Experience With Supervisory 
Control on the Reading-Philadelphia 
Suburban Electrification J V E . P as w 

P, .. SUBSTATIONS and switching stations for the 

Reading suburban electrification are non-attended and are operated 
y supervisory control. The supervisory control system provides the 
dispatcher with the following operating features: 

°‘ *“ dre “ lt *» d ”°*“ trolley 

2. When an automatic operation occurs, an alarm bell is sounded orooer inrfl 

which unit iL P op«a?e? ***'“ ffive “ > a “ d a disagreement Ia “P dates' 

3. .An alarm is sounded and an indication is given if any substation 

taSK {2?” I""- v.l«.l indication w££*S 

battery voltage returns to normal. n c,le 

4. An alarm is sounded and an indication is given if the temperature of 
power transformer on the system reaches a predetermined high value- indication 
js given also when the temperature returns to a safe operating value.’ 

S.o“c^S“°” b “ lockout relay. ,r. .tectrlolly ^ by 

SupawfefflOt control was selected on the basis of flexibility, speed 
with which the system can be cleared up at the time of fault, freedom 
from error, concentration of operation at one point, elimination of 
divided responsibihty, and economy. Two men maintain the equip¬ 
ment which IS installed in 21 stations. There has been no trouble ex¬ 
perienced from induction, no faulty operations have been performed, 


22 . 

23. 


New York Edison Company, New York N Y 
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no faulty indications given, and not a single train delay has been TJ|g TofOIJCf 
caused by failure of the supervisory control equipment. Each 

benefit attributed to the equipment has been realized fully in opera- T I < 

tion, proving the adequacy of supervisory control for operating an Defence I eiemeigr 
• electrified railway. (A.I.E.E. paper No. 32-14) 


By 

A. J. Johnston 81 


Developments in Two-Wire 
Supervisory Systems 


By 

J. H. Oliver 81 


SPECIFICATIONS for a supervisory system have been 
modified only slightly during the last few years, and usually require 
the following: reliability, low maintenance, high speed, simplicity, 
flexibility, minimu m connecting wires, and good appearance. The 
requirement of minimum interconnecting wires especially is impor¬ 
tant when the control is to be extended any distance. 

A general summary of supervisory control schemes using a mini¬ 
mum of connecting wires is as follows: 

1. The four-wire synchronous selector system in use for several years is recom¬ 
mended for the control and indication of both large and small stations where four 
wires are available or can be procured at small expense. 

2. The audible selector system is recommended for the control and indication 
of small switching, pumping, or hydroelectric stations where operation is infre¬ 
quent and only one pair of open construction wires is available. 

3. The t;wo-wire code selector system is recommended for the control and indi¬ 

cation of stations having 23 circuits or less where line wires are economically 
limited to a single pair. r 

4. The two-wire synchronous selector system is recommended for the control 
and indication of small or large stations where the distance between the statipns 
is not over fifteen miles and where only two wires are available or where The 
additional cost (where the wires are rented) prohibits the use of the four-wire 
synchronous system. 

5. The code synchronous system is recommended for control and indication 
where several stations are located in the same general direction and it is desired 
to operate the stations over a common set of wires. 

6. The audible indication equipment is recommended for small switching sta¬ 
tions, pumping stations, etc., where it is desired to obtain a periodic check only 
on the indication of a maximum of eleven circuit conditions over the telephone 

company system from any telephone station. (A.I.E.E. paper No. 32-13) 


Report on Telemetering Supervisory Control 
and Associated Communication Circuits 


SUBCOMMITTEE of two committees of the Insti¬ 
tute, namely, the committee on automatic stations, D. W. Taylor 28 
chairman, and the committee on instruments and measurements, E. 
J. Kutan, - chairman, has prepared a report which tabulates and 

i^ b + eS '- fr0m f e poin * of view of the operating engineer or user, 
te ™ lete ^ n f “d supervisory control systems in use today, 
wf TiT 6 tebd attoninthetdemetermgand supervisory control section 
o the report enables the prospective user who has a certain require¬ 
ment in mind, for example, the telemetering of a-c. kilowatts, to 
(Jetermine immediately the systems available for that purpose. All 

m gen f ral P se tabulated with their characteristics 

such as accuracy and speed of indication, enabling the engineer 

^.? ystem ° r a few systems particularly adapted for indi- 

k® 8 indude d with it data supply- 
thp ™ ^^ftenstics of the communication circuits suitable for 
purpose; for example, the liser may determine if the scheme he 

cSit '^ * ith a S™* loop resistance ^th a metallic 

a ^ cannot be used with a grounded or non-metallic circuit 
Adescnptionof the communication circuit is given covering S 
problems as the use of one circuit for more than one purpose (tele 
•Sfgy « d *2*^ for example) and data on S,Sg, c^ss-' 
£5? v’ + —' 316 given * WP* much Of the information ispot 
ti^^S iff 0n ^d correlating of the data with the cooSSffi 
and much work has been done by the subcom 
hflttee in preparing the data on this phase of the subject 


By MEANS of the torque balance telemeter it is now 
possible to indicate or record with instrument speed and accuracy, 
the value of such quantities as watts, amperes, volts, temperature, 
pressure, and flow. These indications may be made up to distances 
of 100 miles. The value of direct current which is used as the trans¬ 
lating mfeans is well withm the limit stipulated by the telephone com¬ 
panies. Also, the telemeter automatically compensates for variation 
in line wire resistance, auxiliary supply power voltage, and variations 
in tube characteristics. 

The device consists fundamentally of an instrument mirror located 
on an operating element and deflecting light from a lamp source 
through suitable lenses and mirrors onto two photoelectric tubes of 
the gas-filled type. The latter tubes are connected to the grid 
potential of a pliotron tube which supplies the current to be trans¬ 
mitted to the receiving end of the telemetering system. 

The receiver may be any form of indicating or recording d-c. 
miUiammeter. If desired, two or more receivers may be operated in 
series by one transmitter. Likewise, when it is desired to totalize the 
values of two or more quantities, the transmitters may be connected 
in parallel to a single receiver. (A.I.E.E. paper No. 32-88) 


Application and Performance of Automatic 
Equipment on the American Phu ip s porn 24 
Gas and Electric System fuute?* 

Descriptions of the great variety of applications of 
automatic equipment throughout the system of the American Gas 
and Electric Company are contained in this paper. Reasons for the 
mstallations are given, and operating experiences are presented. 

The history of The development in operation of automatic station 
equipment on this system leads to the following conclusions: 

J' flexibility and adaptability of the automatic station when properly 

pplted can contribute greatly to improvement of service. 

LtT^rJ) ability * 0f aut °“ atic ec * ui P ment is at least as good as that of the very 

t0r ' m B r er . al is better than that the average operator, 
provided the equipment is maintained reasonably. 

at alTiMlated™n*d C lone^kK»tk>nsf ea * ^ ° pcratln K probleras 

do »a°t Seduced cost Ut0,DatiC Stati<mS ” 0t °“ ly improvc 8Crvice but w!U 

s 5 vst e A S°Zt ti< ; o P c ra o CtiSe i S a0t oa 'y adaptable to its usual functions on power 
! pread successfull y to such functions as coal handling, coal 
and frequency control.. No doubt additional functions will be 
taken over by automatic equipment. (A.I.E.E. paper No. 32-89) 


Vibration and Fatigue 
in Electrical Conductors 


By 

A. E. Davisori 88 
J. A. Ingles 88 
V. M, Martinoff 28 


JVlBRATION in electrical conductors is discussed in this 
paper. Stress is placed upon the necessity for the development of 
some new types of conductor which will, because of their shape or 
some inherent quality, resist more successfully than standard sections, 
the tendency to vibrate and the tendency to fail because of resulting 
tatigue. A number of appliances have been put forward from time 

11 G “ & Ele ?dc Company, New York, N. Y. 

ov Yi^*- Engineer 8 and Constructors, Inc., Newark, N. T. 

C °“ pany of America . Massena, N. Y. 

28. Hydro-Electric Power Commissidn of Ontario, Toronto, Canada. 
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to time which tend to reduce the amount of vibration ordinarily 
observed m a span. They are usually called dampers. However, 
there has been very little work done in the study of preventives. 

The research described m this paper covers the placing of various 
cables with special section in flowing water and calibrating the result¬ 
ing vibrations. Some types of stranded conductor show a material 
reduction in the tendency to vibrate. Among those showing the 
greatest reduction are the twisted triangle, the twisted square, and 
three-strand wire. Experiments in water show from 50 to 90 per 
cent reduction in the amplitude of vibration, other things being as 
near equal as possible. * * 

The experiments reported are considered only as directional, al¬ 
though a few practical conductor shapes approximating the twisted 
triangle haw been developed and are now being tested in air. The 
practical difficulties which will be encountered in the use of conduc¬ 
tors of this general type are discussed. (A.I.E.E. paper No. 32-69) 


Transmission Line 
Vibration Due to Sleet 


By 

J. P. DenHartog 8 


PHENOMENA of vibration in transmission lines due to 
the action of a transverse wind are encountered most frequently at 
moderate wind velocities (about 5 miles per hr.) and are characterized 
by rather lugh frequencies (5 to 15 cycles per sec.) and small ampli- 
(apt ° a ^ cable diameters). This type of vibration is caused 

by the K&rm&n vortices forming behind the wire and is well under- 

stood. 

Another type of disturbance has been observed, which seems to 
occur with sharp winds of above 20 miles per hr. with great ampli¬ 
tudes (20 ft.), slow frequencies (1 cycle per sec. or slower), and mostly 
associated with sleet formation on the conductors. This phenomenon 
has been nghtly described as caused by the change in shape of the 
conductor due to the ice coating and by the consequent change in 
aerodynamic lift. 

It is the object of this paper to give an explanation of the effect and 
to show how the stability in this respect of a transmission line can be 
calculated from the results of an aerodynamic test where both the 
drag (wind force in the direction of the wind) and the lift (wind force 
perpendicular to wind direction) are determined for various angles of 
attack. The conclusions reached may be summarized as follows: 

3 he i 1 ° W J Vib ~ tlonS of , ice ' coated transmission lines in a heavy wind can be 
explained as due to a certain aerodynamic instability. 

i3 e , n f ir ! 13 : different from < aad no connection with, the 
apid v,bra tions observed in fair weather at moderate wind Velocities. 

? i f. sho ]? n that instability occurs when the slope of the “lift curve" is 
greater than the amplitude of the “drag curve. 0 

t‘r f °H? W ® fr0m * he i heoi 7 that a change in the span length or in the tension 
of the cable does not affect the phenomenon. 

fL T h ! behavior of a toy called the "aerial toubillion" is shown to afford a 
simple test by which the stabihty of various ice-coated sections can be deter¬ 
mined. (A.I.E.E. paper No. 32-91) • 


applied in the various tests was lower than that obtained the second 

time and usually both were less than the theoretical or commonly 
assumed values. 

In composite cables such as ACSR which are composed of alumi¬ 
num and steel wires, additional phenomena occur which are not 
found in tests of cable composed of a single material. These are * 
caused essentially by the difference in extension at the elastic limit 
of the aluminum and steel. The different distribution of the two 
materials toerefore results before and after initial loading. 

t was found also that the actual increase in modulus resul ting 

it ap P" catlon of stress depends upon the magnitude of the stress 
applied, the amount of increase becoming proportionately less as the 

0f str f s w f ^eased. Repeated application of the same 
stress caused no further increase after the first application. The 
initial modulus was affected slightly by the diameter of the coil into 
which the cable had been wrapped for handling. The actual 
modulus of a cable depended upon the length of lay of the component 
ynres, the longer toe lay the more nearly the modulus approached 
ATGi? f a S1 ” gle y ire ; tbe design of a composite cable such as 
, eratl0n ls 8X90110 this effect by stranding the steel ore 
with toe longest practical lay and the aluminum wires with the 
shortest possible lay, the result then being that the core carries a 
maximum share, and the aluminum a minimum share, of the total 
stress m the cable. 

Lines have been designed in which, during erection, the conductors 
were stressed at a certain high load for several minutes, thus giving 
toe cable its permanent modulus and set. The feasibility of doing 
this work at the mill was investigated but found impractical because 
subsequent handling of the cable resulted in the loss of much of the 
effect produced. (A.I.E.E. paper No. 32-68) 


Vibration of 


Stress-Strain Studies of 
Transmission Line Conductors 


By 

G. W. Stick! ey 27 


’ Results of tensile stress-strain tests illustrating 

the actual behavior of various conductors used in bare overhead 
transmission lines, and toe effect upon this behavior of certain 
factors such as repeated stressing and lay of the cable, are presented 
in this paper. 

Tests show that stress in transmission line conductors is not pro¬ 
portional to strain throughout the range of stress to which the cable 
may be subjected, and which in some cases is as high as from 50 to 
70 per cent of the ultimate strength. Also, the modulus of a cable 
cannot correctly be assumed the same as that of a single wire or rod 
because toe actual modulus of ehutfipity the first time that stress was 
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Overhead Transmission Lines 

. Studies of vibration of overhead conductors have 

been prosecuted vigorously for several years in laboratory and fields 
The importance of magnitude and distribution of stresses in multiple- 
strand conductors led to the development of a unique method for 
measuring stresses in vibrating conductors in the laboratory under 
conditions closely simulating field conditions, .and numerous schemes 
for effecting better stress distribution at conductor supports have 
been investigated. These tests have been facilitated by the de¬ 
velopment of special machinery. Field work has been conducted on 
special outdoor spans, and observations have been made also upon 
operating lines at widely separated locations. 

foUowffig*^ 6 feSUlts have been secured in these studies are the 

fo 5 mul . as L “Passing relationship between frequency, loop 
length, tension, and weight agree well with field observations. The Relf and 
Ower formula for frequency is substantially correct as indicated by tests em¬ 
bracing various cable sizes and wind velocities. 

L ± ny , SUSP A nded Cable ’ when con ditions are favorable, will vibrate as shown 
* dS ° f fr . eq e uen . c y and amplitude for aluminum, copper, steel, and cora- 
k yP f S ' , A fe “» ble reduction in tension will not prevent vibration and 
would be of value chiefly in decreasing the direct stress. 

3. A properly designed damper will reduce the amplitude of vibration to an 

from^L WlU - Ch / Car - ely i? ^ A f0rmula Bate states that Input of 1 energy 

d ' reCt1 ?, M a ®PHtude; therefore, an effective damper^ 

required to absorb only a small amount of energy. P . 

?' ® ffl “ ena ? r of various types of dampers has been determined by compari- 
°* v,bratlon °[ damped and undamped spans. The Stocfcbridge dam per 
5 av ^hetter results than any other type investigated, is simple in design and 
n ° “i oving parts > and is to install even on hot lines? To 
* w,k * a “- *“• *• ><— 

fhof B ^“ to i“ t L 0n . eCCent I ic cable shapes and oabIes of different stranding show 
riiat a rough extenor surface reduces amplitude but do not indicate that a 
Vibrationless cable can be evolved. , zaat a 

?• Variation in vertical load at a suspension camp has been measured but was 

found to be relatively smallin magnitude. f ' °r * was 

j rodsare primaril y reinforcement, although they reduce the amplitude 

of vibration approximately from 10 to 20 per cent. p e 

?• practical protection against damage from vibration of conductors 

w afforde d by proper use of armor rods or dampers. (A.I.E.E. paper No. 32-90) 

29. Aluminum Company of America, Pittsburgh, Pa. 
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News 

Of Institute anJ Related Activiti 


Summer Convention 
Program Extended 


■ INAL arrangements for the 48th an¬ 
nual summer convention of the Institute to 
be held at Cleveland, Ohio, June 20-24, 
1932, now have hsen made by the Cleveland 
national convention committee. Advance 
notices have been mailed by this committee, 
which requests that all interested parties 
send in the return cards supplied. These 
include the advance registration card, one 
for hotel registration, and another for sports. 
As previously announced, there will be no 
registration fee for the main convention 
program. 

In connection with the entertainment 
features of the convention, there will be a 
charge of $5 per person, payable upon regis¬ 
tration, covering all entertainment features 
except greens fees. The special feature on 
Thursday, June 23, at Nela Park, and in¬ 
cluding various field events, dinner, and 
dancing, is covered by this fee. This fea¬ 
ture extends through the afternoon and 
evening of one day, replacing the usual 
formal banquet. 

Technical Sessions 

In addition to the technical papers as 
given in the announcement for the summer 
convention in Electrical Engineering for 


May 1932, p. 346-8, the following papers 
have been added: 

Characteristics op Surge Generators in 
Relation to Their Application to the 
Surge Testing op Transformers, P. L. 
Bellaschi, Westinghouse Electric & Mfg. Co. 

Current Propagation in Electric Rail¬ 
way Propulsion Systems, John Riordan, 
American Telephone f & Telegraph Co. 

Report on Telemetering, Supervisory 
Control and Associated Communication 
Circuits, subcommittee of committee on 
automatic stations, D. W. Taylor, chairman, 
and committee on instruments and measure¬ 
ments, E. J. Rutan, chairman. 

The paper by P. L. Bellaschi has been 
added to the Wednesday morning session 
on electrical machinery; the paper by John 
Riordan, to the Thursday morning session 
on selected subjects and technical committee 
reports; and the report on telemetering and 
supervisory control, to the Friday morning 
session on automatic stations. 

One feature of interest in connection with 
the technical program is that all technical 
sessions are to be held in the morning, leav¬ 
ing all afternoons free for inspection trips 
and the various entertainment features. 


Ashtabula Plant to Be Visited During Convention 



Mtute atClevd^^OM^m? 2 ^ P l 9 ^ s g l d JS? e t J^” convention of the 
generating plant of the Cleveland Electric mumW«n?V° ' thc Ashtabula steam-electric 
room of which is illustrated above. T^e ^ ^ine-generator 

was placed in service late in 1930 imd Eh Ww tbe first of which 

are 1,800-r.p.m. machines generating a?l3 2kv “ **'**-' of *»!. These 


Plans Progressing for 
Pacific Coast Convention 

Vancouver, British Columbia, 

5 scene of this year’s Pacific Coast convention 
of the Institute, August 30 to September 2, 
1932, has a natural setting difficult to de- 
r scribe adequately. Situated in country 
! striking for its strong contrasts in scenery, 

, it has as well a remarkably temperate cli¬ 
mate and excellent facilities for practically 
every kind of sport and recreation. 

In addition to the fine recreational pro¬ 
gram which the convention committee is 
preparing, the technical program now prac¬ 
tically is completed. Feature topics sched¬ 
uled for the meeting are: 

1. Power generation. 

2. Communication. 

3. Transportation. 

Power generation includes papers on the 
British Columbia Electric Power System 
and tile Rock Island development on the 
Columbia River of the Puget Sound Power 
Company.^ An interesting discussion on 
segregation of hydroelectric power costs 
also is expected. Short-wave radio trans¬ 
mission wifi be dealt with, and radio finks 
in the British Columbia Telephone Com¬ 
pany s system will be described. Railway 
electrification will be taken up in two 
papers presenting different angles of the 
subject. Other topics include corona loss 
investigations up to 600-kv., zero error cur¬ 
rent transformers, factory assemblies for 
substations, metering of symmetrical com¬ 
ponents, triple harmonic residual effects 
in transmission systems, and other equally 
interesting subjects. 

With regard to hotel accommodation, 
very reasonable rates have been arranged as 
follows with the Hotel Vancouver, conven¬ 
tion headquarters: 

Double bedroom with bath.. $6.00 

Single bedroom with bath.. 4 0 0 

Double bedroom without bath....... 6.00 

Single bedroom without bath........ 3 00 

Hotel officials are cooperating with the com¬ 
mittee and in addition to reserving a num¬ 
ber of rooms for the convenience of Institute 
members, arrangements have been made to 
insure the comfort of all visitors. 

No special travel rates have been ar¬ 
ranged, smee at the time of the convention 
the summer rates will be in force. Con¬ 
sideration should be given also to the fact 
that a holiday spent in British Columbia 
mil be cheaper this year than usual, owing 

to the present rate of exchange. 
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Directors Meet at 
National Headquarters 


The regular meeting of the board of 
J. rec *? rS i ° f th e American Institute of 
Electrical Engineers was held at Institute 
headquarters, New York, May 20,1932 
Present were: President— C. E. Skinn er 
East Pittsburgh, Pa.; Past-President- 
W S. Lee, Charlotte, N. C.; Vice-Presi¬ 
dents— R. p. Charlesworth, New York, 

w ^* E ' Freeman * Lexington, Ky.; 

Kouwenhoven, Baltimore, Md.; 

I. E. Moultrop, Boston, Mass.; P H Pat¬ 
ton, Omaha, Neb.; G. C. Shaad, Lawrence, 
Kans.; Directors —L. W. Chubb, East Pitts- 
burgh, Pa.; A. B. Cooper, Toronto, Ont; 

J. Allen Johnson, Buffalo, N. Y.; A E 
Knowlton, New York, N. Y.; A M 
MacCutcheon, Cleveland, Ohio; F.' W 
* eek ’J r r ' ^tsfield. Mass.; C. E. Stephens! 
New York, N. Y.; R. H. Tapscott, New 
York, N. Y.; H. R. Woodrow, New York, 
N. Y.; National treasurer —W. I. Slichter 

- New York, N. Y.; Assistant national 
secretary H. H. Henline, New York, N. Y. 

Minutes of the meeting of January 27 
1932, were approved. ’ 

Resolutions formulated by the executive 
committee in March, in memory of Past- 
President Harold B. Smith and National 
Secretary F. L. Hutchinson, were adopted 
as resolutions of the board. Tributes to 
Mr. Hutchinson from Sections and in¬ 
dividuals were read. 

Minutes of the meeting of the executive 
committee held March 9, 1932, were pre¬ 
sented, and the actions taken at that meet¬ 
ing were ratified. The following actions 
of the executive committee on applications 
also were ratified: 1 applicant was elected 
to the grade of Fellow and 8 applicants 
to the grade of Member; 4 were trans¬ 
ferred to the grade of Member; 233 were 
elected to the grade of Associate; 91 , 

Students were enrolled. 

Reports of the April 13 and May 18 meet¬ 
ings .of the board of examiners were pre- \ 
sented and the actions taken at those i 
meetings were approved. Upon the recom¬ 
mendation of the board of examiners, 

6 applicants were elected to the grade of 
Member and 13 were transferred to the 
grade of Member; 163 Associates were I 
elected; 148 Students were enrolled. ■ 

The assistant national secretary re¬ 
ported 2,338 members in arrears for dues 
for the year ended April 30, 1932, and was 
directed to remove the names from the d 

mailing list after the distribution of the E 

June and July issues of Electrical En- h 
ginebring, and to employ the usual rneth- ft 
ods of collecting the dues and restoring bi 
the members to the active membership list. Ii 
He also reported that on April 30, 1932, cs 
1,018 members (6 Fellows, 85 Members, tr 
mid 927 Associates) were dropped from the th 
membership list, for non-payment of dues 
for the fiscal year which ended April 30,1931. m 
The board of directors ratified the action In 
of the finance committee in approving, for wi 
payment, monthly bills amounting to nn 
$22,214.12. lis] 

Upon the recommendation of the stand- to 
ards committee, approval was given, as chi 
sponsor, of three reports on symbols de- (1£ 
veloped by the A.S.A. sectional committee Stt 
on scientific and engineering symbols and Ca 


abbreviations, as Mows: "Graphical Svm- 
bob Usd m Radio,” “Graphical Symbols 
Used for Electric Power and Wiring ” 

f Symb0lS Used for Elec *ric 

J T ^? tl ° n Includm g Railway Signaling.” 

» ; Tv e / epo ^ t of ttie committee on award of 

- institute prizes covering the awards ftiade 
for the year 1931 was presented, as pub- 

- hshed elsewhere in this issue. 

The annual report of the board of direc¬ 
tors for the fiscal year esaded ApriJ 30, 1932 
I “ prepared under the direction of the assis¬ 

tant national secretary, was considered and 
approved for presentation at the Annual 
Meeting of the ^stitute, Cleveland, June 20 . 

The national treasurer presented a report 
covering the fiscal year just closed. Annual 
reports were received, from the general 
standing committees (exclusive of the tech¬ 
nical committees* reports, which will 
e presented at the summer convention in 
June and are published elsewhere in this 
issue). Abstracts of these reports were 
incorporated in the annual report of the 
board of directors. 

The board by unanimous action ap¬ 
pointed H. H. Henline as acting national 

TuST 7 ° f the Institute * beginning June 

Representatives were appointed as fol- 
™ ! Bancroft; Gherardi to the John Fritz 
Medal Board of Award, succeeding the 
-late Prof. Harold B. Smith, and H. H. 
Henline to the Assembly of American En¬ 
gineering Council, as successor to F L 
Hutchinson. 

Announcement was made of the appoint¬ 
ment of Institute representatives upon a 
joint committee of the United Engineering 
Trustees, Inc., and the national societies of 
civil, mining and metallurgical, mechanical, 
and electrical engineers to consider the 
subject of coordination of the various en¬ 
gineering organizations. 

It was voted to hold the June meeting ; 
of the board of directors in Cleveland, on < 
Wednesday, June 22. ( 

Other matters were discussed, reference i 
to which may be found in this and other < 
issues of Electrical Engineering. ( 
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H. H. Henline Appointed 
Acting National Secretary 

..By unanimous action of the board of 
directors of the American Institute of 
Electrical Engineers at its regular meeting 
held May 20, 1932, Henry Harrison Hen-' 
line, since 1927 assistant'national secretary, 
became acting national secretary of the 
Institute, effective June 1. In his new 
capacity, Mr. Henline takes over the execu¬ 
tive duties for twenty years performed by 
the late F. 1^. Hutchinson. 

For many years Mr. Henline has been 
interested in and actively associated with 
Institute work and, prior to his affiliation 
with the national headquarters staff, he 
made numerous contributions to its pub¬ 
lished technical works. He was elected 
to membership in 1919, and has served as 
chairman of the San Francisco Section 
(1922-23); faculty counselor for the 
Stujleht Branch at Stanford University. 
Calif., (1926); chairman of the Committee 


on Student Activities for th# Pacific Dis¬ 
trict—California, Arizona, Nevada—(1926) ■ 

^n d of 9 a 7 f lei S ber °. f * h . e Actions committee 
i 10 f££7). Since joining the staff January 
1. 1927, Mr. Henline has served as the 
Institute’s representative on the American 
Year Book Advisory Board (1927-32)- 
the American Standards Association (alter¬ 
nate representative 1929-32); Joint Com¬ 
mittee on State Engineering Councils (1932- 
33); and has served on the Institute’s Edu¬ 
cation committee (1929-32). He now be¬ 
comes a representative of the Institute on 
the Assembly of the American Engineering 
Council. While he has been on the head¬ 
quarters staff, Mr. Henline has participated 
m many phases of the Institute’s work, but 
has devoted his principal attention to the 
work of its 60 Sections and 109 Branches. 

Mr. Henline was born at Colfax, Ill. 
March 12, 1889, and after attending local 
grammar and high schools entered the 
University of Illinois in 1910, graduating 
in 1914 with the degree of Bachelor of Sci¬ 
ence in Electrical Engineering. After serv¬ 
ing for a year as instructor in science and 
mathematics in the Oktaka, Okla., high 
school and as director of athletics for the 
Oktaka public schools, he entered the 
Chicago Central Station Institute of the 
Commonwealth Edison Company, graduat¬ 
es.* 11 1916 and entering the commercial 
engineering department of the Illinois 
Maintenance Company of Chicago. 

Joining the faculty of Stanford University 

in 1917 as an instructor, Mr. Henline later 
was promoted to assistant professor (1920) 
and to associate professor (1924) in the 
department of electrical engineering. In 
his work of instruction Mr. Henline gave 
at various times many courses in electrical 
engineering subjects, and was in charge of 
the machinery laboratory for five years and 
in charge of communication engineering for 
three years. He also was associated with 
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Dr. Harris J. Ryan in some of the high- 
voltage research that has made Stanford 
famous. He is author of a paper on en¬ 
gineering education, a paper on a standard- 
frequency radio station, and joint author 
of three papers on subjects relating to high- 
voltage electric power transmission. 


Aside from the affiliations already giv&n, 
Mr. Henline's organization memberships 
include the Society for the Promotion of 
Engineering Education, Institute of Radio 
Engineers {Member), American Association 
for the Advancement of Science {Fellow), 
Eta Kappa Nu, and Sigmi Xi. 


North Eastern District Holds 

Eighth Annual Meeting at Providence 


In CONNECTION with its eighth annual 
meeting held May 4-7 at the Providence 
(R. I.) Biltmore Hotel, the North Eastern 
District, ^originator in 1924 of the District 
meeting idea, successfully conducted an¬ 
other possibly significant experiment in 
connection with the conduct of such meet¬ 
ings. Largely as an economy measure, but 
partly also in 4he interest of promoting 
better technical sessions, the District com¬ 
mittee dispensed with the traditional ad¬ 
vance pamphlet copies of the technical 
papers presented. As for economy, a sub¬ 
stantial reduction was achieved in the cost 
of the meeting to the Institute; as for the 
effect on technical sessions, they were obvi¬ 
ously improved by the more carefully pre¬ 
pared presentations of the various authors. 

Accepting frankly the necessity for econ¬ 
omy, the District meeting committee 
sought diligently for ways and means of 
achieving the desired reduction in meet ing 
expense that would interfere the least with 
a successful meeting program, and at the 
same time best serve the average member 
of the Institute. The committee considered 
many possibilities, including a reduction in 
the number of meeting sessions and a reduc¬ 
tion in the number of papers presented per 
session, but finally decided that the best 
interests of all concerned would be. served 
most effectively by dispensing instead with 
the traditional publication of pamphlet 
copies for advance distribution and for cir¬ 
culation at the meeting. Also supporting 
this decision was the fact that the substance 
of the more important papers of general 
interest would be circulated throughout-the 
membership in current issues of Electrical 
Engineering (in addition to advance pub¬ 
lication therein of comprehensive abstracts 
of all papem), and that the full text and re¬ 
lated discussion of all papers so recom¬ 
mended by the technical program commit¬ 
tee would be scheduled as usual for indusion 
in the September issue of the Transactions. 

Further influencing the North: Eastern 
District meeting committee’s decision to 
experiment with the Providence meeting 
was a strong and growing belief held by a 
good many active Institute members that 
the traditional habit of having convention 
sessions depend primarily upon the presence 
of pamphlet copies distributed throughout 
the audience is seriously injuring the quality 
and general interest value of the sessions. 
Knowing that the audience facing them 
dtfaer is reading or has read the disserta¬ 
tion about to be presented has caused most 
authors to give exceedingly sketchy and 
fortunately uninteresting oral rtsum&s 
of their papers. This situation was notably 
Absent at the Providence meeting where 


nearly every author made an interesting 
and understandable presentation of his 
subject. Many, speaking upon the more 
complicated subjects, simplified and en¬ 
livened their presentation by strategic use 
of lantern slides reproducing dia gram g| tabu¬ 
lations, and other illustrations throught- 
fully coordinated with their oral presenta¬ 
tions. 

As for the effect upon tiiose attending the 
sessions, the Providence experiment pro¬ 
duced reactions ranging all the way from 
one extreme to the other, as might be ex¬ 
pected. Some few were notably antagonis¬ 
tic to the idea, while a few were equally 
ardently and unqualifiedly in favor of its 
wide adoption. Perhaps the principal 
significance of the experiment lies in the 
facts that discussion was active, pertinent, 
and interesting; and that the expressed 
opinion of many persons attending the vari¬ 
ous sessions was preponderantly to the 
effect that the sessions were notably im¬ 
proved. While there was no official expres¬ 
sion of opinion in connection with the ex¬ 
periment, the opinion was vigorously ex¬ 
pressed to the effect that the full pos¬ 
sibility of benefits should be plumbed by 
a further prosecution of the experiment in 
connection with other meetings. 

Technical Sessions 

The four general technical sessions em¬ 
braced papers as announced in the April 
issue of Electrical Engineering: vari¬ 
ous electrophysical subjects, presided over 
by Dr. Vannevar Bush; induction and 
synchronous motor problems, presided over 
by P. L. Alger; a symposium on traffic 
control, guided by Prof. H. M. Turner 
(Yale); and a discussion of the theory in¬ 
volved in electric power transmission, with 
P. H. Chase presiding. In addition, one 
entire technical session was given over to the 
District student convention, with H. L. 
Wood, senior student from the university 
of New Hampshire, presiding. Papers pre¬ 
sented by students were: 

1. The Thyratron Tube for Field Excitation of 

Electric Generators and Motors, George Andrews, 
Rhode Island State College. * 

2. Communication at Five Meters, E. M. Dukat 
and A V. Nelson, Yale University. 

3. Design and Construction of a Television Re¬ 
ceiver, D, W. Mack, University of New Hampshire. 

4. Development of a Practical Television Receiver, 

W. S. Bachman and E. M. Wolf, Cornell University. 

5. Electrical Characteristics of a High Voltage •, 

Testing Transformer, Messrs. Reiter, Jessel, and 
Quan, Harvard University. • 

6. Electricity in Modem Medicine, E. W. Schafer, 
Massachusetts Institute of Technology. 


, Sharing honors with the general-interest 
s session devoted to traffic control, the student 
f session enjoyed an attendance in excess of 
) 100, about twice the attendance at the more 

i technical sessions.^ William S. Lee, past- 
, president of the Institute, was the feature 
speaker at the student session. The dual 
theme of his address was directed toward 
urging student engineers to give attention 
to economic and sociological subjects in 
addition to their technical studies, and to 
encourage them to face the present economic 
upheaval with the realization that valuable 
and important opportunities await the ag¬ 
gressive individual and organization. 

At the close of the student session the 
judges reported prize winning papers as 
follows: 

First, D. W. Mack, University of New Hampshire; 

Second, E. M. Dukat and A. V. Nelson, Yale Uni¬ 
versity; 

Third, E. W. Schafer, Massachusetts Institute of 
Technology. 

Entertainment 

Entertainment features and inspection 
trips were well planned and executed for 
bolh men and women. In addition to local 
points of historic interest, many enjoyed 
the trips through the plants of the Gorham 
Manufacturing Company, and the U. S. 
Rubber Company, and to the properties of 
the Narragansett Electric Company and the 
United Electric Railway's Company. 
Women guests enjoyed a luncheon at the 
Wannamoisett Country Club, and several 
small parties took the opportunity to motor 
to Newport and other nearby points of in¬ 
terest. By courtesy of the Wannamoisett 
Country Club, members and guests attend¬ 
ing the meeting enjoyed golfing privileges. 

At an informal bridge party held Wednes¬ 
day evening. President Skinner rather un¬ 
expectedly found himself in the rdle of a 
travel lecturer. Extemporaneously he took 
his highly attentive audience on a most in¬ 
teresting movie-monologue trip along the 
route that he recently had followed through 
Mexico and into Yucatan. The social cli¬ 
max of the District meeting came Thursday 
evening with the annual banquet and dance. 
There again Past-President William S. 
Lee delivered one of his inimitable dis¬ 
courses on matters non-technical, including 
poetry. 

The Providence District meeting was 
handled under the very active generalship of 
District Vice-President I. E. Moultrop of 
Boston, who served as chairman of the Dis¬ 
trict meeting co mmit tee. With Mr. Moul¬ 
trop on that committee were A. C. Stevens, 
Schenectady, District secretary-treasurer; 

C. W. Henderson, chairman of the Syracuse 
Section; O. W. Briden, secretary of the 
Providence Section; R. W. Graham, chair¬ 
man of the Niagara-Frontier Section; W. S. 
Maddocks, chairman of the Providence 
Section; J. P. McCann,, chairman Worcester 
Section; R. G. Warner, chairman Connecti¬ 
cut Section; and F. C. Young, chairman 
Rochester Section. 

Under the active, driving leadership of 
Vice-President Moultrop and Chairman 
Maddocks of the local committee, the vari¬ 
ous Providence sessions were conducted rig¬ 
idly on the time schedule given in the pro¬ 
gram. When discussion lagged below a 
satisfactory minimum: it .frequently was. 
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stimulated and when it began to exceed the 
bounds of the program schedule it was 
promptly called to a halt. Punctuality was 
the keynote of many of Vice-President 
Moultrop’s several and pertinent comments 
and it paid its dividend'in the conduct of 
the sessions. 

As chairman of the local committee, Wil¬ 
liam S. Maddocks carried the major load 
of work in connection with the Providence 
meeting. Associated with Mr. Maddocks 
on that committee were O. W. Briden, in 
charge of hotels and registration; R. W. 
Herrick, in charge of entertainment fea¬ 
tures; Mrs. R. W. Herrick, in charge of 
women’s entertainment; J. W. Keeney, in 
charge of finance; L. P. Kenneally, in 
charge of publicity; J. C. B. Washburn, in 
charge of inspection trips. 

In spite of the highly specialized charac¬ 
ter of several of the sessions, a total of 252 
persons attended the meeting according to 
the official registration (registration fee $1; 
50 cents for students). These were grouped 
as follows: 

Members.. 

Registered guests. . q-j 

Women. " 

Students. . 60 

Student guests. 5 

TotaI .. 


1932 Lamme Medal 
Nominations Due Nov. 1 

S ' 

PECIAL attention is directed to the fact 
that the names of Institute members who 
are considered eligible for the Lamme 
Medal, to be awarded in the fall of 1932 
may be submitted by any member in ac¬ 
cordance with Section 1 of Article VI of 
the By-laws of the Lamme Medal com¬ 
mittee, as quoted in the following: 

The committee shall cause to be published in one 
or more issues of Elbctricai, Engineering, or of 
its successors, each year, preferably Including the 
June issue, a statement regarding the “Lamme 
Medal and an invitation for any member to pre¬ 
sent to the national secretary of the Institute by 
November 1 , the name of a member as a nominee 
for the medal, accompanied by a statement of his 
meritorious achievement” and the names of at 

^l hree .* ng,neers of standing who are familiar 
with the achievement. 

Each nomination should give concisely 
the specific grounds upon which the award 
is proposed, and also a complete detailed 
statement of the achievements of the nomi¬ 
nee, to enable the committee to determine 
its significance as compared with the 
achievements of other nominees. If the 
work of the nominee has been of a some¬ 
what general character in cooperation with 
others, specific information should be given 
regarding his individual contributions. 
Names of endorsers should be given as 
specified above. 

The Lamme Medal, founded as a result 
of a bequest of the late Benjamin Garver 
Lamme, chief engineer of the Westinghouse 
Electric and Manufacturing Company 
(deceased July 8, 1924), provides for the 
annual award by the Institute of a gold 
medal—together with bronze replica there¬ 
of—to a member of the A.I.E.E. “who has 
shown meritorious achievement* in tlle 


development of electrical apparatus or 
machinery”; and for the award of two 
such medals in some years if the accumula¬ 
tion of funds warrants. 

The fourth (1931) Laffime Medal has 
been awarded to Giuseppe Faccioli (F’12) 
consulting engineer (retired). General Elec- 
tric Company, Pittsfield, Mass., “for his 
contributions 'to the development and 
standardization of high-voltage oil-filled 
bushings, capacitors, lightning arresters, 
and numerous features in high voltage 
transformers and power transmission.” 
x resen tation will be made during the 
summer convention at Cleveland, Ohio 
June 20-24, 1932. 


Electrical Congress 
to Meet at Paris, July 4-12 

occasion of the 50th anniversary of 
the first International Congress of Elec¬ 
tricity, the Soci6t6 Francaise des Elec- 
triciens, the Soci6t6 Francaise de Physique, 
the Comitd Electrotechnique Francais, and 
the Union des Syndicats de l’Electricitl are 
organizing, und$r the auspices of the Com¬ 
mission Electrotechnique Internationale an 
International Congress of Electricity” 

4 I £!L W “^“ e io Monday. July 

a, 1932 The Congress is open to all persons 
who wish to participate either in a personal 
or official capacity. 

All those wishing to join must advise the 
head office of the Congress at 134. Boulevard 
Haussmann, Paris, before June 15, an d must 


remit at the same time one of the following 
sums: 6 

i nnn Tf°, se mak * a e °nUibutlon of at least 

Jl£? Se Wb f long to the femmes of Congress 
Frwi t and m^° pay a membership fee of 50 
French francs will be registered as related members. 

All payments must be drawn to the order 
of the Soci6t6 Francaise' des Electriciens, 
who is responsible for the treasury depart¬ 
ment. 

Statements of the work of the Congress 
will be published in Frendh. and will com¬ 
prise the text of reports and papers and the 
reproduction, as exact as possible, of dis¬ 
cussions. The transactions will be collected 
together in several volumes, an* in due 
course interested parties Will be advised of 
the distribution of the work of the thirteen 
Sections within these different volumes 

Whether or not they attend in person. 
Benefactor members will be entitled to re¬ 
ceive free of charge the entire collection of 
transactions and, if desired, may take ad¬ 
vantage of a discount of 25 per cent on the 
normal selling price for the purchase of 
supplementary volumes. Similarly, Sub¬ 
scribing members will be entitled to receive 
free of charge the volume or volumes con¬ 
taining the transactions of any one Section 
and can purchase, with a reduction of 25 
per cent on the normal selling price, all or 
part of other volumes containing the trans¬ 
actions. ' 

, persons, particularly interested and 
desiring further information should at once 
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correspond directly with Dr. Harold Pender, 
Dean, Moore School of Electrical Engineer- 
ing, University of Pennsylvania, Phila¬ 
delphia, Pa. 

» Technical activities are divided into thir¬ 
teen Sections as follows: 

• * . ® 

1. Electrical and magnetic science. General 

theories. Insulators. ’'Conductors. Radioac¬ 
tivity. Magnetic bodies. r 

2. Electrical measurements: (a) Units and 
standards; absolute electrical measures, (b) 
Laboratory measurements; industrial measure¬ 
ments and experiments with machines. 

3. Production and transformation of electrical 
energy. 


4. Transmission and distributioif of electrical 
energy. 

5. Electrical traction. Mechanical applications. 

6 . Electric lighting. Photometry. 

7. _ Electrochemistry. Electrometallurgy. Bat¬ 
teries and accumulators. 

8 . Telecommunications by wire (distant com¬ 
munications by wire). 

9. High frequency current phenomena, (a) 
Radioelectricity, (b) Radio communications. 

10. Radiobiology. Electrobiology. 

11. Atmospheric electricity. Terrestrial mag¬ 
netism. <" 

• r 

12. Various applications of electricity. 

13. Teaching and history of electricity. 


Institute Prize Awards 

* 

Announced for 1931 Papers 


Four national: prizes for papers presented 
during the calendar year 1931 have been 
announced by the committee on award of 
Institute prizes, which consists of W. H. 
Harrison (F’3l) chairman, L. W. Chubb 
(F’21), A. E. Knowlton (F’30) and E. B. 
Meyer (F’27). These prizes in each case 
consist of $100 in cash and a suitable cer¬ 
tificate; in cases of joint authorship the 
cash is divided. Personal presentation of 
the prizes Will take place at the opening 
session of the Institute’s summer conven¬ 
tion at Cleveland, Ohio, June 20-24, 1932. 

District prizes as announced by seven 
Districts include fifteen awards of $25 each, 
together with appropriate certificates. As 
in the case of the national prizes, where 
there is a joint authorship the cash awards 
are divided. 

National Prizes 

Best Papers 

Prize for best paper in engineering practise, 
awarded jointly to authors of papers in symposium 
on coordination of power and telephone plant, 
composed of four parts as follows: "Trends in 
Telephone and Power Practise as Affecting Co¬ 
ordination*’by W. H. Harrison (F*31) and A. E 
Silver (F*26); "Status of Joint Development and 
Research on Noise Frequency Induction’* by H. L 
Wills (A’30) and O. B. Blackwell (F’17); "Status 
of Joint Development and Research on Low-Fre- 
quMcy Induction’’ by R. N. Conwell (F’3I) and 

Warren (F’13) | and 4 ‘Status of Cooperative 

° a J^ P r *5\ of Po,es " by J- c - Martin 
(A 12) and H. L. Huber (M*23). This symposium 
sms presented at the winter convention, New 
York, January 26-30,1931. 

Honorable mention was made of the following 
papers: “Synchronous Motor With Phase-Con¬ 
nected Damper Winding for High-Torque Loads” 
by M. A. Hyde, Jr. (A’27), presented at the winter 
convention. New York, January 26-30,1931; and 
Economics of High Voltage Cable” by D. W. 

presented at summer convention, 
Asheville, N. G., June 22-26.1931. 

Prize for best paper in theory and research 
awarded to L. V. Bewley (A’27) for his paper 
Transient Oscillations in Distributed Circuits With 
Special Reference to Transformer Windings'’ 
presented at summer convention, Asheville N C 
June 22-26, 1931. ’ ' 

Honorable mention was made of the following 
papers: "Calculation of Synchronous MaehinA 
Constants—Reactances and Time Constants Af- 

Traasi * nt Characteristics” by L. A. Kilgore 
lj pr S sented at the summer convention, Ashe- 
vtile, N. C., June 22-26, 1931; "Submarine Cable 
Telegraphy: Influence of Interference” by J. W. 
Milnm (F’30) presented at the winter convention, 
New York, January 26-30,1931; and "An Experi¬ 
mental Lightning Protector for Insulators” by 


J* J- Torok (A’27) presented at the winter conven¬ 
tion, New York, January 26-30, 1931. 

No prize was awarded in the field of public 
relations and education. 

Initial Paper 

Prize for initial paper awarded to Ernst Weber 
(A’31) for his paper "Field Transients in Magnetic 
Systems” presented a4 the summer convention, 
Asheville, N. C., June 22-26, 1931. 

Honorable mention was made of the following 
papers: "Extinctiqn of Short A-C. Arcs" by 
T. E. Browne, Jr. (A’31) presented at the summer 
convention, Asheville, N. C., June 22-26, 1931; 
"The San Francisco-Los Angeles Section of the 
Pacific Coast Telephone Cable Network” by E. M. 
Calderwood (M’24) and D. F. Smith (A’31) pre¬ 
sented at Pacific Coast convention, Lake Tahoe, 
Calif., August 26-28, 1931, and "Temperatures in 
Electric Power Cables Under Variable Loading” 
by E. A. Church (A’29) presented at the North 
Eastern District meeting, Rochester, N. Y., 
April 29-May 2, 1931. 

Branch Paper 

Prize for branch paper awarded to J. R. Batchel- 
Ier for his paper "Abridged Method of Testing 
Welds” presented at the joint meeting of the 
Portland Section and Oregon State College Branch, 
May 23, 1931. 

Honorable mention was made of the following 
papers: "Accumulation of High-Potential Static 
Charges on Transmission Lines During Sand 
Storms” by C. E. Houston, presented at the 
South West District Meeting, Kansas City, Mo., 
October 22-24, 1931; and "Influence of Preserva¬ 
tives on the Dielectric Strength of Wood” by C. B. 
Parsons and M. H. Tipton, presented at a joint 
meeting of the Portland Section and Oregon State 
College Branch, May 23, 1931, and at the Pacific 
Coast convention, Lake Tahoe, Calif., August 25- 
28, 1931. 

District Prizes * 

District No. 1 

Prize for best paper awarded to P. H. Moon 
(M’29) for his paper "The Theory of Thermal 
Breakdown of Solid Dielectrics'’ presented at the 
North Eastern District meeting, Rochester, N. Y., 
April 29-May 2, 1931. 

Prize for initial paper awarded to E. A. Church 
(A’29) for his paper "Temperatures in Electric 
Power Cables Under Variable Loading’ ’ presented 
at the North Eastern District meeting, Rochester. 

N. Y., April 29-May 2, 1981, 

Prize.for Branch paper awarded jointly to D. C. 
Robinson and R. W. Stone for their ■ paper "A 
Study of Torque-Time and Slip-Time Relations 
of an Induction Motor Flywheel Set Operating on 
a Mine Hoist” presented at the North Eastern 
District meeth,gl Rochester, N. Y., April 29-May 
2, 1931. . ♦ 

Honorable mention was made of the paper "The 
Theory of the Capacitance Potentiometer” by 
A. W. Moon and W. B. Brainard, presented at the 
North Eastern District meeting, Rochester, N. Y., 
April 29-May 2,1931. 


District No. 2 

Prize for best paper awarded to W. P. Taylor 
(A’26) for his paper "Locating Power Cable Faults 
by Means of a Constant-Current Transformer With 
Short-Circuiting Switch” presented at a meeting 
of the Baltimore Section, May 15,1931. 

Prize for initial paper awarded to W. P. Taylor 
(A’26) for his paper "Locating Power Cable Faults 
by Means of a Constant-Current Transformer With 
Short-Circuiting Switch” presented at a meeting 
of the Baltimore Section, May 15,1931. 

District No. 6 

r Prize for Branch paper awarded jointly to C. A. 
Church and N. R. Damon for their paper "New 
Ideas for High-Voltage Circuit Breakers” presented 
at a joint meeting of the Denver Section and Uni¬ 
versity of Colorado Branch, April 24, 1931. 

District No. 7 

tor Bra nch paper awarded to C. E. Houston 
(A 32) for “Accumulation of High-Potential 
Static Charges on Transmission Lines During Sand 
Storms” presented at the South West District 
meeting, Kansas City, Mo., October 22-24, 1931. 

District No. 8 

f . or b ®?t Paper awarded to W. S. Peterson 
(M29) for his paper "Calculation of Dynamic 
Power Limit of Transmission System During Three- 
Phase Faults” presented at a meeting of the Los 
Angeles Section, February 17, 1931. 

initi al paper awarded to V. A. Hoover 
(A 32) for his paper "Correlation of Induction 
Motor Design Factors” presented at the Pacific 

2fW§ SST** LakC Tah0e ’ Calif • , August 

Prize for Branch paper awarded to E. W. Palm- 
rose for his paper "Vacuum Tube Voltage Regula- 
lators presented at Pacific Coast convention. 
Lake Tahoe, Calif., August 25-28,1931. 

District No. 9 

for best paper- awarded to A. Shipek 
(M 29) for his paper "Analysis of Distribution 
Substation Costs” presented at a meeting of the 
Seattle Section, May 19, 1931. 

, P "?® f «w i“tjal paper awarded to J. L. Watson 
{A. 17) ana R. C. Gleeson for their paper ‘‘A Special 
Application of the Potentiometer Principle” pre¬ 
sented at a meeting of the Portland Section, 
December 8, 1931. 

Prize for Branch paper awarded to J. R. Batcheller 
•fj jus p§per "Abridged Method of Testing 
Welds presented at a joint meeting of the 
Portland Section and Oregon State College Branch, 
May 23, 1931. 


District No. 10 

/ Brize for best paper awarded to G. 
(A 21) for his paper "Factors in Design of 
Volt Distribution in a Modern 
presented at a meeting of the Toronto 
March 27, 1931. 

Prize for initial paper awarded to G. 
(A’21) for his paper “Factors in Design of 
Volt Distribution in a Modem Residential 
presented at a meeting of the Toronto 
March 27, 1931. 


L. Lillie 
115-230- 
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Plans for the Allocation of Sales Effort—-As 
an aid in planning the approach to that por¬ 
tion of the industrial market found in manu¬ 
facturing plants, the United States Depart¬ 
ment of Commerce recently released a bulle¬ 
tin "A Basis for Establishing Industrial 
Sales Territories.” In announcing the 
bulletin, the department stated "To the ex¬ 
perienced analyst this material will mwn 
more up-to-date data upon which to adjust 
and check his present plan of allocating sales 
effort. However, to those charged with the 
responsibility of sales promotion in films 
which have not established a marketing re¬ 
search department, the data undoubtedly 
will provide an inexpensive method of estab¬ 
lishing quickly a fairly accurate marketing 
program.” Copies may be purchased at iO 
cents each from the Supt. of Documents, 

■ Govt. Printing Office, Washington, D. C. 
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California Approves 
the Common Neutral 

The use of a single ^combined neutral 
conductor for electric power distribution 
circuits operating at a potential of 5 kv. or 
less, has been approved by the California 
Railroad Commission for overhead con¬ 
struction, wherever feasible within that 

* accordin / to a news item in the May } 
1932. issup nf 7 r__ . ’ 


board at Stevens will be SSO^er^erSn^or and °f 1116 com mittee, 
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• x* —, 4 various countries. Ex- 
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mg is stated as the general pu^ose ofttSe Cent!, Reading ' New York 
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extensive study and field 
.. „ . . jd mider the supervision of 

!trr i0n andwith 1116 cooperation of 
power and communication utilities and the 
National Electric Light Association. C.T 

Mess (M 29) supervised the work for the 
commission. e 

One of the principal controversial points 
settled by the investigation and subsequent 
decision was the matter of telephone inter¬ 
ference that might be caused by the new 
type of construction. The matter of safety 
was given close attention also, resulting in 
findings that, under the commission’s con¬ 
struction specifications, the common-neu¬ 
tral system may be expected to be at least 
as safe for employees and the general public 
as the separate-neutral construction, and 
in many cases safer. 


Summer School for 
Engineering Teachers 

^Maintaining its previous practise, the 

&Wm f ° r - th ? Pr ? motion of Engineering 
Education is planning to hold two summer 

r,? l TJ° r engilleeri *ff ’teachers 
dar , ng {“Jr of t hls year. One session will 
be devoted to the study of economics and is 
to be held at Stevens Institute of Tech¬ 
nology, Hoboken, N. J., July 6-21, 1932; a 
sesaon on English is to be held at the Ohio 

1K2S SS”?* c ! lumbus ’ 0W °. July 

11 1932 - A registration fee of $10 will 


~ wiux sl suiav or the 

th^ hich . power ^ is supplied to all 
the electrifications in the United States. 


Electrification 
Report Issued 

f . J ,?if; trifica ^ i ? n of steam raUways through¬ 
out the world is covered exhaustively in the 
latest report of the railway electrisation 
committee of the National Electric Light 

Lensth of Railroad Trade Electrified 


Country 

United States., 
Switzerland... 

Italy. 

France. 

Germany. 

Sweden. 

Austria. 

Great Britain. . 

Spain. 

Australia. 

Brazil. 

Japan. 

India.. . 

Chile... 

World total.. 


MUes 

Route 

Miles 

Main 

Track 

Miles 

All 

Tracks 

2,065 

3,597 

4,911 

1,542 

« 2,105 

2,929 

1,079 

1,620 

2,218 

1,046 

1,736 

2,234 

972 

1,647 

2,373 

726 

791 

1,039 

664 

794 

927 

474 

1,122 

1,234 

369 

660 

650 

261 

568 

701 

251 

272 

319 

248 

441 

569 

222 . 

456 

689 

208 

242 

365 

11,318 

17,728 

23,567 


This report is the fifth the 


Association. is cue nrtn the 

committee has issued since a detailed study 

h, 1 S $3T , el '5 trificatio -> ™ 1*1®. 

c Bn “° n i Budd ' President of the 

Public Service Company of Northern 


Statistics on 
Consumer Markets 

, ^ ewest . data available indicating the 
domeS”' Size ’. and purchasing power of 
‘ “f ketS f0r ^ Products of 

American industry are presented in a re- 

? ? „ General Consumer* Market Sta¬ 
tistics, made public by the Department 

k m.STT 14 ’ 1932 - Tb e report 
“A? U 85 the first supplement to the 

Stew** “If Handbook of the United 
States recently made available, and brings 

latin! + da !h ^ Statistical formation re¬ 
lating to the consumer market section. 

Approximately how much money the 

people of a given section maintain in the 

7^°" of tte,a m “- iueome 
tax returns, how. many automobiles they 

T mhet ° f whole saIe and retail 
outlets that serve them—are a few of the 

fundamental factors entering into an 

appraisal of marketing possibilities which 

this new supplement brings together 

Population, both city and rural, is shown for 

each county m the country as of the 1 1930 

C0U T VaIue of manufactured 

and^ortb If UC added by manufacture, 
aud worth of mine output, are reported on 

the basis of 1929 returns. Savings, de¬ 
posits, postal receipts, and users of tele- 

ooS. “ e rePoAed ™ of 

A large number of other tables and maps 


Two Electric Locomotives Shipped to U.S.S.R. 
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|WO complete electric locomotives, the first nf ^ • 

on the Transcaucasian Railway ^! the U S ^ ^ 01 ’ 
been shipped from the Erie fT>/\ -nr , 6 have just 

Company. Weighinv 146 ton! enwh *h e General Electric 

owS^Semttf thfuTs 1. part ofth * S°y«hment 

u system ot the U.S.S.R.; it extends through the Suram Pass, 

1932 : 


in length, and induding 
frdsM md ^ 

coupled together to form units of So toSljda annt Pable ot beine 
most powerful in Europe ReeeneratfJ?r!J d 5 ’^°° hp :* amon S the 
on the locomotives^ %**£££<? ^ ebi ;akmg 1 s provided. Tests 

complete electrical operation of the camed 0ttt during June, with 

mountam section SCbed ^d to 
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is given, some of these indicating the changes 
which have taken place since publication of 
similar data. 

The “General Consumer Market Sta¬ 
tistics'’ is published as part of a general 
program for providing American business 
with basic information which will enable the 
individual concern to increase the efficiency 
of its sales and marketing methods, and 


Letters to llae 


% 

The Forces 
of Ignorance 

To the Editor: . 

I have frequently in the past few months 
seen references to “the forces of ignorance, 
tradition” and so on, in various Electrical 
Engineering articles; and now again in 
the March issue in Doctor E. W. Rice’s 
address, as recorded on page 197, we have— 
“The forces of ignorance, tradition, and 
superstitition are strong and view with some 
alarm the progress of science” . . . “After 
all, the forces of reaction and ignorance 
cannot prevail • permanently in a country 
in which the voters are properly educated.” 

Now, I for one of the. readers of Elec¬ 
trical Engineering would like to know 
just what these "ignorant, superstitious 
forces” are. Enough of this vague generaliz¬ 
ing; if such forces exist let’s have them 
named and combat them like intelligent 
beings, if they should be combated. 

Yours truly, 

*' Francis L. Burke (A’28) 

(Mfg. Planning Engr., Western 
Elec. Co., Kearney, N. J.) 


Has Man Benefited 
by Engineering Progress? 

To the Editor: 

Through engineering progress man has 
revolutionized transportation and com¬ 
munication. He has harnessed the forces 
of nature and commands them do his 
bidding. He has appropriated for his use 
and entertainment all the marvelous inven¬ 
tions, developments, and improvements in 
the electrical, mechanical, chemical, and 
civil arts and sciences. Through engineer¬ 
ing progress man has lightened his labors, 
increased his hours of leisure, expanded his 
means of entertainment, and increased his 
vision. But has man benefited by engi¬ 
neering progress? 

This question cannot be answered af¬ 
firmatively by merely enumerating the 
tremendous increase in economic wealth 
brought about by engineering progress. It 
is first necessary to come to an understand¬ 
ing of the significance of the word “bene¬ 
fited,” the definition of the word being of 
but little assistance. The implication of. 
the word “benefited” in any particular cas e 
is quite clear: a patient is benefited by 
the medical ministration that relieves his 
pain or restores-his health, a sorely fatigued 
person is benefited by rest, a hungry person 
by food, the lonesome by companionship. 
But the patient aggravated by the best of 
potions, the man forced into idleness by, 
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thus help to reduce wastes in the national 
distribution system. This publication may 
be purchased at 60 cents per copy from the 
Superintendent of Documents, Govern¬ 
ment Printing Office, Washington, D. C., 
or any of the district offices of the bureau 
located in principal cities. Copies of the 
third printing of “The Market Data Hand¬ 
book” are available at $2.50 per copy. 


HJi.or 


unemployment, the farmer glutted with a 
surplus of food, the socially-lionized sur¬ 
feited with companionship, certainly are 
not benefited. The objective, the result 
sought, as compared to that obtained, 
becomes a measure of the beneficialness 
of a man’s acquisitions; it must result in a 
want satisfied. 

Engineering progress is conceded by 
all to be the most powerful influence in the 
life of modem man. His work, his travel, 
his amusement, and his vest; his life and 
his health; his political, his social, and his 
home life, have all been affected or better 
still revolutionized. How can the benefit 
of such a deep Aid wide spread influence be 
measured? It can be done by finding 
man’s objective, man’s primary want and 
then inquiring as to what extent engineering 
progress satisfied that want. This pri¬ 
mary want is, without question, happiness. 
Whatever man does, he does so because he 
thinks or believes that it will enhance his 
happiness. Even if his actions be entirely 
altruistic there is no denying the fact that 
he gains a measure of personal satisfaction 
from that act. 

In the light of this primary want, has 
man benefited by engineering progress? 
The answer is that he has benefited but 
little, if at all. There are no available 
statistics to verify the truth or falsity of 
this statement. It is, however, easily 
observed that the greater happiness prevail¬ 
ing at the crest of a business cycle due to the 
higher standard of living made possible by 
engineering progress, is matched by an 
equal amount of misery at the trough of the 
same cycle; the latter seems to be in direct 
proportion to the former. 

The man who has owned an automobile 
is as miserable when he can no longer afford 
the luxury, as the man who is compelled to 
move to a less pretentious apartment. It 
is the stepping down from an accustomed 
standard that brings on the state of un¬ 
happiness and not the particular height of 
the standard. This is attested to by the 
many visitors to our shores coming from 
less indusfralized countries. Each one 
would consider our present standard a god¬ 
send for his nationals. Several months ago 
an Englishman, upon leaving our shores, 
said that England would be & happy land if 
it were afflicted with the American de¬ 
pression. It is evident, therefore, that it 
is not the absolute status of the standard 
but the drop of same that hurts. Happiness 
during the rise is, therefore, offset by the 
unhappiness during the drop, leaving but 
a small sum total of,benefit from engineer? 
ing progress. 

Engineering progress has been sporadically 
raising that standard; but the engineering 
profession, I regret to say, has made no 
attempt to so plan the progress as to make 


the rise smooth and uniform. Engineers 
have contributed all of the technical progress* 
of mankind but have left to others the 
management or rather mismanagement of 
their contributions. Even to the present 
day many engineers look askance at the 
political and social activities of the pro¬ 
fessional engineering associations. 

The engineer, accustomed to long-range 
planning, familiar with the industrial 
machine he has built, peculiarly trained 
for the job, should take a greater hand in 
the management of affairs. The national 
engineering societies could help much in 
bringing the engineer out of his purely 
technical shell. Assuming a little responsi¬ 
bility in investigating conditions, and the 
causes for same, and doing some p lanning 
for the future, and giving properly worked 
out plans suitable publicity, will certainly 
not hurt the engineering profession. In 
due time it may perhaps definitely be said 
that man is benefiting by engineering 
progress. 

Yours very truly, 

Jacob Katzman (A’20) 

(Consulting Engr., Dumont 
Elec. Co., New York, N.-Y.) 


Injuries From 
Electric Shock 

To the Editor: 

Referring to letters upon the general 
subject of vivisection that you have re¬ 
cently published, permit me a suggestion. 

To alleviate the suffering of human beings 
we must have knowledge of a type that can 
be obtained only by experiment upon living 
organisms. The organisms may be either 
human or animal. When a human organ¬ 
ism objects to the use of animal organisms 
for the benefit of himself and other human 
organisms, I think that it would be entirely 
proper for him to offer himself as a subject 
for the necessary experiments. Surely the 
objector will be willing to display in so 
practical a manner the humanitarianism 
that he has expressed with such feeling on 
paper. 

I commend this suggestion to the atten¬ 
tion of all those who would rather see a 
thousand children suffer than to have one of 
the lower animals put out of the way, 
under proper safeguards, to save the kids. 

Very truly yours, 

H. H. Ketcham (A’13, M’23, 
Life Member) (Technical Edi¬ 
tor, Forest Products Lab., 
Madison, Wis.) 


Injuries From 
Electric Shock 

To the Editor: 

I was very much interested in the articles 
by Dr. Kouvenhoven and others discussing 
the nature of injuries from electric shocks. 
All the utility engineers who have had oc¬ 
casion to testify in lawsuits involving per¬ 
sonal injury, or who have heard the medical 
profession testify in such suits realize the 
lack of available information at the present 
time. 

We are hopeful that experimental work 
will be continued and that the results will 
be made available to the electrical pro¬ 
fession, as in the past. 

Yours very truly, 

E. E. George (A’20, M’29) 
(Sujpt. of Electrical Operation, 
Tennessee Elec. Pwr. Co., 
Chattanooga, Term.) 
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Public Works 
Administration 

Impossibility of securing a public works 
administration during this session of Con¬ 
gress was greatly enhanced by the action of 
me House of Representatives on the omni- 
bus economy bill. A special rule was 
obtained making the bill a part of the 
legislative appropriation bill, which will 
msure action upon its provisions by the 
Senate during this session of Congress 
Title V of the bill authorizes the formation 
of the public works administration under an 
administrator who shall hold office for six 
years, and receive a salary of *10,000 per 

tw tT, In - ltS PreS< f t form the hm Provides 
that the rivers and harbors activities of the 

War Department be excluded from this 
administration. I n passage through the 
house, but two minor perfecting amend- 
ments were made to this section, the effect of 
which was to make the provision applicable 

anJTwf 6 °? CGr J S ° f COf P s of engineers 
and not to enlisted or civil service personnel. 

! * 5.*'T has s P onsored several amend¬ 
ments to Title V of the bill to the effect that: 

1. The term of office of the administrator of nubile 
works be extended to at least ten years. P 

hi<rhl£ a *f!£ C k < i S the adm »nistrator will deal with 
highly technical questions, definite stipulations as 
to his qualifications should be included in the bill 


tb?£? ed i aS an ext f emely im Portant step in 

LvL - 1S1116 f °remost exponent of en¬ 
gineering education in the United States. 


Adolph Shipek: (A’23, M’29) design 
IdSr 6 ? f ° r the ? Uget Sound Power and 

awarded |^ ttle ’ Wash " ^s^been 

warded the A.I.E.E. North West District 

1931. prize for best paper. Mr. Shipek, a 

native of the State of Wisconsin, received 



ADOLPH SHIPEK 


Astoria Hotel, New York, N. Y In his 

! P ? + i 0f . aCCep . tance Mr - Sw °pe expressed 
a .!f^ s , fac J 01 ? with the country’s courageous 
ttatude durrng the past two years. “Our 
pnmary thought for today,’’ he asserted, 

emerge fro *n these trying„and 
difficult tunes as rapidly and as equitably 

fidJtof vb ” WS 0X6 to maintain con- 
’ whlch 13 so absolutely essential, a 
definite program should be adopted toward 
balancing the budget of each of the various 
units in our country.” % 


J-%; Watson (A’17) station meter tester 

P T d <0re -> heneml Electric 
has received the 1931 A.I.E E 

mTwS* Distrfc ‘ prfae for initial paper.' 
Mr. Wateon was bom at Warren. Ohio 

ompleted grade school and two years of 
hrgh school at Meadville, Pa., then moved 
to Oregon and finished his high school 
course at Eugene. This was foSed by a 

^■ y f r T ■ C0 " rse ta engineering 

at ttc Umversity of Oregon (Eugene) from 
which he was graduated in 1915. Aftet 

rtcimST?? ° ne t - eim ° n a Special COUrse 

at Cornell Umversity, Ithaca, N. Y., and 

at PhtaSw M GCne I al E1CCtric test course 
at Pittsfield, Mass. At various times during 

his college years, Mr. Watson was employed 

as operator for the City of Eugene water 

works, for the Oregon Power Company at 

Eugene, and for the North ftoast Power 

^Vancouver, B. C. He became 

affiliated with the Portland General Elec- 


harbors work of the War Depart- 
works. Under the adndn *strator of public 

iallT b nt i ui W iu atmt0 - r ° f pub,ic works 'may (not 
services of the corps of engineers 
of both the United States Army and Navy when 
ever and wherever practicable. 7 W “ en 

f U fhISw min!£ f at0r of pub,ic wo *-ks be given 

The bill is now before the Senate where it 

is certain to receive some action within the 
nem: future. It seems highly probable that 
the Senate either will amend Title V or 

. tbe . e , ntire section from the bill. 
Should this latter action take place, the 
president would have ample opportunity 
under another provision of the bill to group 
aud consolidate into one given department 
*11 of the executive agencies having to do 
with public works construction. 

Muscle Shoals BiU Passed by House.—On 
May f» * 932 » the House of Representatives 
passed the Muscle Shoals biU (HR11051) 

In many respects this bUl is similar to the 
one vetoed by President Hoover last year, 
providing that the government may lease 
Muscle Shoals properties under certain con¬ 
ditions; in the event of its inability to lease 
the properties before a given time, the bill 
provides that they may be operated by the 
government. 

A.E.C. Gets New Member.—The Society for 
ue Promotion of Engineering Education 
recently became a member-organization of 

the American Engineering Council. * This is , 


ffis prelimmary schooling at Antigo, and 
w 1909 was graduated from the electrical 

W^ n * CO r e at the University of 
Wisconsin, Madison. Upon completion of 

his college course, he became a student 
apprentice with the Allis-Chalmers Com- 

Paay - . During + the foUowing year he was 
engaged in construction work on the White 
River hydroelectric plant of the Puget 

WiSh* Com P an y> Seattle, 

Wash., and m 1911 he became draftsman 

on electncal substation instaUation for that 

company, continuing in this capacity for a 

P b”? d ,° f years * In 1913 he became 
chief electrician for the Norway Pacific 
Construction and Dry Dock Company at 
Everett. Wash. Two years later he was 
^osen medianical and electrical draftsman 
for the Seattle School District, and was 
em pl oyed by the City of Seattle on its 
Skagit hydroelectric development. In 1921 
he again became affiliated with the Puget 

/.T* “ d Liirht was 

made field engineer of that company in 

1924, and later design engineer, the position 
he now holds. 



J. L WATSON 

trie Company in 1920 and has been in the 
employ of that company since that time. 
He has taken a keen interest in Institute 
attairs and has served on many committees 
of the Portland Section. 


June 1932 


Gerard Swope (A’99, F’22) president 
of the General Electric Company, Sche¬ 
nectady, N. Y„ has received the Gold,Medal 
award of the National Institute of Social 
Sciences, “in recognition of his public ser- 
formulating the Swope plan for the 
stabilization of industry with a guarantee 
of employment.” The address of presenta¬ 
tion was made by Owen D. Young, at the 
organization’s annual dinner at the Waldorf- 


., J - B - Whitehead (A’00, F’12) dean of 
the School of Engineering, Johns Hopkins 
Umversity, and a member of its faculty 
since its organization, has been honored 
twice recently. He has been elected to 
membership in the. National Academy of 
Sciences, the total membership of which 
is restricted to approximately 150 persons; 

and . ba , ha l been awarde d the Franklin 
Institute s Elliott Cresson Gold Medal and 
certificate for his work in dielectrics. The 

foTo 11 9*® 85 ? 11 award was established in 
1848 and is given "for discovery or original 
research, adding to the sum of human 
knowledge irrespective of commercial value • 
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leading to practical utilization of dis¬ 
covery; and invention, methods of products 
embodying substantial elements of leader¬ 
ship in their respective classes, or unusual 
skill or perfection in workmanship.” The 
first £ward of this iqedal was made in 1856. 



E.>. CHURCH 


E. A. Church (A’29) who is now in the 
electrical engineering division of the Edison 
Electric Illuminating Company of Boston, 
Mass., was elected to receive the 1931 
A.I.E.E. North Eastern District prize for 
initial paper. Mr. Church is a native of 
Fra nklin G^pve, Ill. He was graduated 
from a cooperative course at Massachusetts 
Institute of Technology with the degree of 
S.M. in E.E. in June 1928. During his 
graduate year at M.I.T., Mr. Church was 
Swope Fellow in electrical engineering. He 
has been engaged with his present company 
ever since graduation, his work including 
various substation, transmission, and gener¬ 
ation ‘'problems in connection with power 
system operation. 


P. H; Moon (A’24, M’29) assistant pro¬ 
fessor in the electrical engineering depart¬ 
ment of Massachusetts Institute of Tech¬ 
nology, Cambridge, Mass., has received 
the 1931 A.I.E.E. North Eastern District 
prize for best paper. A native of Beaver 
Dam, Wis., Mr. Moon was graduated from 
the University of Wisconsin in 1922 with 
the degree of B.S. in E.E. He was for a 
short while laboratory assistant for the 
Public {Service Company of Northern 
Illinois at Joliet, Ill. After two years in 
the electrical and mechanical design schools 
of the Westinghouse Electric and Manu¬ 
facturing Company, East Pittsburgh, Pa., 
he joined the staff of M.I.T. in 1924 as 
research assistant. He has made several 
contributions to AT.E.E. literature. 


U. W. Alexander (A’28, M’30) formerly 
with Allied Engineers, Incorporated, • and 
later with the Consumers Power Company, 
both of Jackson, Mich., has resigned his 
position with the latter company to join • 
the Anaconda Wire and Cable Com¬ 
pany, New York, N. Y. While with Allied 
Engineers, Incorporated, Mr. Alexander 
was connected with system planning. He 
has served on the power systems engine er ing 
committee of the National Electric Light 
: Association. 
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M. Luckiesh (A’ll, M’15) r director r of 
the General Electric Company lighting 
research laboratory at Nela Park, Cleve¬ 
land, Ohio, recently received appointment to 
represent the Ututed States National Com¬ 
mittee on the technical committee on ultra¬ 
violet radiation of the International Com¬ 
mission on Illumination. The purpose of 
this committee is to define units and meth¬ 
ods of measurement and for the appraisal 
of ultra-violet radiation. 

F. D. Weber (A’09, M'30) who has been 
serving the Oregon Insurance Rating 
Bureau at Portland, Ore., as chief electrical 
engineer, recently was elected president of 
the International Association of Electrical 
Inspectors, the headquarters of which are in 
Chicago, Ill.; he is also secretary-treasurer 
of the Northwestern Section of this same 
organization. In his office as president he 
succeeds R. H. Manahan (M’22) of Los 
Angeles. 

Richard McKay (A’22) assistant elec¬ 
trical engineer for the Washington Water 
Power Company, Spokane, Wash., has been 
appointed district manager of that com¬ 
pany’s Coeur d’Alene, Idaho, operations, 
which includes both ele£tric and water 
service. His affiliation with this company 
dates from 1921, following his graduation 
from Columbia University, New York, N. Y. 
Mr. McKay is also chairman of the Asso¬ 
ciated Engineers of Spokane. 


chairman of the A.I.E.E. Branch at Syra¬ 
cuse University and also was chairman of 
the North Eastern District meeting Student 
session at Rochester, N. Y., May 1, 1931. 

Guglielmo Marconi (HM’17) recently 
was the recipient of the 1932 Kelvin Medal, 
which is awarded triennially by the Insti¬ 
tution of Civil Engineers of Great Britain. 
The Kelvin Gold Medal, being a tribute of 
engineers to the memory of Lord Kelvin, 
is awarded to men of distinguished service 
in the application of science to engineering 
rather than in the development of physical 
science itself. The first award was made 
in 1920. 

Frank Wenner (A’12, F’2G) physicist. 
Bureau of Standards, Washington, D. C., 
recently was awarded the John Price 
Wetherill Medal, which The Franklin 
Institute presents annually "for discovery, 
invention, or development in the physical 
sciences.” This medal award was estab¬ 
lished in 1925, for the promotion of re¬ 
search. 

W. S. Watson (A’28) for many years 
chief engineer and manager of the city 
water and light supply for Hastings, Neb., 
recently received his appointment as super¬ 
intendent of the board of public works at 
Hannibal, Mo. In this office he will be in 
charge of the Hannibal municipal supply of 
water, light, ami power. 


D. C. Robinson (A’32) who is at present 
a graduate assistant at the College of 
Applied Science, Syracuse University, Syra¬ 
cuse, N. Y., recently in his joint authorship 
with R. W. Stone, was voted the 1931 prize 
for Branch paper in the Institute’s North 
Eastern District. Mr. Robinson, a native 
of Newell, Iowa, entered Syracuse Uni¬ 
versity as a student in the electrical engi¬ 
neering department in 1927 and received 



D. C. ROBINSON 


B - S - ' m *3. in 1931. In the fall c 

1931, he engaged with the General Electri 
Company to begin work in its vacuum tub 
i laboratof y at Schenectady, Octobe 

1932. He now is wofking for his M.S. i: 

™ajor teaching; subject at th 
College of Applied Science being descrip 
tave_ geometry During the period fror 
September 1930 to June 1931, he wa 


C. E. Allen (A’04, F’14) who for some 
time served the Westinghouse Electric 
and Manufacturing Company as its south¬ 
west district manager, with offices at St. 
Louis, Mo., and who is at present its com¬ 
mercial vice-president at East Pittsburgh, 
Pa., recently was elected vice-president 
of the American Management Association. 


F. J. Bartlbwski (A’28) who has been 
serving the International General Electric 
Company at Bucharest L, Roumania, now 
has been transferred by his company to 
Bombay, India. Prior to his work in 
Bucharest, Mr. Bartlewski was X-ray 
engineer for the General Electric X-Ray 
Corporation at Warsaw, Poland. 


G. E. Wood (A’26) for some time a mem¬ 
ber of the firm of Langncr, Parry, Card, and 
Langner, patent attorneys in New York, 
N. Y., has located in Dublin, Ireland, as 
assistant patent agent for Cruickshank and 
Company, an organization which has been 
operating for over thirty years and closely 
allied with Mr. Wood’s previous connection. 


E. W; Davis (A’15, M’21) has been made 
electrical engineer for the Simplex Wire and 
Cable Company, Cambridge, Mass. He 
succeeds W. I. Middleton (A’09, M’14) 
who was forced to retire a short time ago 
because, of ill health. Mr, Davis’ previous 
office with the company was that of assis¬ 
tant electrical engineer. 


appointed to the board of directors of the 
American Standards Association, to suc¬ 
ceed M. S. Sloan (A’07, F'30) whose term 
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expired De^mW 1931. Mr. Parker repre- 

StaS? - * Bght and power - 

. May ( A ’ 12 ) fonseveral years has 

been vice-president and assistant managing 
director of the Overseas Motor Service 
Corporation, New York, N. Y.; now he has 
removed to Chicago to become curator of 
automotive engineering at the Museum of 
Science and Industry in that city. 

H. W F, (A’95, F’12) Who is a 
Member for Life of the Institute and who 
for some tune has been consulting engineer 
for the Genera! Cable Corporation, Wed 
JtPerti N. J., now has retired 

from active service. His future address 
will be Laguna Beach, Calif. 

W. J. Berry (A’31) is now assistant equip¬ 
ment supervisor of the Southeast Missouri 
Telephone Company , and is located at Cape 
Girardeau, Mo. As a student engineer of 
the General Electric Company, Mr. Berry 

Erie 1 ^ lted previously at Lawrence Park, 

C. O. von Dannenberg (A’06, M’30) 
who formerly was assistant electrical enei- 
neer of the Electric Management and 
Engineering Corporation, New York N. Y 
recently became a member of the engineer- 
mg department of the Pennsylvania Central 
L,ght and Power Company, Altoona, Pa. 

C. M. Gilt (A’21, M’26) outside plant 
engmeer for the Brooklyn Edison Com¬ 
pany, Brooklyn, N. Y., has received the 
appointment of assistant electrical engineer 
of that company. Mr. Gilt’s first connec¬ 
tion with the Brooklyn Edison Company 
was as test engineer in 1923. y 


f° 8el “‘ CaM- now has associated 

Wlth . T he ®««ric Material .Com- 
pany, Inc., of San Francisco. 

■?. A - Smi T h « J*. (A’24) assistant trans¬ 
mission engmeer for the Public Service 

fiS ? 10 if nd Com Pany, Newark, New 
J rsey, has been made chairman of the 
power group of the Institute’s New York 
Section for ;932-1933. 

» • 

I. S. Coggeshall (A’30) general traffic 
supervisor of the Western Union Telegraph 
Company, New York, N. Y., recently^vas 
elected to the chairmanship of the eom- 
mumcation group of the Institute’s New 
York Section for 1 932-1933. 

W. T Blackwell (A’22) general lighting 
representative of the Public Service Electric 
and Gas Company, Newark, N. T„ has 
received reelection as chairman of the 

^ ou P of the Institute’s New 
York Section for 1932-1933. 

H. C Dean (A’12, F’30) general super- 

York and Queens 
W m v gh u an J? Power c °mpauy, Flush- 
ha ®' been e ! e oted to serve for 
lur 1 . on the executive committee of 
the Institute’s New York Section. 

* 

J; D. Carroll (A’21) formerly assistant 
engmeer of the Electric Bond and Share 
Company New York, N. Y., now is serv- 
‘” g the Public Service Commission of 
Maryland, at Baltimore, in like capacity. 


J. R. Batcheller (Enrolled Student) 
Oregon State Agricultural College at 
Corvallis, Ore., has been awarded the 
Institutes North West District prize‘for 
■Branch paper presented during 1931. The 
award .was made fo» Mr. Batcheller’s 



J. R. BATCHELkER 

paper, "Abridged Method of Testing 
Welds, Presented at a joint meeting of the 

AIE F pi 6 , C f U Z ge Branch and the 
1931 E Ti P !u d ' .° re -’ Sec «on, May 23, 
lydL The author is a native of Portland 

and is continuing his studies at the Oregon 

dectrirTl ge ’- WherC he t00k a course in 
electrical engineering and from which he 

was graduated in 1931 with his B.S. degree. 


V. M. Graham (A'23, M’29) radio engi- 
J? er f ° r A the . Stromberg-Carlson Telephone 
Manufacturing Company, at Rochester, 
W. Y recently was appointed chairman of 
the standards section of the Radio Manu¬ 
facturers Association of New York, N. Y 

f E rt RD .,. ALLEN (A ’ 3 °) engineer 

P “ bhc Service Company of Northern 
Umois, has been transferred from the 
Maywood (Ill.) territory to Harvey, Ill. 
were he will continue in the capacity of field 
engmeer. 

i Wiixiam Arthur (A’12, M'17) previously 

f Y A ork ’ N * Y - a s assistant to 
vice-president, American Brown Boveri 

shouId be addressed in care 
NetYork^N. 6 ? ManUfaCtUring Compan >'' 

:^W. H. Hakbison (A*20, M‘30) plant 

Swf* for the American Telegraph and 
telephone Company, New York, N. Y. 
at a recent election was chosen to serve oil 
the executive committee of the A.I.E.E 
New York Section. 

F. A. Lavigne (A’26) who for many 
years has been local manager of the Asso¬ 
ciated Wholesale Electric Company at 


R. W. Stone (A’32) of the sales depart¬ 
ment of the Oswego Motor Car Company, 

X-Saf'Z; *■■ with D. C. Robinson 
(A 32) the North Eastern District prize 
for the Branch paper for 1931. Oswego is 

fs He «<*ived his 

u.o. in E.E. from Syracuse University with 
the class of 1931, and the summer between 
his junior and senior years worked for the 
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R. W. STONE ;/A :': •’ 

American Telephone and Telegraph Com- 

Y ” * the transmission 
engineenng^ department, where his work 

S+Wif d cbl . efly of becoming acquainted 
with the various phases of telephone work 
mconnectiomrith carrier telephone systems 
and central Offices, radio program trans¬ 
mission, and telephone plant maintenance. 


G. R. Dittwe (A’26) until recently 
f ° r 016 Garland-Affolter 
£S , ng Corporation at Los Angeles, 
L-aJrf is now manager of Electric Agencies 
at Oakland, Calif. agencies 

r .J' 3 !‘^ 0 ° DS assistant chief engi- 

n!^r°Q the F entral Power and Light Com- 
? y ’ San Antoni °, Texas, as of April 14, 
1932, was transferred to Guero, Texas, 
where he continues to serve the company. 

(A ’ 22) whohas been serving 
the British American Metals Company 

New York, N. Y., as secretary, now is 
secretary of the British-American Tube 
Company, New York, N. Y. 

W. P. Hammond (M’20) formerly engi¬ 
neer of generating plants, Allied Engineers, 
Incorporated, Birmingham, Ala., now lias 
become general engineer of the Georgia 
Power Company at Atlanta, Ga. 

n J.' IF B i RTO j? (A ’ 12 ’ F ’ 3 °) district engi- 
neer for the General Electric Company, 

New York, N. Y., is the new chairman of the 
New York Section of the Institute, to hold 
Office during the fiscal year 1932-1933. 

w; 18 : *■*>) assistant chief 
engmeer, United Engineers and Construc- 
t^ -Tnc., Newark, N. J., has been elected 
secretary of the Institute’s New York 

Section for 1932-1933. 

L * ^ A>12 ^ v i c e~piresident in 

Srjf ge ^ operating bureau of the 

Edison Electric Illuminating Company of 
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Boston has succeeded his father in the office 
of regional director for New England of the 
refrigeration bureau of the National Elec- 
• tri<? Light Association. 




Benson Osborn Ellis (M'23) operating 
manager of the Cia Anglo Argentina de 
Eleetricidad, S. A., died there of cerebral 
hemorrhage, October 1931, according to 
information received recently. He was 
bom inCorina, Maine, September 24,1873, 
and was a graduate of the high school at 
Dexter, Maine. In 1890 he engaged with 
the Brunswick Electric Light and Power 
Company, Brunswick, Maine, as station 
operator, having worked previously on in¬ 
side wiring and line construction. Three 
years later he joined the Knox Gas and 
Electric Company and the Rockland, 
Thomaston and Camden Street Railway 
Company, Rockland, Maine, as construc¬ 
tion foreman in charge of overhead work, 
inside wiring, customers’ installations, and 
also operation of the power plant. In this 
position he ^remained for four years, after 
which he went to Astoria, N. Y., in 1897, 
where he became electrical superintendent 
in charge of power plant operation, over¬ 
head line construction, and customers’ 
installations for the Astoria Electric Light 
and Power Company. Later he was 
associated with William Sheehan and 
Company, contracting engineers, New York 
City," in charge of the design and construc¬ 
tion of small central station installations. 
In 1906 he became construction superinten-. 
dent of the J. G. White & Company, Inc., 
taking over the general charge of new 
power plant and„ substation construction, 
high voltage transmission, and street rail¬ 
way extensions and repair for the Eastern 
Pennsylvania Railway Company, Potts- 
ville. Pa. His next change came in 1908 
when he went with the Columbia Power, 
Light and Railways Company as general 
manager in charge of rehabilitation and 
operation of street railway, and gas and 
electric light properties, in Berwick, Blooms- 
burg, and Danville, Pa. In 1910 he re¬ 
turned to the J. G. White organization 
and was active on many important proj¬ 
ects. He was placed in charge of power¬ 
house extension, substation, and under¬ 
ground work and the rebuilding of street 
railway lines for the Wilmington and 
Philadelphia Traction Company, Wilming¬ 
ton, Del.; in 1912 he was sent to take 
charge of powerhouse and substation con¬ 
struction, transmission line erection, and 
low voltage distribution for an electric 
company in Venezuela; and in 1914 he was 
sent to take charge of the building of the 
street railway system for the Quito Tram, 
ways Company, Quito-Ecuador, S. A. 
The last named connection led to his 
appointment as general manager and chief 
engineer of the Quito Tramways Company 
and the Quito Electric Light and Power 
Company. In 1923 he returned to the 
United States, and established an electrical 


engineering and construction business' of 
his own in New York City. In this he 
continued until he went to Cuba to take 
charge of electrical engineering and con¬ 
struction for the Cuban Electric Company 
at r Havana. The year 1927 found him 
division manager of the Florida Power and 
Light Company, at Saraspta, Fla., the 
position which he left when he was made 
assistant to the president of the Public 
Utilities Consolidated Corporation, at 
Minneapolis, Minn., in 1929. Immediately 
prior to his last position in. Argentina, 
he was president of the Central American 
Power Corporation at Nicaragua. 


Henry E. McGowan (M’17), secretary 
of the Brooklyn (N. Y.) Union Gas Com¬ 
pany, died at the Long Island College 
Hospital, Brooklyn, N. Y., May 7, 1932. 
He had been with that company for 24 
years. Mr. McGowan was a native of 
Brooklyn; his early education was obtained 
at private schools and included five years of 
military training. In 1889 he went to the 
Stevens Institute preparatory school and in 
1894 was graduated from Stevens Institute 
with a degree in mechanical engineering. 
For the next three year^ he was process 
chemist for Church^nd Company, Trenton, 
Mich., a concern manufacturing soda by a 
special ammoni^ process. In this connec¬ 
tion, Mr. McGowan first served a term in 
the company’s laboratory immediately 
under the chief chemist and in complete 
charge of process of production. In 1898 he 
went with the Brooklyn Union Gas Com¬ 
pany as electrical engineer, his chief duties 
being to investigate the matter of electro¬ 
lytic damage to sub-surface plant, and to 
follow up prospects for gas-engine-driven 
electric installations. In addition to these 
duties, in 1903 he was elected general 
manager of the Flatbush Gas Company. 
This company was a subsidiary of the 
Brooklyn Union Gas Company, but carried 
on an electric power business in addition to 
its gas distribution activities. In this 
affiliation all extensions of electric station 
and distribution equipment were carried 
out directly under Mr. McGowan’s super¬ 
vision and direction, including the pur¬ 
chasing of all turbo-generators, boilers, 
condensers, and other necessary equip¬ 
ment, and the prescribing of the systems 
and designs to be employed. In 1914 he 
was made assistant secretary o& the Brook¬ 
lyn Union Gas Company, at the same time 
holding like office in five of its subsidiaries, 
and in addition retaining the title of general 
manager at the Flatbush Gas Company. 
Mr. McGowan has contributed two articles 
to technical literature: "Electrolysis, the 
Effect of Stray Trolley Currents,” pub¬ 
lished in the Stevens Indicator, and a 
"Remedy for Electrolytic, Damage to 
Mains,” published in Progressive Age. He 
was a member of the National Electric 
Light Association, the Brooklyn Chamber 
of Commerce, the American Gas Association, 
and The American Society of Mechanical 
Engineers. He held membership also in 
the Crescent Athletie-Hamilton Club. 


. Carl Leo Mees (A’03) president emeri¬ 
tus of Rose Polytechnic Institute, Terre 


r 

Haute, Ind., and prominent as a scientist 
and medical authority, died at Terre 
Haute, April 19, 1932. He was bom at 
Columbus, Ohio, May 20, 1863, and in due 
course of time became a student at Ohio 
State University. This schooling was 
amplified by a course at the University of 
Berlin, Germany, with study under the 
eminent physicists, Hermann Helmholtz 
and Gustav Kirchhoff. In further pursuit 
of knowledge, he went to South Kensington, 
England; then, returning to the United 
States and his native city, he entered the 
Starling Medical College at Columbus, 
Ohio, but never practised medicine. In 
1871 as chief chemist he was with the Ohio 
geological survey and state gas co mmissio n, 
.and four years later became professor of 
physics and chemistry at the University of 
Louisville, Ky. From 1881 to 1887 he was 
professor of chemistry and physics of the 
newly organized Ohio University at Athens, 
Ohio, later in 1887 assuming his professor¬ 
ship at Rose Polytechnic Institute as teacher 
of physics and electricity. His presidency 
there extended over the period from 1896 
to 1919, when he resigned the active presi¬ 
dency and became president emeritus. 
Perhaps the best known of Doctor Mees’s 
achievements was the development of a 
process making possible microscopic photo¬ 
graphs of human blood and minute tissues. 

* This process was adopted by the Army and 
Navy research departments, and was em¬ 
ployed nationally in the detection and solu¬ 
tion of crime. He was a Fellow of the 
American Association for the Adv anceme nt 
of Science, of which he was also general 
secretary in 1889 and a vice-president in 
1896; his other memberships inducfed the 
American Physical Society, the Society for 
the Promotion of Engineering Education, 
and the Indiana Academy of Science. He 
was also' an honorary member of the State 
Credit Men’s Association. Doctor Mees 
was the author of many scientific papers 
and contributions to technical literature. 


Harry N. Van Deusbn (A’19, M’30), 
materials engineer for the Bell Telephone 
Laboratories, Inc., New York, N. Y., died 
suddenly May 16, 1932, at the Easton 
Hospital, Easton, Pa. He was bora at 
Columbia, N. J., December 3, 1884, and 
was graduated from Purdue University, 
Lafayette, Ind., in 1907 with the degree of 
B.S. in B.E. In June 1907 he engaged with 
the maintenance department of the Chicago 
Telephone Company (Ill.), where he gained 
a varied experience in central office testing, 
outside testing and installation, and inspec¬ 
tion of central office equipment. March 
1909 he returned to the University of Purdue 
as professor of machine design, remaining 
in this teaching capacity until the end of 
the school term. He then became equip¬ 
ment engineer of the Western Electric 
Company, at Hawthorne, HI., and con¬ 
tinued there until 1912, when he was 
transferred to the engineering department 
of the Company in New York. In 1925 he 
became a member of the technical staff of 
the Bell Telephone Laboratories, Inc., and 
was at the time of his death one of its 
workers in the analytical study of magnetic 
materials, insulating materials, protection 
apparatus and the analysis and testing of 
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an types of telephone apparatus. A resi- 

*2* East Grange, N. J„ f or the past 
twenty years, he was chairman of the 
msulatmg materials committee of the 
Amencan Society for Resting Materials, 
, of tbe Ne ^ York Electrical 
fS y ’ WaS the BeU Tele Ptone Labora- 
representative in the American 
welding Society. 


f H - Hnx (A’04) superintendent 

,^ ectl l cal construction for the New York 
Edison Company, and an employee of that 
company for 42 years, died May 4, 1932 
after a short illness. He was 66 y^s of 
a 5 e - ®°rn m Philadelphia, Pa., Mr. Hill 
Sf* hi t f ectrical career - m 1888,’ as a 
SSL* r hdper with the Philadelphia 
Edision Company. Approximately ten 

Tornnt 1 ^- 116 h * camQ a spacer for the 
Toronto Edison Company. The followine 

year he returned to the United States and 

engaged with the New York Edison Com- 

CwA hen Edison Electric Illuminating 

Company, still as a splicer of cables. From 
then on his promotion was rapid; in 1902 


he was made foreman, a year later being 

veir?^ t ?. general foreman, the next 
year to assistant superintendent of elec- 

C * Struction » md shortly thereafter 

ekctricafn 6 h !if St . hdd * superintendent of 

tit S! T c r on strucri°n. His effort with 
, New York Edison Company was not 

for^ Ct6d ^ Pyre ! y ^artmental activities, 
^ as trough his instrumentality that 
the Edison Company’s Employees’ Asso- 

-i OUnde f *** HiU bd * g P^ced 

m the presidency of that organization. He 
was a member of the Edison Pioneers. 

Eop * George Freeman (A’16) for "more 
than twenty years in charge of the lighting 
power, and signal systems, and the tag 
and installation of simple laboratory 

foy th * U - S- Geological Survey* 

* ashington, D. C., died December 8, 1931 
to word recently forwarded to 

w a ^ U !f erS - Mr - Zeeman was 
born at Washington, D. C., January 27, 

1869, and after public schooling, spent 
three years at George Washington Uni¬ 
versity, Washington, D. C. 


Local Meetings 


• ’ 

♦ 

Grasp of subject. 1A 

Arrangement of material. P °. m * S 

Constructive character of ideas'.'.'.!.' .* .* JJ S 

The three papers receiving the highest 

number of points in this first rating were * 

at the c °uvention, 

ZZZu Judges of the oral presentation 
rated them on the following basis: 

Clarity. . 

Force of expression...... ?? points 

General platform decorum!" .'!!!!!!.* }J JJS 

wefe U iSome?i Pai ? Cipating in the contest 

5 tte nd ad ^ ance regardin g details 
ol the plan to be used; thus all contestants 

knew beforehand upon just what basis their 

SSZ"** be judged. This common 
understanding, together with the fact that 
tile judges were given definite points upon 
which to rate the papers are believed to be 
P f n< r lpal featur es contributing 

ThfnmcT? kt + 6 W0 J kabUit y of tne plan 
The practicability and success of the system 

was demonstrated by the close agreement 
judges ' a]I °! whom worked 


Schenectady and Pittsfield 
Sections Hold Competition 


Student Convention 
Held in New York 

A successful student convention 

t pril 29 ’ 1932 ' at lustitute 
headquarters by the several Branches 
within the territory of the Institute’s New 
? 1 , ght Branclie s participated 
Cnnn^ W TT ? roo ^ yn Polytechnic Institute, 
Cooper Union, Newark College of Engi- 

5^ e - oftbeGityof New York, 
New York University, Pratt Institute, 

SxS r hn^ erSity ’ “ d Ste ™ 3 

The morning session was devoted to 
inspection trips to various nearby points of 
interest. During the afternoon session, a 
talk on Photofilms” was given by Dr 
Johnson O’Connor (A’22) of Stevens 

S te fi^ hich a dinuer was held at 
he Hotel McAlpin. A joint student meet- 

mg and general Section meeting was held 
during the evening. 

The first portion of the evening program 
was devoted to the presentation of three 
studmt papers entered in competition for 
Y ° fk ^ *«° n st udent-paper prizes. 
Thefirst P me of ® 25 went to Russell Buehl 
o f Brooklyn Polytechnic Institute for his 
Pap ?, Frequency Control by Means of 
the Thyratrcm Tube”; second prize of $10 
to E. Oista of Newark College of Engineer¬ 
ing, for his paper "Carrier Current Commu¬ 
nication as a Factor in the Stability of 
Power Systems.” The awards were made 

by a group of prominent New York Section 
engineers. 

o D .u«ng the second portion of the evening 
session. Dr. Frank B. Jewett (F’12 and past- 


JUNE 1932 


president), vice-president, American Tele¬ 
phone and Telegraph Company, New York 

S tzt a S* 0n ‘ ,Wbat the World SxIects 
of the Electrical Engineer.” "Graduates 
of the present period,” said Doctor Jewett 
do not find before them the rosy outlook 
enjoyed by graduates of a few of the pre- 
cedmg years Nevertheless on the baSs 
of my own life-work I believe that a Wri 
path at the start of a professional career is of 
tremendous value as a character b^ildS 
and developer of the best traits.” 

dared^"Thp*™ “fS* Doctor * ewett da - 
dared. The past 60 years’ work has been 

creative; now we have entered into a period 

wftW S f’S objective slightly different 
from that of the penod just passed. There 

W t een S ° maay devd °Pments, and they 
.ri een ^ 0SeCUted 30 hidividually that 
now more &an ever the problem of coordi- 

l°i?. mSPp M of prime importance not 
only within the technical fidd of the elec- 

S? 1 fl e fiT eer ' but also in ^ relation of 
that field to every-day life. Coordination 
inevitably will be the, or one of the, most 
compeUmg problems challenging the elec¬ 
trical engineer in the future.” 

Method op Judging Student Papers 

. F^use of the success of the method used 

hLr 6 ** jurigiug the papers, a 

brief outline of this method is presented 
herewith in the belief that it may be of 
some value to othgT committees facing 
similar problems. Each Branch was al- 
lowe<i to submit one paper for the compe- 
tirion; the written papers then were rated 
mdependently by three judges on the basis 
or the following points: 


Following the plan inaugurated three 

berato^arti^T^ 6 ^ ~ 

Participate m programs, the Sche¬ 
nectady and Pittsfidd Sections held joint 

April 7. 1832,\n<] 
Pittsfield, Aprd 13,1832, for the presenta- 

30 tTifciss 
w^ te fonW UtePaperS ' The P««mn,s 

Schenectady 

SEISES? Pos * s *” »y t- b£»»- 

Incebasing Stability Limit i» < 

^b yS .B.Crar y) Schenectady GbNERATOR S- 

by » A - H - Fo,e y- Httsfield. 

Son rN^ T T BRAY 7x13,53 » TH = PRODUC- 

SchLe^ST ° F LlPB ’ by C - P ‘ 

Pittsfield 

Voltagb Drop Calculations for Long trams, 
^mission Lines, by R. N . Slinger, Schenectady 
"SSFr? ° F Cdrrbnt in Impulsr Circuits 

SSSESSSF 0 "^"- »y 

SSiSSSSSE— F *““- 

LSTbvHTTT ON transmission 
j-inbs, by H. B. Pierce, Pittsfield. 

Startling Starts and Stops—Unusual «Svn. 
chronous Motor Pbrformancb, by C. E 
Kilbourne, Schenectady. y ' 

^J Rbl L CoMMOTATBD Motor, by G. E 
Nonken, Pittsfield. 

Prizes were awarded after consideration 
of the contents of the papers as well as the 
presentation. At the Schenectady meet- 
m g , C. P. Haskins of Schenectady received 
the first prize, and S. R. Pritchard of Sche¬ 
nectady received second prize. The at¬ 
tendance was 250. 

At the Pittsfield meeting, C. E. Kilbourne 
d f? h o^ ctady received the first prize and 
v - Shnger of Schenectady received the 
3e . c °u d P r ^ e - The combined prize, the F. 

W. Peek, Jr., cup, went to the Schenectady 
section who are permanent holders since 
they won it two out of three years. The 
attendance was 175. 
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Future 

Section Meetings 


Connecticut 

. Moulded Plastics, by F. J. Groten, Gent 
Elec. Co. Feb. 16. Att. 66. 

Dallas 

The Coordination of Line and Station 
Design for Lighting Surge Conditions, by A. O. 
Austin, Ohio Brass Co. April 11. Att. 81. 


Detroit-Ann Arbor. June 21—spring frolic. r 

Louisville. June 8—Outdoor recreation meeting. 
Annual election of officers. 

Vancouver. June 6-c-Annual dinner. 


Denver 

Rural Electrification, by C. A. Lory, Colo¬ 
rado Agri. Col. Dinner. April 16. Att. 70. 

Detroit-Ann Arbor r 

Commercial Metering of Electric Energy, 
by A. S. Albright, Detroit Edison Co. April 19. 
Att. 160. 




Section Meetings 


Florida 

Business meeting in Jacksonville, April 14, during 
spring meeting of Florida Engg. Soc., April 14-16. 
Reports by secretary and chairmen of membership 
and student activities committees. Appointment 
of nominating committee. Joint dinner on evening 
of April 14 of Florida Engg. Soc., and A.S.C.E., 
A.S.M.E., and A.I.E.E. Sections and Branches, 
Att. 20. 


Akron 

Inspection trip to the Ohio Edison Company’s 
East Akron substation. The Load Shifting 
Transformers at Salt Springs, by J. H. Foote 
and L. N. Gozinsld. Feb. 9. Att. 45. 

Electric Refrigeration and Air Condition¬ 
ing, by W. M. Timmerman, Genl. Elec. Co. 

The Electrical Industry and Some Problems 
of the Institute, by Dr. C. E. Skinner, pres. 
A.I.E.E., asst, director of engg., Westinghouse 
Elec. & Mfg. Co. April 12. 

Atlanta * 

C. H. Dolan, Eastern Air Transport, and C. R. 
Whittaker, vice-consul, Foochow, China, gave 
talks on the Sino-Japanese situation. Joint 
meeting with A.S.M.E. Sec. March 21. Att. 75. 

Baltimore 

Material Handling, by H. V. Schmidt; Elec¬ 
trical Distribution System, Point Breeze 
Works, by W. A. Halliday; Power House, 
Point*3reezb Works, by E. F. George; all of the 
Western Elec. Co. Films—"New Voice Highways' ’ 
and “Modern Knight." Joint meeting with 
A.S.M.E. Dinner. April 14. Att. 180. 

Boston 

A General Description of the Lackawanna 
Electrification, by, E. L. Moreland, Jackson & 
Moreland. Film—“On the Pathways of Prog¬ 
ress." April 21. Att. 106. 

Chicago 


Fort Wayne 

Reactance in Transformer Design, by J. F. 
Eitman, Genl. Elec. Co.; Transformers With 
Peaked Secondary Voltage Wave, by O. Kiltie, 
Genl. Elec. Co. Demonstrations. April 14. Att. 
40. 


Houston 

Coordination of Line and Station Design 
for Lighting Surge Conditions, by A. O. Austin, 
Ohio Insulator Co. April 15. Att. 28. 

Indianapolis-Lafayette^ 

The Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst, director of 
engg., Westinghouse Elec. & Mfg. Co. Dinner. 
March 31. Att. 96. 

The Corpuscular Theory of Light, the 
Wave Theory of Matter, the New Physics, by 
Prof. C. T. Knipp, Univ. of Ill. Joint meeting 

with Purdue Univ. Branch. April 26. Att. 205. 

* 

Ithaca 

High Spots in the Design of Steam Electric 
Power Plants, by I. E. Moultrop, vice-pres., 
A.I.E.E., Chief Engr., Edison Elec. Ill. Co. of 
Boston. March 9. Att. 50. 


Kansas City 


General Features.of Telegraph Service as 
Used in the Bell Telephone System, by B. A. 
Kahn, Southwestern Bell Tel. Co. April 18. Att. 
48.’ 


Adventures in Science, by E. L. Manning, 
Genl. Elec. Co. ■ Meeting held in cooperation 
with the engineering societies of Kansas City, 
under the auspices of the Electric and Radio Assn. 
April 21. Att. 876. 


Design and Operation op Overhead Lines in 
Relation to Continuity of Service, by F, E. 
Andrews, Pub. Serv. Co. of No. Ill. March 17. 
Att. 115. 

Rates and Rate Makino, by F. E. Kruesi, 
Middle West Utilities Co. April 14. Att. 96. 

Development of the Use of Electricity in 
Steel Mills, by C. J. Smith, Ill. Steel Co. Elec¬ 
tion of officers; L. R, Mapes, chmn.; E. C. 
Williams, vice-chmn.; D, L. Smith, secy.-treas. 
Joint meeting with Western Soc. of Engrs. May 2 
Att.-134, 

Cleveland 

Electric Refrigeration and Domestic Air 
Conditioning, by W. M. Timmerman, Genl. 
Elec. Co. Illus. April 21. Att. 56. 

Columbus 


Lehigh Valley 

Power System Operation, by G. M. Keenan, 
Pa.-N. J. 220 Kv. Interconnection. Inspection 
trip through the Metropolitan Edison Co. Nov. 
13,1931. Att. 124. • 

Electrical Power in the Anthracite Fields 
and Its Application to Coal Mining, by W. H. 
Lesser, Penn Anthracite Mining Co. Inspection 
trip through the new Locust Summit central breaker 
of the Phila. and Reading Coal & Iron Co; Dec. II, 
1931. Att. 122. ' 

Primary Network Distribution Systems, 
by D. K. Blake, Genl. Elec. Co. Jan. 15. Att. 
*76. 

• Research—Industry’s Health Insurance, 
by S. M. Kintner, Westinghouse Elec. & Mfg. Co. 
Joint meeting with the Engrs.’ Club. March 18. 
Att 122. - 


A-C. Networks, byF. W. Marquette, Columbia 
Ry. Pwr. & Lt Co. Jan. 8. Att 36. 

Recent Telephone Research and Its. Applica¬ 
tion, by S. P. Grace, asst vice-pres., Bell Tel. 
Labs., Inc. Joint meeting with the A.S.M.E., 
A.S.C.E., Engrs.* Club, and Electric League of 
Columbus. Jan. 22. Att,. 3485. 

George Washington, Engineer, Business 
Man, and Statesman, by C. T. Marshall, Chief 
Justice Supreme Court, State of Ohio. Joint 
meeting with A.S.C.E., A.S.M.E., Engrs.’ Club, 
in cooperation with George Washington Bicenten¬ 
nial Committee. Feb. 26; 

; Jpw*CT*ie Shock, by Dr. W. B Kouwenhoven, 
JQbflS Hopkins Univ., vice-pres. A.I.E.E. Joint 
meeting with Ohio State Univ. Branch. Dinner 
Ajwil 22. Att. 44. 

3te: ! .v : ■: : ; ':. 


Los Angeles 

_ Radio Interference, by Prof, J. K. McNeely, 
Calif. Inst, of Tech. Dinner. April 12. Att 86. 

Louisville 

.Fundamentals of Plane Construction and 
Flight, by A. W. Lee, Louisville Gas & Elec. Co. 

^ onKh Bowman Field airport. 
April 16. Att. 450. 

Lynn •'■•••• 

. What Are You Afraid of? by Dr. Charles 
Newcomb. Banquet. April 9, Att. 194. 

Madison 

™ Sqbnc ®» M. W. Hanks, 
Hankscraft Co. Dinner. April 20.- Att. 65. 


Memphis 

Dredging Operations From the Time op the 
Civil War Up to the Present Date, by Major 
H. S. Gladfelter. April 12. Att. 33. 

Mexico 

Thermodynamic 'Considerations on the 
Modern Steam Turdinb, by G. A. Schulcnhurg, 
A. E. G. Co. Dinner. March 17. Att. 28. 

J. Herandez Olmedo described the organization 
and systems used by the National Telegraphs. 
Illus. Dinner. April 14. Att. 31. 

Milwaukee 

'Television, by Sam Snead, Univ. of Wis. 
Joint meeting with the Engrs. Soc. of Milwaukee. 
Dinner. March 23. Att. 450. 

Minnesota 

Demonstration and lecture by S. P. Grace, asst, 
vice-pres. Bell Tel. Labs., Inc. Joint meeting 
with the Univ. of Minn. Branch. April 14. Att. 
5000. 

Montana- 

Light and Illumination, by Prof. J. A. Thaler 
and Prof. F. C. Bowman, Mont. State Col. Joint 
meeting with Montana Soc. of Engrs. April 11. 
Att. 60. 

Nebraska 

Lighting and Its Relation to Electric 
Apparatus, by Dr. C. L. Fortcscue, Westinghouse 
Elec. & Mfg. Co. Dinner. March 18. Att. 80. 

New York 

Recent Developments in Radio Broadcast¬ 
ing, by R. L. Davis, Westinghouse Elec. & Mfg. 
Co., and E. W. Wallace, Am. Tel. & Tel. Co. 
March 15. Att. 300. 

Regulation of Power Flow Between Inter¬ 
connected Systems, by H. L. Melvin, Elec. 
Bond & Share Co., and J. B. McClure, Genl. Elec. 
Co. April 15. Att. 325. 

Electric Locomotives on the Pennsylvania. 
by J. V. B. Duer, Penn. R.R. April 19. Att. 425. 

Niagara Frontier 

Nominating committee meeting. March 28. 
Surge Proof Power Transformers, by H. V. 
Putman, Westinghouse Elec. 8c Mfg. Cp. Illus. 
Election of officers: F. S. Wahl, chmn.; J. F. 
Oehler, secy.-treas. Dinner. April 16. Att. 90. 

North Carolina 

Spring meeting opened with address of welcome 
by Mr. House, Univ. of No. Carolina, Valuation 
for Rate Making, by R. O. Self, No. Carolinu 
Corp. Comm.; Arc Welding as Applied to 
Manufacturing Processes, Covering Both 
Machinery and Buildinos, by C. I. MacGuffie, 
Genl. Elec. Co.; Surob Proof Distribution 
Transformers, by H. D. West, Westinghouse 
Elec. & Mfg. Co.; Illumination for the Future, 
by R. A. Palmer, Southern Pub. Utilities Co. 
Illus. Short talk by W. S. Lee, past-pres., A.I. 
E.E., pres. W. S. Lee Engg. Corp. Dinner. April 
5. Att. 180. 

Oklahoma City 

Vertical Transportation, by R. W. Van Kirk, 
Genl. Elec. Co. Discussion. March 21. Att. 
60. 

The Coordination of Line and Station De¬ 
sign for Lightning Surge Conditions, by A. O. 
Austin, Ohio Insulator Co. Dinner. April 21. 
Att. 90. 

Adventures in Science, by R. E. Manning, 
Genl. Elec. Co. Demonstrations. April 26. Att. 
1430. 

Philadelphia 

The Engineer's Professional Status, by 
Dr. W. E. Wickenden, Case Scb. of Ap. Sc. March 
14, Att. 210. 

The Institute and the Electrical Industry— 
What of Their Future? by Dr. C. E. Skinner, 
pres, A.I.E.E., asst, director of engg., Westinghouse 
Elec. & Mfg. Co.; Public Interest in Science, 
by Fred F. Shedd, managing editor, Phila. Eve¬ 
ning Bulletin. April 11. Att. 160. 

Pittsburgh 

The Electrical Industry of Today, by Dr. 

C. E. Skinner, pres. A.I.E.E., asst, director of 
engg., Westinghouse Elec. & Mfg. Co.; How to 
Interest the Public in Engineering News, 
by Mark Shields, Pittsburgh Sun-Telegraph; 
Rambling With Rbichhold, by Ralph Reichhold, 
Pittsburgh Press artist; Elbctrifyino a Spe¬ 
cialty; Jay Dr. Charles Wales; Joint meeting with 
the Engrs. Soc. of Western Penn., and Carnegie 

Electrical Engineering 
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Wesi Virginia' 23 v - o£ and Univ - of 

Pittsburgh-/^ 011 ®®* Jan12 * Att. 340. 
VBLO P J ENT h i ConTWBOTIOH TO Rad 10 De- 

Etec. Sj j^fg Kl . ntner .. Westinghouse 

Wester: p e n n Co - Joint meeting with Engr. Soc. of 

eonventio^oTt^f^S.^ffi" !£&—- 

Pittsfield 

byDr” S S R r w?n- ANl > Theory op Magnetism 

Amherst Col E. G. Newton 

the Section durin^. r -,^ res &TXt ^P: s the be ® t P. a Per before 
110. HOa aur »ng 1831. JDinner. April 22. Att! 

Portland » 

Westrn K t^iS°Ei^^^ s ^? R:, ^ >R8 ’ by A * W - G °P>ey. 

April 12 Att S 2 & * V,ce -P res - A.I.E.E. 

Providence 

Systbms Which Compromise 

by A. A. Clokey - 1 j££t -rvi c?" J'’' 11 ™ 011 *. 

tions. April 20. ’ ° emonstra - 

Rochester 

J«!?7£ HA Xt?*eo7 CX * SYS * rJB;MS ' byA - E.Soderholm. 

b v I Wm i Wn^°«J BRN Radi ° Station Functions, 
Mr Vin~«t M 1 ^ UAX ' 'Fisr-rcriroNB Practise, by 

cvp. v, SS,T d 1 * 

Mm W A^ 1 * 8 . i " Mbt «°ds OH- Inphstwal Dkvblop- 
by r>r Tr n op- iNimsTRUL Research, 

l i ™ l J , wett ’ vice-pres., Am. Tel. & Tel Co 

m’T s 1 ) 3 R Tel -, Lab «- Inc - »-£*£& 

28. Atlrioo r * Bel1 l cl Labs., Inc, March 

T l . l m™ A n PUCATION OP EisraiNilBRiNO Principles 
U r I ‘ 5 <nrr P ^ OI ? U< ^i ONr OIf Artificial Fever, by 

St. Louis 

Heating and Overload Protection op Polv- 

™T ^F, 0 ™* 8 ’ b r C5. I>. hotter, Wagner Elec. 
S°rp. Election of officers: 1?. B. Wipperman 

April a ) . E A?i: , 8 «. 0 *‘' OI,m "' ; s - L - Hi ‘ y “ d: 

San Antonio 

M ‘ r ‘ n “ Coordination of Line and Station De- 
WON FOR LicUTNINO SURGE CONDITIONS, by A. O 

Att O, 110 InSUlatOr C °* I,lua * Dinner April 
San Francisco 

M.2SJ2r B ?" ELBOTfi f CAI ' Measurement of 
5n Sr r Intervals, by Wm. McLeod, Univ, 
ofLalif.j Influence ok Coistoxictor Temperature 
on Corona Loss, by A.. 1C. 1ST tit tall, Stanford Univ.; 

This Application of the Inverted Vacuum Tube 
to tub Measurement* of Voltages, by L W 
Thorpe and R. Sheridan, TTniv. of Santa Clara 
Joint meeting with the ^niv. of Calif., .Stanford 
Univ,, and Umv. of Santa Clara Branches. First 
prireof one yeur-s dues £*1 the Institute was awarded 
Mt'ii ' rh ° rpe ' Univ - of ®axxta Clam. April IB. 

Saskatchewan 

rJ'° 0P r? Y8TBMS Transmission for 

Uriian Districts, by W. Dubois, Dominion 

Klee. l‘wr Ltd., and E. W. ^nll. supt. of light and 
power of Regina. Feb. 6. A.tt. 31. 

Lullies’ Night. April 22. Att. 52. 

Schenectady 

Seven members of the staff of the Genl. Elec Co 
spoke on the subject of noise measurement and 
reduction. Joint meeting witlx the A.S.M E Sec 
March 3. Att. 225. 

The Locomotives or* the Future by A 
Anx- Locomotive Co Joint meeting with 
A.S.M.E. Sec. March 24. Att. 200. 


Springfield 

Hans Passbmg, chmn L r < f le f, tlon ? f office «: 
Toronto 

house Elec. & mW r„- 7 ' .Westing- 

a TSS‘- &L* c “^* “ Sl £““«• *« h 

Lawf?H a 2f m H 7 HB J CANADrAN Arctic, by 

I. M. Maclean, ehma-fTS' ThSon” ° f “‘J"* 

April 20. Att. 100. Thomson - secy.-treas. 

Urbana 

^ s r3 UTB ^ the Electrical Industry- 
by Dr - C - E SWnner. 
Elec &m?:* a £- dU r^ to / 0f en ?*- Westinghouse 
Univ and meetm S with Purdue 

A t “ i 6 “ R 86 P ° ly - Inst - Branches. April 2. 

Utah 

P £*§? L ° C S 2 S: utab 

,, Tiib Development of Utah hv a n 
March 30. Att. 45. ’ “ y A * B ‘ Youn «- 

Vancouver 

Systems C hv *71 ^? CBGBAR *>r A-C. Power 
Ulus. ApSl4 An*£””• G “ h E '“' C<> ' 

oS£ , s , ' , A / ^trSo b,I " M - M ° n ‘ >n ’ 


Worcester 

0 ^iS c cg*^ 5 .° . Tr^ H - “ Cb*««. 

e- * ». 

Recent Development in the Application «» 
MOTOR DaiVBS in THE PAPER, TEXTILE 

and F* D^n 1 * 7 OQ m' tNDUSTKIB S, by H. F. fianan 
and F. D. Snyder, Westinghouse Elec & Mfv Co 
Dinner. April 14 . Att. 60. g ' °' 



Seattle 

Joint meeting with the Uni v . 0 f Wash. Branch, 
“t which the following: papers were presented by 
students: Mbasorbmbnt oh- Harmonics by 

Means of Vacuum Tubbs, by R. m. Boyle- 
Maonbtization Curvn _ Magnetic Pull 

Method, by M. Boucfc; VK.o C i Ty Aspects of the 
Electric Fiourbs, by Arthur Kramer. April 19. 
Att. 80. 

Sharon 


A Pkrsonal Tour ok Eur 0 p BAn Power Sta- 
ons. bv Fbilip Sporzx, - A ® 1 * Gas & She. C6. 

is. Aft . 125 , 


UJ 4 T »>«F W — 1 

Film —“Behind the Lines. 

June 1932 
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University of Akron 

The Progress of Radio, by John Chenot 
student; Refrigeration, by R A Orhpr’ 
student. Dee. 9,1031. Att. 15. 0tChaC ' 

c^a ZBPPBL 1N Akron * by J- c - Kessler, student; 
Some Applications of the Photoelectric Cell, 

Marcht itn ntZ ’ 8tudent Demonstrations. 

J - . T - Walther, counselor, outlined the 
activities of the A.I.E.E, Frank Mardnkosld, 
® b “ n -» reported on the student convention held 
at Haverford Col, April 22. Att. 10. 

Alabama Polytechnic Institute 

Ornamental Forestry, by Mr. Evans, Alabama 
Pwr. Co. Aprill4. Att. 19. 
u Yalub ot Belonging to the A.I.E.E.. 
by Prof. W. W. Hill, counselor. April 21. Att 10 
Muscle Shoals, by . R, Roberts. April '28.' 

Att. 7.. * 

Entertainment. May 5. Att. 42. 

University of Alabama 
Business meeting. April 11. Att. 24 . 

Principle of Uncertainty, by Dr. B A 
Wooten. Election of officers: W. R. Pui-cell 
chmn. > _ John Marshall, vice-pres.; E. L. Appoloni! 
secy.; J. Del Coliana, traps. April25. Att. 45. 

University of Arizona 

. 'D® H®co“>ino of Sound for Sound Pictures 
by J. W. Jones, student. April 1. Att. 9; 

The Reproduction of Sound in Sound Pic- 
TtJRBS, by H. E. Stewart, student. April 8. Att. 7. 


&bbd Control by Electron Tubbs of Sound 
Picture Projectors, by R. H. Carson, student; 

bvDr Electron Physics, 

oy Dr. E. H. Warner. Dinner. April 15. Att. 7. 

University of Arkansas * 

Electrical Distribution, by H. H. Lewis 

student* S" 0 ° BNE ^ rORS - h V L - F - WiMaips.’ 
student. Eiection of 9flScers: L. C. Wasson 

sS^ P H ? h St0ne> v ' ce ' c hmn.; C. L. Mowery,’ 
secy., p. h. Johnson, treas. April 11. Att. 24. 

Bucknell University 

Discussion. March 21. Att. 10 

SHIP * by J « hn Ba rton, student. 

EveritJ 1 ^!? 1 ? [ 'a JT; ‘ eIected secy.-treas., and J. A. 
Eventt, elected vice-pres. April 18. Att. 18 

on^?™ A q° N Mba ® tobments by Oscillograph 
R ^ f TA ?° N WPSC. by D. H. Smith and 

?«”$! Zf-JZ —i 

California Institute of Technology 

Some Recent Developments in TSlePhonb 
Communication, by C. A. Wells. Southern CaHf 
Edison Co.. Ltd. April 15. Att. 18 

University of California 

TRS GI bv E T°w 1P ° RTOim ? BS « Foreign Coun- 
ries, by R. W. Shoemaker. C. Van Camn 
student described the work being done £ The 
phys^ dept. with high velocity protons. April 12? 

Carnegie Institute of Technology 
Smoker. April 22. Att. 59. 
n HB jy° RK 0If A Control Engineer by A C 

o D £s E, W Sr Co - Action of 

chmn H ff xr J , ’ 1 Chmn - ; R - S - Fis h, vice- 

May 4. A«.S. * SeCy ' : S - J • HyIe * 

Case School of Applied Science * 

Election of officers: N. T. Dennis. vice-pres.* 

Att. 40 Jenner ’ SeCy ' : C< L - Pantur , treas. May 4.’ 

Catholic University of America 

Modern BM TeS^ RONT o ° THB Enginbb *S OF 

.Telephone Companies, by Francis 
M jSi w p “ kt & P0t,> "’" ,W Co. Apri? 

Clarkson CoUege of Technology 
Demonstrations and luncheon. Guests of the 

Science Club of St. Lawrence Univ. A$i 5 !«. 

Motion pictures. April 18. Att 47 
Election of officers: B. Zimbee, chmn • T Sulli 

van, secy.; W. Harper, treas. AprilAtt £ 

Clemson Agricultural College 

Enctnebrino Features op Three Power 
Locomotives, by J. L. O. Foster, student- St^m 
vs. Electricity for Driving Power Station 
Auxiliaries, by H. A. Clayton, student 

JS *£%*• br S - «• 

Experiences With Conowingo 
. ° P ^ NT ’ by A" McCall, student- Tape 

Armored. Telephone Toll Cable, by t“M Wat! 

l^tor^ A M c r NA ^ 1»S£: 

Att 17. y H ' M ‘ Rogers * stude nL March 17. 

TEMS^by 0 W B< W° N riJ EL8CTRIC Powbr Sys- 
tems, by W. W. Dickson, student- A 

|°^f R Hgusb . ^ F - H. Williams, ’studeit A 

^ * H ° i * t ' 

University of Colorado 

Election of officers: S. W. Hannah, pres • A E 
Logan, vice-pres.; J. S. Kenyon, secy • * e" C 
Sparrow, treas. April 6. Att. 20. ' E- C. 

_ Prof. M. S. Coover outlined the activities at 
the summer convention heM last June. April 20. 

om T ™. A w™ op D«ctricity to Mining v 
on THE Witwatbrsrand, by E. A. Faber- A 
Study of Rectifier Filter Systems TT«twn ri. 
Communication Systems, by F. Wickenkamo 
Univ, of Wyoming; Applications of Non-Linea** 
C,,o„„, „ Epbotrical e»o m.™-So’SSf 
? y W - Cooper and T. M. Austin, Univ of Colo • 

^E O^otf “t? IAMA ! N ? i riSM ’ by B - R - 
, a • l£ - Dlcott, Umv, of Denver 

with the Denver Sec., and students “f 

De “ Yer ; Colo. School of Mines, Colo Aari ’ Col * 

and Umv. of Wyoming. April 29. Att ^ ‘ 
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University of Denver 

Experiences as a Copper Metallurgist in 
Crilb, by Carol Craven. IUus. April 8. Att. 28. 
Annual conference on student activities of 
v District No. 6. April 15-18. 

Drexel Institute 

Btffdents attended t£e student Branch conven¬ 
tion held at Haverford Col„ March 14. 

Insulator String Potentiometers, by A. F. 
Werner, student. March 16. Att. 17. r 

Duke University 

History op Electricity, by T. Finger, student 
April 28. Att. 13. 

University of Florida 

Problems Facing a Young Engineer and the 
Qualifications He Can Offer, by Mr. Gariington, 
Florida Pwr. Corp. April 20. Att. 55. 

Election of officers: G. W. Hostettler, chain.; 
J. E. Caraballo, vice-chmn.; E. A. Barnes, secy.- 
treas. May 2. Att. 15. 

Georgia School of Technology 

Inspection trip through the Southern Bell Tel. & 
Tel. Co. April 19. Att 52. 

Harvard University 

Audible Light, by J. B. Taylor, GenL Elec. Co. 
April 18. Att. 350. 

University of Idaffo 

Banquet at which Prof. R. H. Hull gave a talk 
on electric railways. Nov. 24,1931. Att 21. 

Banquet and talk on electric refrigeration. Dec. 
16. Att. 26. 

Some Developments in Talking Pictures, 
by K. P. Kenworthy, Univ. of Idaho; The Cali¬ 
bration of a Dynatron Oscillator From 
Broadcast Harmonics, by Melvin Herr, Wash. 
State Col.; Power Systbm Frequency Control, 
by Clarence Cannon, Wash. Water Pwr. Co. 
Joint meeting with Spokane Sec. and Wash. State 
Col. Branch. vMarch 25. Att. 65. 

Stocks and Bonds, by Dean Farmer. April 19. 
Att. 18. 

University of Illinois 

Electrical engineering show. March 31-April 

1 - 2 . 

Business meeting. April 13. Att. 20. 

The Manufacture of Impregnated Paper 
Cables, by R. J. Wiseman, Okonite Callender 
Cable Co. April 27. Att. 175. 

MusSle Shoals, by D. B. Allabough, student. 
May 3. Att. 25. 

Iowa State College 

The Electrical Industry of Today, by Dr. 
C. E. Skinner, pres. A.I.B.E., asst, director of engg., 
Westinghouse Elec. & Mfg. Co. March 24. Att. 
160. 

Banquet. April 15. Att. 170. 

' University of Iowa 

Improvement of the Upper Mississippi River 
and Its Relation to Transportation, by Col. 
G. E. Edgerton. April 13. Att. 124. 

Tkyratron Tubbs and Their Uses, by L. F. 
Balluff, student; Electrostatic and Magnetic 
Systems of Units, by J. E. Weyland, student. 
April 20. Att. 35. 

Mr. Fortier, Northwestern Bell Tel. Co., gave a 
demonstration of the dial telephone system. April 
27. Att. 44. 

Synchronous Motors and Their Adaptability, 
by C. A. Bartholow, student; New Type of 
Hoist and Crane, by L. E. Travis, student 
May 4. Att. 31. 

Kansas State College 

The Telephone as a Business, by Bob Gray, 
United Tel. Co. April 7, Att. 60. 

University of Kansas 
Banquet. April 8. Att. 140. 

Television, by C. B. Brown, First Natl. Tele¬ 
vision, Inc. April 14. Att. 46. 

Characteristics of Transformer Oil, by L. 
Sharp and J. D. Swafford, Univ. of Kansas; 
RtrasiA, by J. C. Bradley, Kansas State Col.; 
Quality Comparison Between Problems in 
Enginbbrino and Problems in Psychology, 
by Prof. R. H. Wheeler, Univ. of Kansas; Applica¬ 
tion of Weston Photronic Cell to Sound on 
Film Reproduction, by L. Farber and H. tanning, 
Univ. of Kansas. Joint meeting with TTanp^ ff 
St. Col. Branch. May 5. Att. 100. 

University of Kentucky 

. A Brief Study of the Vacuum Tube, by W. A. 
Hunter, student Feb. 10. Att. 40. 


The Mercury Arc Rectifier, by Prof. E. r A. 
Bureau. March 23. Att 36. 

Lafayette College 

Prof. L. J. Conover nominated for counselor. 
April 29. Att. 20. C 

Armature Windings, by K. T. Sutton, student; 
The, History, Types, and Applications of the 
Photoelectric Cell, by M. Ziev, student. May 
5. Att. 20. 

Lehigh University 

Mercury Vapor Rectifiers, by G. M. Kaleda, 
student; Direct C&rrbnt Transmission, by 
Prof. S. S. Seyfert. Election of officers; B. D. 
Beach, pres.; C. W. Cooper, vice-pres.; Wni. D. 
Hickman, secy.; J. R. Fritz, treas. May 5. Att. 
30. 

Lewis Institute 

Romance of Metals and Metal Separation, 
by Dr. P. B. Woodworth. May 5. Att. 185. 

University of Louisville 

Phase Advancers, by E. B. Wagner, student; 
Advances in Railroad Electrification—Es¬ 
pecially European, by Mr. Kimball, student. 
April 22. Att. 14. 

University of Maine 

Electric Transportation, by L. Randall; 
Control Devices, by R. C. Brooks; Research 
and X-Ray Apparatus, by H. Poland; Radio, 
by B. Wood; Lighting, by E. Adams; Switch¬ 
gear, by W. S. Davis; Marine Equipment, 
by L. Barrett; all students. April 14. Att. 15. 

Election of officers: J. P. Gonzals, chmn.; Gerald 
Frost, vice-chmn.; John P. Scott, secy.; F. E. 
Neal, treas. April 26. Att. 9. 

Marquette University r 

Election of officers; H. A. Koepp, chmn.; C. M. 
Warver, secy. April 7. Att. 36. 

Business meeting* April 26. 

Michigan College of Mining and Technology 

Electro-Metallurgy, by F. Tolonen. Film— 
“Construction of Welded Pipe.” April 8. Att. 
15. 

Michigan State College 

Election of officers: W. C. Wright, chmn.; 
G. H. Kempfer, vice-chmn.; M. L. Johnson, secy. 
April 26. Att. 26. 

University of Michigan 

The Job Ahead, by T. N. Lacy, Mich. Bell Tel. 
Co., vice-pres. A.I.E.E.; Benjamin Franklin, 
by Prof. B. F. Bailey; The Wind Line Investiga¬ 
tion,. by Prof. W. G. Dow. Dinner. Inspection 
trips. Joint meeting with students of Detroit 
Inst, of Tech., Michigan St. Col., and Univ. of 
Detroit. April 28. Att. 170. 

School of Engineering of Milwaukee 

The Value of Research in Engineering, 
by H. L. Greusel, student; Cathode Ray Oscillo¬ 
graph, by L. J. Killian and E. S. Priem, students. 
Demonstration. April 13. Att. 84. 

University of Minnesota 

Discussion and motion pictures. April 5. Att. 
18. 

Inspection trip. April 21. Att. 95. 

Missouri School of Mines and Metallurgy 
Motion pictures. April 15. Att. M5. 

Montana State College 

Organization and Duties of the A.I.E.E., 
by Dean H. V. Carpenter, State Col. of Wash., 
vice-pres. A.I.E.E. Luncheon. Feb. 25. Att. 
105. 

New Types of Photoelectric Cells, by M. T. 
Severud, student; Communication With Light, 
by J. O. Laird, Student; Flathead Power De¬ 
velopment at Polson, by E. Rothfus, student. 
Rudolph Stoken elected chmn. March 3, Att. 
93. * 

From Apprentice Boy to Immortal, by J. 
Norlin; Effects of Ultra-Violet Radiation 
Upon the Eye, by R. Wyman; The Telephone 
Spans the Pacific, by C. Anderson; Insulation 
Materials, by H. A. Beck; 1931 Accomplish¬ 
ments in Telephone Field, by E. Blanchard; 
Electrical Apparatus for Trolley Buses, 
by D. A. Nauck; all students. April 14, Att. 
82. 

Guiding Planes by Radio, by V. Bauer; 
Distributing Programs in the Waldorf-As¬ 
toria, by J, W. Cromer; Automatic Voltage 
Regulation for Master Oscillator, by R. V. 
Dean; Cable Service Uninterrupted Though 


f 

Channel Is Dredged, by L. Eisele; Street 
Lighting at Intersections, by M. Hild en; 
Electric Drive for Plant Auxiliaries, by 
J. G. Lightfoot; all students. March 31. Att 
86 . 

Operating Economies of Diesel Electric 
Locomotives, by C.*L. Grebe; “Dead Spots” 
and How to Curb Them in Receivers, by J. D. 
Mathews; Interconnection of Electric Power 
Systems, by E. Rothfus; New Parking Device, 
by C. Schmitz; Some History of the Modern 
Telephone, by R. Stokan; all students. Victor 
Bauer elected secy .-treas. and J. Lightfoot elected 
vice-chmn. April 18. Att. 87. 
r THB Boulder Dam Project, by L. Estey; 
D-C. Electric Coil Turn Counter, by E. Fisher; 
Electric Hotbeds, by V. Hankins; The Reli¬ 
ability of the Electron Tubbs in Electric 
Service, by C. Hanson; all students. April 21. 
Att. 80. 

Synchronous Electric Time Service, by R. 
Macdonald; Why Do Power Companies Plant 
Trees? by E. Dolum; Electrical Cooking 
Demonstrations, by P. B. McAdam; The 
Photomic Cell, by J. Joyce; Easy to Test 
Ground Circuit, by G. Misevic; Storage Bat¬ 
tery Trucks for Short Haul Transportation, 
by E. Hughes; all students. May 5. Att. 83. 

University of Nebraska 

Discussion and demonstrations on transients, 
by Prof. L. A. Bingham and Mr. Bollman. April 
27. Att. 43. 

Newark College of Engineering 

Welding, by S. Fishman. Election of officers: 
J. G. Woehling, pres.; A. E. Day, vice-pres.; 
L. Kufyniak, treas. April 18. Att. 25. 

University of New Mexico 

The X-Ray and Its Development, by Harold 
Deck, Genl. Elec. Co. May 5. Att. 25. 

New York University 

Election of officers: Wm. J. Sutton, chmn.; 
C. E. Hutchinson, secy. April 19. Att. 16. 

North Carolina State College 

Election of officers: L. G. Atkinson, chmn.; 
W. C. Cheatham, vice-chmn.; Joseph Salem, secy.- 
treas. April 19. Att. 31. <* 

Diesel Engine Features, by Prof. W. J. 
Dana; Recent Electrical Inventions, by C. M. 
Smith, student. May 3. Att. 16. 

University of North Carolina 

Election of officers: F. S. Black, chmn.; G. R. 
Mamin, vice-chmn.; G. E. Hunter, secy.; T. C. 
Evans, Jr., treas. New Corpuscular Theory 
of Radiant Energy (or Light), by Dr. E. K. 
Plyler. May 3. Att. 60. 

North Dakota State College 

Election of officers: L. Schweha, chmn.; R. 
Netherland, vice-chmn.; Vance Schneider, secy.- 
treas. April 9. Att. 23. 

University of North Dakota 

Radio Receivers, Advantages of the Super¬ 
heterodyne, by A. Stratmoen, student; Ultra 
High Frequency Radio, by R. C. Moore, student. 
April 13. Att. 15. 

University of Notre Dame 

New Developments in Telephony, by J. A. 
Barkson, Amer. Tel. & Tel. Co. Joint meeting 
with Engrs.’ Club. April 4. Att. 129. 

Electrons at Work and at Play, by Dr. 
Phillip Thomas, Westinghouse Elec. & Mfg. Co. 
April 12. Att. 550. 

Radio in General, by P. A. Darmody, student; ' 
Standard Dielectric Test for Sheet Insulat¬ 
ing Materials, by R. V. Bugni, student; V. E. 
Plante, Allis-Chalmers Mfg. Co., gave a talk on 
synchronous condensers and synchronous machines 
in general. Mr, Scanlon, student, presented 
the usual engineering digest. April 18. Att. 56. 

Ohio Northern University 

Election of officers: Donald Pees, pres.; Bernard 
Hauber, vice-pres.; Edgar Wagner, secy.; C. 
Williams, treas. April 7. Att. 26. 

Ohio State University 
Discussion. April 6. Att. 18. 

The Electric Shock, by Dr. W. B. Kouwen- 
hoven, Johns Hopkins Univ., vice-pres. A.I.E.E. 
Joint meeting with Columbus Sec. April 22. 
Att. 36. . . - 

Ohio University 

The Use of the F-P54 Pliotron in the Mba- 
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SURBMENTOP X-RAY ABSORPTION COEFFICIENTS, 
by J. E. Edwards, student. April 20. Att. 12. 
Oklahoma A. & M. College 

AND UsE op Metallic Dia- 
by Guy Reiser, student; Gyroscopic 

Sar r«.^r* amK “"* p - *** 

stafcm ■ . L,oh i t " ho . by T. Hutchinson, 

student Mercury Arc Jet Rectifiers, by Lynn 

Trimhif Ud ^ nt ’ E, ® ction of officers: WillteS 
Trimble, chmn.; J. R. Hollis, vice-chmn • F 
Zook. secy. April 26. Att. 20. ’ 

University of Oklahoma 

Discussion. Feb. 18. Att. 20. 

Irf a^.i?!^ LOPMEN 7 S OP Radi °- Particularly 

Storage h C J^ C ^ ATI0N ON THE Parallel 
surface, by H. Moody, student. April 14. Att. 

Oregon State College 

n R ^ CBNT Trbnds in Electric Apparatus 

£STg'XV 7 ^ W - 0>Pl * lr ' W«inX°= 

£5 bv C F q •’ V ‘ Ce ' pr “; A.I.B.B. Hoover 
11 Att. ?a Sert ’ Padfic Bridffe Co - April 

Pennsylvania State College 

FUNDAMBNTitLS OP TELEVISION, by Prof. E B 
Stabely. Demonstrations. April U* Att. lOa 
Pratt Institute 

Step by Step Machine Switching Dial Tulw 

2S2 b)r *•1- sSKS; 

go^Swrrormo Aotouat.c Tiummi 
systems, by E. F. Zawachi, student: Operatiow 

MaS^To 11 SWITCH as Usbd » Step by Step 
Machi^ Switching Dial Telephone Equip- 

mbnt, by K. D. Porter, student: ELBCTurrci 
^otmbnt in an Industrial Plant, by A 
Tiffany, student. April 14. Att. 26. 7 

Purdue University 

Epfects of Frequency in Communication, 

Att. 4a Indiana Bell Tel. Co. April 12. 

bJr Dr - M - A - »-*-• 

A 

Rhode Island State College 

A„ri™ 0 ^ , 5r oN ’ Wa ‘ T ' by g - *• Nia »'A 

Q B ’ G ‘ I- 4 ®* 118 , by J. Costanza, student; C P 
Steinmetz. by Wm. Daly. student. April 21.’ 


UrSversity of South Dakota 

officers: L. Johnson, chmn.; W 

n Vrii 

University of Southern Califoitoia 
Discussion. April 6. Att. 18. 

Beach party. April 20. Att. 84 

Southern Methodist University 

2»aspr&si brTw: s r“ ; 

Rb £ ent Developments in Radk> 

3£t b AtL*80. amSey ^ J - N ‘ W'-JES 

Engineers Day. Over 2,000 visitors. March 18 
^qualification and the Lotot kZih 
smLE Bidder,- by J. Wallace Emery, $3££ 

° E CS ™ AND Details of Turbine^Oveiiiliul' 
by E.W. Garrett, student. ^ pr il5. Att. 18 

Stevens Institute of Technology 

br w -™ “»• 

R? D ni MP ? RT f ,CE °* Mathematics, by Prof 
Sm o tr d w Lanche0n . April 12. Att. 35 
A „ S “° k “' What an Engineer Should Know 

tyZ £“5™ ”S V, S. 

•rat g£^5r , .?tt assy 


Syracuse University 

S^'sssrsg&x 

by °°™ «£JS“aS! 

25 In Att Cti 2T triP tQ ** Sol " ,y sub *ation. Aprii 

rJiT*? 1 ? Bioh J ino > Pro-Set Boards, by t T 
Kelly, student. April 29. Att. 20. y 


Rice Institute 

28. DI AttS ° f P,anS f ° r engineers ’ show - March 
Discussion. April 20. Att. 21. 

Rutgers University 

An Investigation of Leakage Flux of Trans 
formers, by F. P. Fisher, student. Aptf mTaE 

University of Santa Clara 

Business meeting. March 18. Att 30 
Inspection trip. April 7. Att. 49 
*meetinff with San Francisco Sec., and Univ 
o> Calif, and Stanford Univ. Branches fSee 
report under “Past Section Meetings.") ( 
Etection of officers: J. Russell, chmn.; J. A. 

University of South Carolina 

H^lSt^V®^*' u A - R ” Urt » uhart * <*mn.; 
tt. G. Smith, Jr., vice-chmn.; E. C. Sallev secv 

treas. March 3. Att. 34. ° a,ley ' secy.- 

Oil Electric Car in Mixed Train Service 

X-Ray Kv^H*' n ent; . Latbst Miracles of the 
Howard, student; Water for 
Chicago s Growing Populace, by J. J Duffie 
student. April 14. Att. 33. / 1 

7 I f HL p Y t^m NTR a L e P u »“ bnt at Saluda Dam, 
21. Att ^oi ’ Associated Gas & Elec. Co. April 

Att n 40 CC4i ° n tliP t0 th * SaIuda Dam ' A P ri l 28. 

South Dakota State School of Mines 

Harold Hayes, student, outlined his experiences 
while employed by the Northwestern Bell Tel. Co 
Efn X^’u S ^ den ,l' described the inspection 
Att 22* ° Ugl1 thC HomestaIce Mine. April 12. 

Harold Fry, chmn., gave a rdsumd of the con- 
femice on student activities of District No 6 
held m Denver. April 19. Att. 40 ^ ’ 


University of Tennessee 

Discussion. Jan. 14. Atf.34. 

CoSn° n 0f0 5 Cers: M. G. Toole, chmn.; L G 
Goclcnll, vice-chmn ■ H W V 

March 31. Att. 31. ’ Gause ’ Jr > s ecy.-treas. 

Advantages of the A.I.E.E., by Prof T r 
Tarboux, counselor. April 13. Att. 62. 

Texas A. & College 

Tub Dbsign of High VoLTAn* t tm»o a .. 
Lighting Surges, by A O A°ainst 

Talk by Col H <? l ‘ Austm > Ohio Brass Co. 
14 Att. 36. ’ PreS * A S C - E - A PriI 

University of Texas 

in n I n, THE Elect **cal Industry 

Clayton and H. P Allen 
Of the Genl. Elec. Co. March 23 Att. 63 ' 

April S ?9 LA Ttt. 62 A< °- AuStin ' ° hi0 Bra “ Co. 

bp 

University o| Utah 

£7{ s. Kettleman. 

ian j^wr. « Lt. Co. Election of officers: Prank 
Carman, chmn.; G. E. Bossard. rice-ewT 
Simon Ramo, secy.-treas. April 27. Att. 30 . 

University of Vermont 

The Magnetic Properties of Compress™ 
Powdered Iron, by F. p. Kenyon, student 

U YDI aS B W BD lR0N ' by Pr ° f - Aprii 

Virginia Military Institute 

l„tt E t I> J? V - BI ' opmbnt OIr Caseous Tube Lighting 
by H. J. (Jeiger; The Magnetic Compass bv T h’ 

sggL sl ? ow “ 

electric Lines, by W. C. Landis; Vacuum Tubbs 

Z by J -J' Meek '> THB 

Around Niagara Falls, bv S t s 

all students. April 9 “it 51 Mer ^bagen; 

mS H bv R°C U <L^ B r £ x % lCTS op thb College 
Z* A ^’ H. C. Saunders; Teletype Communica- 
tojn, by P, C. Wooters; Plane Dispatching on 
the Bro Airlines, by W. W. Holt; Elb^icito 
in AovBRnsiNG, by T. L. Moore; Vrai?CW 
wtngo byE.R. Trapnell; all students. March it 


Respon sibility as a 
utizbn, by L. Hilliard; Torque-Angle Char- 

i^ sI S st™°^ Swchronous Machines Follow- 

T*omL* ““ D “ ttobane b, by S. A. Singleton; 
Trouble Shooting on a Highlinb, by H, A 

*r% * 

Virginia Poljrtechnic Institute 
< Rasing Brush Capacity bv G r py.,. 

vii'tSSri 1 5 b t 0per ation of Mercury 
KT p v b ^ N „ L - Gre ^; The Point-O- 
Lyncmurg' Va Hvdiwselbctrig Plant at 
April 21. Att 27 by M ' L ' S,mpson: a11 students. 

rrSf 1 ! 0 - 11 ° f ° fficers; P - H. Cross, chmn.; N. L. 
Att. S 43 e " Chmn ‘ : W ‘ L * Youn S. sec y- May 5. 

State College of Washington 

?T h *rY alker : G / eat Northern Railway, Film— 

^The Conquest of the Cascades.” ApriMS Att. 

EN P oiNEER M by^r SI r°n WlT ^ THB Commercial 
ApriU9 A« 52 C ° ,hSOn ’ Padfic Tel - & Tel. Co. 

University of Washington 

RrvS by°E z£7 ssTpS irA? t OL 2 r ,A 
».STpo^,i 3-™,. 42 m 

Att. 128. ‘ d st ream gaging. May 3. 

Washington University 

gfeaf ? G r * 

Demonstrations. Mayl. Att. 26 ? *' °°* 

West Virginia University 

f »«. 

Him "tons"™ b ? J ' I " Si ”—i 
«IGH pension Laboratory, by M L 

Pittsburgh Equitable Meter Co .. by J Kavuhf- 

Colfax Power Plant, bv C t n»r „ Kayuha > 

o^ZT S >b s“7 » ™ 

Aprill2. Att 29 McMilhon; all students. 

D W C S KennZ a \ RAB1 ° SXATI0N *DKA, by 
?lRNEom n STE^ Ca, B bTrv.& BN E T ° P ™ E 
Hoisting Equipment” and. Control) by 8 ^? 

KTby J^ e S Wan TR ° K Z M Transmission 
bv V q J ‘ R Wa'lace; Mbsta Machine Co., 

Mpg Co h^p n f h: We3tin °housb Elec. & 

SiStory bv T a T y: , Hl °e Tension Testing 
Pmmt by „ &rTO ; Springdale Power 

S Itt M ^ McC ? rmick * a » rtudents. April 
University of Wyoming 

Labor, by E. K. Nelson, city ener Joint 
‘ngwith A.S.M.E. Branch. April 12. Att. 11. 
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York^N? Y, tbt Secretary at 33 Welt 39th St” New 

S ‘ C " 2224 Charnwood Ave., Los Angeles, 

Br^Si ffW Birmingham, Ala. 

Seatrie, Wash! ' H “ drey Co ”> Ho & B Mg., 
B 'ton, d“c?’ 736 Trans P ort ation Bldg., Washing- 
Gr^e, Joseph p., Genl. Cable Coip., Ft. Wayne, 
Iwe, Halfddn G.j 229 Ovington Ave., Bklyn., N. Y. 
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f 


M CaW 0t0 ’ Tat8UO C *’ 1330 ' 4th St., Sacramento, 

HarLCharan, 151 Ganesh Mohai, Benares 
City, India. 

^' onsuiners Pwr. Bldg., Jackson, 

Scanlon, D. L., KFPW, Ft. Smith, Ark. 

Schwartz, Carl, 410 Cathedral Pkwy., N. Y. City. 


Thomas Earl Mead, Inti. Genl. Eletf. Co., Schenec¬ 
tady, N. Y. 

Tit^and, Trygve T„ 1019 Stanton Ave., Elizabeth, 

Van Ness, L. G., 2105-6 Sterick Bldg., Memphis 
Tenn. 8 

Vetri, L., Western Elec. Co., Inc., 100 Central Ave 
Kearny, N. J. 


Employment Notes ' 

Of A® Engineering Societies Employment Service 


Positions 

Available 

large elec, and mech. mfg. con¬ 
cern in Europe requires an executive designing 
engr. for their oil switch division. Fully trained 
E.E. of Swiss origin, thoroughly experienced in the 
modern design and construction of high tonaln^ 
overhead equipment, especially oil switches. Must 
have executive ability and speak German fluently. 
Apply by letter stating complete information 
as to age, education, experience, references, salary, 
etc. W-3754-CS. 

A COMPANY MFG. a diversified line of elec, 
apparatus wishes to fill the position of supt. in a 
medium size plant in the Middle West. Applicant 
must be a graduate of a tech, univ., have a good 
personality, executive ability, and a knowledge of 
modern mfg, methods and equipment, supported by 
10. to 20 yr. actual experience. Apply only by 
letter. W-378AR-501-C. 

Men. 

Available 

Agents* Representatives 

MFRS'. AGT. OR SALES. ENGR.; sales con¬ 
nection desired, 42. Twelve yr. engg., 8 yr. sales 
experience. Tech, col, education and also war 
training at naval academy. Willing to go any¬ 
where—New England States preferred. D-783. 

Construction 

ELEC. CONSTRUCTION ENGR., 33; 10 

yr. practical experience in elec, construction work 
on new buildings. Familiar with all branches of 
electrical contracting, including estimating, field 
engg., and purchasing. Has been in complete 
charge of elec, work in various large building proi- 
ectsin New York City. A-850. . 

Design an<4 Development v 

E.E, GRAD;, 31, single, 8 yr. experience.in de¬ 
sign of regulators and transformers; Desires 
position .with utility ormfg. concern. Location, 
immaterial. Available on short notice. Excellent 
references. D-774. 

ELEC. DESIGN ENGR.. A.B., EA, 33, 
married, Westinghouse elec, design school. Nine 
yr. responsible experience in design of d-c. motors 
and generators; also successful development work. 

. Expert on commutation. Desires design work or 
teaching. Available on short notice. Location, 
immaterial. C-201, 

. E.E. GRAD*. 28, married, 6 yr, experience in ry. 
signal engg. steam and elec. rys. F amiliar w i£h 
Circuit design, estimating, installation, and mainte¬ 
nance of a-c. and d-c. signaling equipment. Also 
1 yr. experience on steam r.r. electrification. Will¬ 
ing to go any where. C-6914. 

ELEC. AND MECH. DESIGN ENGR., 41, 
16 yr. experience in design and development of 
elec, apparatus for large quantity production! 

5 yr. specializing in cost reduction design on ap¬ 
paratus in highly competitive field. Experience 
covers control apparatus, radio, refrigeration, and 
talking pictures. Best of references. East pre¬ 
ferred. Available immediately. C-4977. 

ELEC. DESIGNER, col. grad., 15‘ yr. engg. 
experience, comprehensive knowledge design of 


etc. Desires position with utility. Available 
immediately, : LpcatiQife ipqnaterial. D-482. 

. DESIGNER •ENQR., 30, single, 10 Vr. 

experience in design of complete elec; systems, sub¬ 
stations, hydro-stations,. industrial maintenance. 


Responsible, capable asst, to engr. Educated in 
Sweden, B.S, in B.E., American citizen, linguist. 
Location, immaterial. D-914. 

Executives 

MEMBER, 42. Extensive and diversified execu- 
tive experience here and abroad. Communications 
engg.; utilities; corporate organization and mgmt.; 
personnel; sales. Contacts everywhere. Unusual 
and easily verified record of achievement. Quali- 


E.E. GRAD Univ. of Wis., 33, single, 3 yr. 
Westinghouse Test, 7 yr. supervising pwr. plants, 
substations, transmission line construction. Four 
yr. engg. inspection, purchasing, expediting, trac- 
,n S> r es - engr., and writing specifications. Ex- 
cellent reference. Can handle responsibility. 
Wants connection, utility, holding company, con¬ 
tractor, or mfr. Available immediately. Loca¬ 
tion, immaterial. B-9661. 

E.E., 40. Eighteen yr. operating and engg. 
experience with large pwr. companies and in 
central holding company’s engg. dept. Desires 
position as chief engr. small or moderate sized 
company or as asst, for large company. C-9291. 

' E.E. GRAD., 32, single, valuable experience in 
construction and E.E. dept, of large utility and as 
asst. genl. mgr. with mfr.; also selling experience. 
Wad to furnish references. Very willing to travel 
oyer large territory. Location, immaterial. D- 
745. 

GRAD. ENGR., American, 27 yr. experience in 
design, erection, operation, and maintenance of 
all kinds of machy. Recently in charge of 35,000- 
hp. elec, installation. Expert on central station 
rates and contracts. Small salary acceptable 
m order to secure employment. C-6200. 

®-E-> E.E. degree. Fourteen yr. experience 
utilities covering valuation work, rate investiga¬ 
tions, engg. pwr. plants, substations, transmission 
fines, including estimates, specifications, design. 
Experience covers short circuit studies, stability 
analysis, investigations of systems for, load condi¬ 
tions. Desires position, holding company, operat- • 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post 
San Francisco 


205 West Wacker Drive 
Chicaso 


31 West 39th St 
New York 


hd AINTAINED by the national societies of civil, 
■ ▼I mining, mechanical,.and electrical engineers. 
In cooperation with the Western Society of Engi¬ 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An Inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 

Men Available.—Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months; 
renewable upon request, Send announcements 
direct to Employment Service, 31 West 39th.Street, 
New York, N. Y\, to . arrive not later than the 
fifteenth of the month. 


fied as a corporate secy., treas., sales engr., or 
as asst, to busy executive. D-730. 

ELEC.-MECH. ENGR., 36, 6 years’ consulting 
experience with large western firm, architects and 
engrs. Contact man. Entire charge large* proj¬ 
ects in central station and industrial field. Seven 
yr. design and construction large eastern utility. 
Registered New York. Speaks French. Will 
consider anything anywhere. Available May 15. 
D-52. 

•B.E.,. 37, married, 12 yr. experience in design of 
substations, elec, installation of ships, statistics, 
valuation, estimates. Best references from large 
firms m Germany and U.S. Prefer to represent 
American firm in Germany, Austria, or Switzerland. 
D"oA2. 

E.E., grad., 42, 5 yr. supervision elec, main¬ 
tenance r.r. Six yr. head elec, and mech. main¬ 
tenance group of coal mines. Eight yr. assoc, 
editor coal mining magazine, experienced equip¬ 
ment photography, wide acquaintance, numerous 
excellent references. B-7563. 

SUPT. of distribution, grad. Lowell Inst. Sch., 
auspices Mass. Inst, of Tech., elec., industrial 
mgmt, courses, 44, married. Twenty yr. elec, 
utility > .operating experience; engg., instruction, 
operation, maintenance of distribution, trans¬ 
mission lines, substations, transportation, first aid, 
and educational work. Has sufficient utility 
operating experience to qualify for position of supt. 

E.E., , married, E.E,, M.E. twenty-two yr. 
experience, designing, construction pwr. plants, 
substations, transmission, distribution systems, 
industrial plants. Three yr. . charge purchasing 
engineering : equipment, foreign interests. Three 
yr. executive experience charge engg. dept, large 
utility syndicate. English, German, Russian, Ar r 
meman languages. Available immediately. D-84. 


Opportunities.-—A weekly bulletin of engineer¬ 
ing positions open Is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 

Voluntary Contributions.—Members benefiting 
through this service are Invited to assist in its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 

I ^ 

Answars to Announcements.—Address the key 
number Indicated in each case and mail to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 


ing company, or engg. firm. Available immedi¬ 
ately. C-9570. 

, ®*®*» 40, manied, 18 yr. experience utilities and 
industrial plants as mgr., supt., chief engr., wide 
experience steam, Diesel, hydro plants, manu¬ 
factured gas, telephone, utility accounting. Good 
record, excellent references. Accept anything. 

immediately. Location, no preference. 
D-909-325-C-l-San Francisco. 

married, 20 yr. experience abroad 
and in U.S.A. estimating, designing, and inspec¬ 
tion of elec, pwr. and light layouts, including 2 yr. 
charge of elec, and steam plant in iron mine, 6 yr. 
■ research and 2 yr, sales' experience in lamp and 
metal industries. Available at once. B-9034, 

EXECUTIVE. E.E., grad., married, 30 yr. 
experience mgr., supt., elec, engr.; construction; 
operation, utilities. Installed steam-Diesel-hydro- 
electnc plants. _ Building substations, transmission 
lines, distributing systems, street car network, 
laving underground and undersea cables. Dis¬ 
trict mgr., sales representative for infra, of H.T. 
oil circuit breakers, switches, transformers. Avail¬ 
able now. B-2388. 

. E.E., 30, married, 5 yr. transmission, distribu¬ 
tion dept., utility, 2 yr. chief engr. talking moving 
picture company; ly* yr. engr., wiring specifica¬ 
tions for architects of tel. & tel, buildings. One 
yr. experience making. Neon tubes. Designed, 
ma<fo apparatus for making “structural stress" 
apd'Vmd pressure" test in Empire State Bldg. 
C-6577, 

-BJEw univ. grad., pwr. experience, desires posi¬ 
tion with pwr. or mfg. company. Development 
work preferred but not essential. B-1923. 

E.B., Univ. of Ill., 12 yr. experience in design, 
manufacture, and sales of elec, machinery. At 
present riuef englr. and safos mgr. Middlfe Weit 
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££Hr 9 i. 

Inspection 

-sr- 

gil6S3i!a^ 

Instruction 

wSSoffl^ 4 I ^ tr a V,2 t A e , ™ 

designer and checker 5 yr., s/b’ atort? 

SiSwlK m*" 1 * 1 "*» “«• »pp«oS“; 

SSt. C-M21?”' De ““ position tudSjMS 

g.I: e t 2? A i W’&SjES’t* Tw A£ 

ars-saaa jsf'fi?* ttss 

- •WSS iTSSL ‘SSJ? 

sa^'^WanS 8 "^ i&’tx? 

Good ability, highest references. Available Tun a* 
Location, immaterial. D- 920 . a fle June. 

g^ffa-sSi.tt raj?-- 

Junior Engineers 

_J^5- , 25 ' B.S. in E.E. in 1930 from mid-western 
school, location does not make any different 

rebSrwo^Saf^f’ aud 5 b ? ut 2 »*} ° f wiring and 
pair work. Salary second to a position. D-433. 

1®30, Rensselaer Poly. Inst., single 
24, candidate for the deg. of Doctor of p R 
June, g 0od scholastic record. Ss e „L'S 1 

SaL a nL U ^ Hty - or »A conS^ r or e tLriilS C ff e 

Tnn^ *< Primary importance, available thus 
D-469 Locatlon * “y P^t of U.S.A. or India 1 

1 

GRAD. E.E.. 1931 a « n q ok . ' 

• ^’^tation experiencewhile student. Eight months J 
t - Sman on wire work involving catenarv l 

design in connection with r.r. electrification^ * 

East preferred. Available immediately. D- 795 . ’ * 

10 Sj E X, B -f- f . rom Ohio Northern Univ., class of 
» 2 £, single and excellent physical condition* c 
w l i'‘ n K t° work hard. Have had coSrid^able ex- c 
perience as salesman. Interested in any oosition ii 
where an engg. knowledge is required. Excellent 
Correspondence invited. Available in 
June 1932. Location, immaterial. D-787. j 

tiv^'ni’an ra od 1 ® 31 ! Northeastern univ., coopera- VI 
tive plan, ^2, single. Three yr. experience test if 
and servicing elec, equipment and motors. Desires cl 
connection with construction or utility comS-n 1 
Location, immatenal. Available at once. D-8491 

GRAD. E.E., 27, married. Three yr. with utility 
on generating and substation design and layout^ 
including switchboard and control. Two yr. indus- 

P wr * application. Desires position with w 
utility co. or mfg. concern. Location, immaterial H 
Available one month. D-86I. . uumncenai. n 

Membe?Si?Jm ’ v- 2, S ensae,aer *°}7- Inst. 1930. 
den? 1 «f f *5i gma i X - Two yr. expenence in plant 
dept, of telegraph company. Desires position with 

af sfnrt 6 ” 1 ? 11 *" la . any engg. field. Salary immaterial 
at once,* J^ on * North East em U.& Available 

27 B mkrriJ’. E 9s < 7 ase Sch -\2 f Applied Science 1929, D, 
? arr ‘ ed; 2Viyr. with ry. signal company in 
construction, testing,- inspection, drafting, circuit 
design, and creative advertising. Two yr, practical 
surveying Thoroughly familiar ^tfi tfte prin¬ 
ciples of illumination. Available at once. Loca¬ 
tion, immaterial. D-870. ca dal 

for 

.jjjj 21 £? AD ' B.E., mid-western college, 24, An 
Jiag l e ' Jhree yr. expenence in genl. maintenance on< 
a M d ui m ° tor testing. Location, im- Ina 
material. Available at once. D-572. 

* 

GRAD. B.A. (Physics), 1932, single, 22. Desires 
position in elec, industry. 6ffice experiraoe^ju Ch] 
maintaining charts and statistics. References r 

Locarion, South West preferred, but elsewhere 
considered. Available on short notide, D-822. Be< 

, E : E - GRAD., 1930, Carnegie Inst, of Tech., 24 '!m • 

single. Laboratory experience while working way - 0 
® cl tooL Two yr. experience in Telftype^ Ant 
Virriter and telephone communication.^ Permanent 


: &?i* bte “mediately. Lo,.. 

D-742. ' t ' It red ‘ ln dustnous, and clever. 

^SS 3 =?S ££95 

&SSS; “ a ta4 ,l * ry ““"“mv. ”™i* 

<$*» 

Ss 5 S^" 5 seei?wS 

preferred. ^SSUto toSdi^. 

Desires position with a laboratory 7 utility nr 
g»o™. Available July 

GRAD. E.E., Columbia Univ. 8 yr. course 1999 . 
single, 24. Desires work with utflity, ”r ’ mfa 
to n reTeh tt eonsiftuction corporation. ^Would like 

GRAD -> 1932 1 24, single. B.S. in E.E. from 
well-known engg. school. di£d scholastic recor? 

Four yr. mfg, experience includes timekeeping cost 

work, maintenance, and assembly i 


Maintenance and Operation 

E-E- GRAD., 1927, married. Eight vr steam 
9 a P^. °Peration and maintenance, and factory 

f^red e M?ddlpW°r u " empl °yed. Location pre^ 
lerred, Middle West or Western. C-8522. v 

sinrie E ' , Exe?uti^ ND C,E - graduated Italy, 30, ‘ 

and hydroelectric 11 pW Jc-?^ ctioa 

n«irW«™a 1 S'S.a2“'i"D a S 2 !* > '“‘’ 

and Substation f. transmission, trolley 

Usg 

Research 

u'ffirf 3 ' “ d post-sr.d, 

and Neon lamps. Good knowledge r 

^390, Cy currents and theoretical mechanics. B- 


vloJnStwKli* Location preferred, Ohio-Pa 

vicinity, but will consider others. D-908. 

27 1 «iViri? R T' D i' ] u‘ E ’’ B western univ., 

27, single. Telephone work, machine shop aooren- 

ticeship, draftsman, and machine designer, familiar 
with vacuum tubes, good mathSfd’an Ex- 

dilh Finnish 8 «n?°« rd - . Ea f? ish > German, Swe- 

SSSSJ^’dSm. 0r abCOad - A-vailable on’shout 

* n ®*S> from Clemson Agri. 
Col., 25, single. Desires work with utility, mfg 
® r construction corporation. Available* 
immediately. Location, immaterial. D-400. 

nin^* D! n NT ’ 28, .fa® 16 - B.E.E. ’32, Univ. of 
Detroit, 8 yr, radio-telephone experience, IV* 
P^Ach with police dept., the rest broadcasting. 
Would lilce position with large station or chain, 
". Possible. Location, immaterial. Holds 2nd 
class commercial operator's license. D-926 


fc2«nIcS^2 e a S C rer»rl^nti- 

tiveormfrs. agt. with high grade companymff )!»,> 
i n dustria° , pIants VOl R.406^! UlPinetlt f ° r Utilitie3 or 

mSti' e ^' ri ““° n Fotteen 
montas application sales engg einwnVnro nritk 

Sonin kn S w,ed K e Of several British Colonies and 
bpain. Six years industrial sales encr soeciaH^mtr 

n n i?fn tda i heft ^ ,ar ^ western utU^ri' dMires con¬ 
nection American firm contemplating nlnnt 

Flue 8 nt ffi Sn, w . itkin Eri tish Emphe. South America 
D-SOA Sp h ' French - Available immediately.* 

2 vr E sS« A ^ r 30 f famil3 :' 2Vj . yr - telephone engr., 
t JJ'r*?} mg , r - f ? r automotive joboing house! 
“ f y o'i/. e d en 5 r ' ?®r e,ec - I, Kht company, with a total 
y^« drafting on tool and machine 
Desires work of any kind or typ” naming lfvhf; 
wages. Location, immaterial. C-9sl! Y S g 

ELEC.-MECH. ENGR., 39, married GE 
rtudent course. Eighteen yr. experience J4qu?n« 
™° t tor control systems, industrial eugg., sales 
patents, investigations and reports, machinery 
nnn e< tP m r lt ‘ Pr f fers connection as industrial 

consultant or as sales engr. C-9552. 

Testing 

moo RA R' E - E -> . 2 ?» ringle, B.S., Union College 
1929 One yr. with Underwriters’ Lab., 2 yr Otis 
SattpCo-’ development and test dept. Familiar 
of * ls yator and escalator equipment 
P 08 ! 41011 designing and testing of industrial 
control equipment. Available at once. Location 
immaterial, preferably the South. D-F5S. 


M 


»er$hip 


Recommended 
for Transfer 

The board of examiners, at its meetings on the 
dates givm recommended the following members 
for transfer to the grade of membership indicated 
Any Election to these transfers should be filed at 
Institute^ the aCtlag natio °al secretary of the 

To Grade of Fellow (May 18, 1932) 

Christie, Clarence V., prof . of elec. engg. and head of 
t dept., McGill Univ., Montreal, Can. 

LoveU, Wm. V. (retired), Stanford, Florida 

G>®*N«^or“ d bldg * eagr ” Am< Tel. & 

To Grade of Member (April 13,1932) 

A-nd^son, ^Albert S„ central station dept,, Genl 
Elec. Co. , Denver, Colo. ' " v 


June 1932 


Anderson, Henry C., asst, engr., N. Y. & Q. Elec. 
Lt. & Pwr. Co., Flushing, N. Y. 

B U 1 Madison an H *’ W ‘ re cbief ' Wisconsin Tel. Co., 

Eucl ci. ibjp&ar- 

„ s's. k H ci a, d c '£ir nt ' nsr -' Pub - 

Wh'. C MfdiS; Vi “ ' P “ b - S "”- Com™. 

H °“!SS°if*T &.!SSWf De “°“ 

H “"itc5:: AE?o n w d n’ ,rib “ ti0 “ “* r - Pa - Pwr - & 

Mar N^ Yo?k. elec * engr ” Elec ' Boad & Share Co - 

• Perr *^ ea ’ Ajuold E., asst. elec, distribution planning 
_ engr., Pub. Serv. Co. of Colo., Denver. B 

Pete 5f5 n > T. F., consulting cable engr., Am. Steel & 
Wire Co., Worcester, Mass. 



R ea dy, Lester S., consulting engr., San Francisco. 

Calif. * 

Sealey, Wm. C., elec, engr., Allis-Chalmers Mfg. 

Co., Milwaukee, Wis. 

Skooglund, Carl M., pwr. station design engr., 

• c I?? 81 P « n “. Plfr ' Go -. Pittsburgh, Pa. 

Spaulding, G. W., asst, to genl. supt., Pa. Water & 

Pwr. Co., Baltimore, Md. 

Steinberg, Max J„ elec, field engr., Brooklyn 
• (FT. Y.) Edison Co. • 

Stevens, Earl E., elec, testing engr., Commonwealth 

. Edison Co., Chicago, In. Kl D I 

Weidlein, Wm. D„ engr., Black & Veatch, Kansas INCW DOORS 
Alo. 

Wendell, R. B., design engr., Pub. Serv. Co. of No 
Ill., Chicago. 


Engineering Literature 


To Grade of Member (May 18,1932) 

Bostwick, Wm. E., inspector, Pa. R.R. Co., Al¬ 
toona, Pa. 

Burlingham, Kenneth R., chief electrician, Milwau- 
kee County Institutions, Wauwatosa, Wis. 
Cockburn, John M., telephone systems engg, dept.. 
Northern Elec. £o., Montreal, Can. 

Damanta, Sorab B., engr.-in-charge, Ambernath 
Elec. Supply Serv., Ambernath, G.I.P. Ry., 
India 

E K e »-Wm. W., dist. mgr., Copperweld Steel Co., 
Chicago, Ill. 

Ekeroth, falter M., asst, engr., Brooklyn (N. Y.) 

Edison Co. , 

Langwig, Frank I., asst, engr., N. Y. Telephone Co., 
Albany 

Lewis, Ephraim H„ genl. mgr., Union Elec. Lt. & 
Pwr. Co., and St. Louis County Gas Co., Web¬ 
ster Groves, Mo. 

Lightband, Denis A» designing elec, engr., Westing- 
house Elec. & Mfg. Co., E. Pittsburgh, Pa. 
Tang, Kwan Yau, prof, of elec, engg., Ohio State 
Umv., Columbus, Ohio 

Travers, Fred H., engr., Genl. Elec. Co., Bridgeport, 
Conn. 

Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as air Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so in¬ 
form the acting national secretary before June 
3w, 1932. 

Brainerd, J. G., Univ. of Pa., Phila. 

Briggs, A. S., Jr., Phila. Elec. Co., Phila., Pa. 
Campbell, F. W. (Member), Westinghouse Elec. & 
Mfg. Co., Cleveland, Ohio 
Carlson, E. J., Univ. of Calif., Berkeley 
CasavanOj F. C., Syracuse (N. Y.) Lt. Co., Inc. 
Coffinberry, C. M„ Elec. Engg. Sales Co., Los 
Angeles, Calif. 

Crump, L. L. (Member), James R. Kearney Corp., 
St. Louis, Mo. 

Davidson, L. A., Okla. Gas & Elec. Co., Oklahoma 
City 

•Deming, A. F., Natl. Advisory Committee for Aero¬ 
nautics, Langley Field, Va. 

Harrison, E. T. G., Southwestern Bell Tel. Co.. 
Oklahoma City, Okja. 

Held, C. A. (Member), Monks & Johnson, Boston, 
Mass. 

Henshaw, W. J., Vancouver Pwr. Co., Lake Bunt- 
zen, B. C. 

Hoover, H. C., Wagner Electrical Corp., Washing¬ 
ton, D. C. 

Johnston, A. B., Southwestern Bell Tel. Co., Okla¬ 
homa City, Okla. 

La Chapelle, H. C., Am . Tel. & Tel. Co., Denver, 
Colo. 

Luckenback, C. E., York Ice Machinery Corp., 
York, Pa. 

Mahaney, D. J., Southwestern Bell Tel. Co., 
Oklahoma City, Okla. 

McCluskey, F. J., James R. Kearney Corp., St. 

Louis,Mo. • *' .. ••• . . . 

McLean, C. H., British Columbia Telephone Co., 
Vancouver, B. C., Can. 

Parkhurst, E. T., 79 Walnut St., Somerville, Mass. 
Pedersen, A, H„ Automatic Temperature Control 
Co., Germantown, Phila., Pa. 

Pendleton, V. A., Oklahoma Gas & Elec. Go., Okla¬ 
homa City 

Powers, C. F., New England Pwr. Engg. & Serv. 
Corp., Boston, Mass. 

Rees «. L., Pacific Gas & Elec. .Co., San Francisco, 
Calif. 

Risen, H. J., Okla. Gas & Elec. Co., Oklahoma City 
Schroeppel,H.C., Memphis Pwr. & Lt. Co., Tenn. 
Todd^ J. M,^(Fellow), 818 Mantime Bldg., New 

Vance, R. L., Bell Telephone Labs., N. Y. City 
Wall, W. W., Natomas Co., Natoma, Calif. 

Woll, L. B. t 741 Fairmount Place, N. Y. City 
30 Domestic 

Foreign 

Headland, H., Public Wks. Dept., Waitaki Hydro, 
South Island, N. Z. 

Hickey, M. G., Hackbridge Elec. Construction Co., 
Hersham, Walton-on-Thames, Surrey. England 
oawnney, B., Associated Electrical Industries, La¬ 
hore, India 
3 Foreign 


in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New Ycfrk, 
during April are the following which 
have been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no reponsibility for state¬ 
ments made in the following outlines, in¬ 
formation for which is taken from the 
preface or text of the book in question. 

+ ®ioo?‘ Complete supplement 

to 1931 edition. N. Y., Society of Automotive 
Engrs., 1932. 125 p., Ulus., 7x4 in., paper, $1.00 to 
non-members; $.50 to members.—Instead of is¬ 
suing a revised edition of the handbook, the Society 
has published this complete supplement. Contain¬ 
ing all new and revised standards and recommended 
practises adopted since the last book appeared, 
with a list of canceled specifications, thus bringing 
the work entirely up to date. * 6 

SCHW EIZ E RIS C.H E ENERGIEWIRT- 
By M. L. Keller. Aarau (Switzer¬ 
land). Verlag H. R. Sauerlhander & Co., 1931. 
II^ P;» 9x6 in., cloth, 4 Swiss Ffsl—A disc us sion of 
electric power development in Switzerland, its 
defects, and ways to bAter conditions. Treated 
® conomie ft nd political points of view. Es¬ 
tablishment of a special government institution is 
advocated, patterned* on the Swiss National Bank, 
to which the control of power developments and 
electricity supplies will be delegated. 

SYMPOSIUM ON EFFECT OF TEMPERA¬ 
TURE ON THE PROPERTIES OF METALS 
*£ech. Engrs., N. Y., and. Am. Soc. for 
Test- Mtls, Phila., 1932. 829 p., illus., 0x6 in., 
cloth, $6.00 to non-members; $5.00 to members.— 
Pa F)J 27 ) presented at a joint meeting of the 
A.S.M.E. and the A.S.T.M. in Chicago, 1931; 
discuss various problems related to engineering 
trends and requirements for metals at high and low 
temperatures, and the properties of metals for use 
at these temperatures. The book ably summarizes 
our present knowledge of the subject and brings 
J?,. te tocords of a similar meeting in 1924. 

A bibliography is included. 

TALKING PICTURES. By B. Brown. N. Y. & 
Lond., Isaac Pitman & Sons, 1931, 305 p„ illus.. 
9x6 in., cloth, $3.00.—Origin, how it works, and 
the practical details of the apparatus and its opera¬ 
tion for the modern talking picture as set forth in an 
interesting way in this book. Successful ex- 
planataon of matters in a wav can be understood 
without.technical training, and m presenting a com¬ 
prehensive view of the industry within a moderate 
compass. 

THE TAYLOR SERIES, an introduction to the 
uieory of functions of a complex variable. By 
. „°* ford .. Eng., Clarendon Press (gift 

of 9*f 0 . rd University Press, N. Y.), 1931. 552 
p., 9x8 in., cloth, 30s. This scholarly introduction 
to the theory of functions of a complex variable 
adopts the way of approach by the methods of 
Cauchy and Weierstrass. The first seven chapters 
give the elements of the usual Cauchy-weierstrass 
theory. The remaining seven chapters discuss 
and coordinate further developments of the theory 
by Picard, Hadamard, Mittag-Leffler, Borel, and 
others. There is a good bibliography. 

WORKING FOR THE SOVIETS, an American 
Engineer in Russia. By W. A. Rukeyser. N. Y., 
Coyia-Enede, 1932. 286 p., illus., 8x6 in., 
cloth, $3.00.*—A first-hand description of industrial 
conditions, by an American mining engineer. The 
author's work for the Soviet government took him 
to the asbestos mines of western Siberia with no 
companions except Russians. He .had unusual 
opportunities to know them and to learn what they 
thought and how they lived. He gives an interest¬ 
ing account of his experiences. 

ADVANCING SCIENCE. By O. Lodge. N.Y., 
Harcourt, Brace & Co., 1932. 191 p., 8x5 in., 
cloth, $2.00.—This volume sketches the work of 
the British Association for the Advancement of 
Science between 1870, when Sir Oliver Lodge be¬ 
came a member, mid 1900* A regular attendant* 
at its annual meetings, he has vivid recollection 
of the great men of that period and of the out- 
standing events and papers of each meeting. These 
he describes in an interesting manner. The dis¬ 
covery of-the electron and the beginnings of the 
study of ether waves are discussed. 


AMERICAN ELECTRICIANS’ HANDBOOK. 

Fnnt* (?5 0f VoQo d & Load., McGraw-Hill 

Book Co., 1932. 1051 p., 7x4 in., leath., $4.00.— 
This popular handbook gives the facts about ap¬ 
paratus, materials, installation, and operation 
needed by wiremen, contractors, linemen, plant 
superintendents, and construction engineers in their 
daily,work. Theory is reduced to a minimum, but 
sufficient is given to explain the reasons for the 
methods recommended. The edition has been re¬ 
vised to conform with current practise and the 
latest code requirements. 

BEHEMOTH, the Story of Power. By E. 
Hodgins and F. A. Magoun. Garden City, N. Y., 
Doubleday, Doran & Co., 1932. 354 p. illus 
9x6.n cloth, $3.50.—A narrative history of power.’ 
built about personalities which have contributeci 
to the evolution of motive machinery, and intended 
for the reader without technical training. The de¬ 
velopment of the steam> and internal-combustion 
engines, of the dynamo and hydraulic turbine, is 
presented m broad outline from the earliest times 
to the present, in an unusually readable, enter¬ 
taining way. 

t IN DER EBENE GETRIEBE- 

LfHRE. By T Pfischl. Berlin. J. Springer. 
1932. 127 p., 9x6 in., paper, 9.75 rm.—An ele¬ 

mentary textbook, designed for home study and 
for students in engineering colleges. Graphic 
methods are used and a knowledge of vectorial 
analysis is required. The course is planned with 
close attention to practical needs. 

HOCHFREQUENZTECHNIK IN DER LUFT- 
fA? R T. By H. Fassbender. Berlin, J. Springer, 
1932. 577 p., illus., 10x6 in., cloth, 68 rm.— 
Prepared for the German Aircraft Research Insti- 
" ut ® »y a number of specialists, this book is in¬ 
tended to present a comprehensive account of the 
pr^ent state of radio communication with air¬ 
craft. The theoretical principles and methods of 
measurement first are considered; then the prob- 
Rms .°L dir ection, finding. The apparatus used in 
the different flying countries is described, after 
which a section is devoted to radio service for 
fiyffs. Theoretical and practical aspects of the 
subject are discussed at some length, and ‘bibli¬ 
ographies are scattered through. 

°? HUMAN ENGINEERING. 
ed -£y F. A. Magoun. N. Y., 
MmsmiUan Co., 1932. 169 p., 8x5 in., cloth, 
*1.60. —The. second of a senes of books by the 
professor of humanics at the Massachusetts Insti¬ 
tute of Technology. From his broad practical 
experience, Professor Gow gives sensible advice to 
the young engineer who is beginning his career 
upon the cultivation of correct personal relations 
mth superiors and subordinates and similar topics 
that greatly affect his success in life but are not 
covered in ms course of study, 

WERKSTOFFHAND- 
l^CH NICHTEISENMETALLE. Berlin, 

3 a t h :. V erl i& j 932 ' , 14 p *> Blus., 8x6 in., paper, 

rm.—Third supplement to the Handbook of 
Non-Ferrous Metals. Contains new information 
torsion testing, corrosion testing, electric 
melting furnaces, metal coatings, and the working 
of pure aluminum. The material is in loose-leaf 
form for insertion in the handbook. 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 

kAAINTAINED as a public reference library 
”■ engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. ’ 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books Is 
available to any member residing In North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerning them. 
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Research 

t 

ANNUAL REPORT OF THE COMMITTEE ON RESEARCH* 


D URING the year 1931 the Committee.on Re-. 

search has encouraged the presentation of re-. 

. search papers and has reviewed many for ses¬ 
sions on research before the A.I.E.E. On account 
of the broad field which must be covered by this 
committee it has been impracticable to organize 
subcommittees under any specific classification.. 
The burden of reviewing papers has fallen to prac¬ 
tically qjl members and excellent cooperation has 
been obtained by correspondence and without com¬ 
mittee meetings. 

The following topics are worthy of mention to show 
progress that has been made during the year. 
The subjects reported have all been suggested bv 
committee members. 6S y 


Physics 

« •> 

R* J* Van de Graaf of Princeton University 
and Massachusetts Institute of Technology has de'- 
veloped statjc machines of a very simple construction 
using endless silk belts with which he has generated 
as high as 1,500 kv. This work is being extended to 
much higher voltages. 

_ p Lafl ge and A. Brasch of the University of 
erlin have built a simple X-ray tube consisting of 
fr' er3 ? a ^ :e rm S s of paper, rubber, and aluminum which 
they hope to operate with voltages up to 2,500 kv. 

A number of developments have taken place during 
the year m connection with X-ray tubes and auxilia- 
nes. Some of these are described in the January 
issue of the General Electric Review. The application 
ot X-rays commercially has been extended during the 
. e sterilization of food and food products. 
Experiments have recently been made in this 
coimtry on a sodium vapor lamp, originally developed 
m Germany This lamp has been made possibte by 
a new kind of glass which is not blackened by the so- 
dmm vapor. This lamp is said to be several times as 
emcient as the ordinary mercury or gas filled lamp. 

timf ^ rr ° ; ? agnetlC materials changes in magnetiza- 
°ccur-mstantaneously throughout the 

Si but Start Really and are propa¬ 

gated with fimte velocity. This was demonstrated 

vp1nrifx? e f SCale by K - F ‘ Slxtus 811(1 L - Tonks and the 
velocity of propagation was measured in nickel-iron 

S! (Pbsical Rmew, 37, 1930, p. 

^ es ^ ln g botlse Laboratories a new mag- 
n ?? C i, pb ^? me ? 011 bas been sported by F.-Bitter 

gSdtiesTfa^fi^ ^^of magnetic inhomo- 
01 a and regular pattern in the in¬ 

dividual cr ystals of ferro-magnetic materials. These 


* COMMITTEE OH RRS RAPfyg. 
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are of quite a different nature, depending on the type 
of material. .No satisfactory explanation has yet 
been obtained for this phenomenon. 

t s t a ff of the Alabama Polytechnic 

Institute have announced the discovery of the last 
missing element No. 85. 

xv, From theoretical considerations, it was believed 
that atoms of hydrogen might exist which are twice 
as heavy as the ordinary atoms. These have now 
been discovered experimentally by H. C. Urey and 
G. M. Murphy of Columbia University and F. G 
Bnckweede of the Bureau of Standards. 

Walter Bathe is reported by A. H. Compton to 
have produced gamma rays by bombarding beryllium 
metal with alpha rays. His experiments indicate 
a possible synthesis in which a heavier element, car- 
and ^ proved correct it may greatly 
. . e 9 t a11 ^eas of how the solar system and our earth 
originated. (Sc. News Letter , p. 223, Nov. 21, 1931.) 

Vacuum tubes are continually extending the ranges 
ot possible electrical measurements and thereby 
opening new fields of physical research. L. A. Du- 
Bndge (Physical Remew, 37, page 392, 1931) reports 
measurements of small currents of the order of 10 “ 18 

amperes which corresponds to six electrons ■per 
second. r 

Fowler (Physical Remew, Vol. 38, page 45, 1931) 
has made important theoretical investigations of 
he photoelectric threshold values of clean metals at 
various temperatures. 

Ha f ve y ( Jl - °f General Physiology, Vol. 15, 
p. i47) has demonstrated that living cells are dis- 

secoSf ted by ultra " sonic waves in less than Viooo of a 

f- Wydraff (Radiology, Vol. 17, p. 1171, 
1931) has obtained important data on the destruction 
ol micro-organisms by X-rays and cathode rays in 
continuation of his previous work in this field 

iQ?n er if nd Te Z eS * <- Z f s £ ch f-Phys.,Vol. 73, page 192, 
1931) have obtained further important results in 
connection with their investigation of the photo¬ 
electric properties of caesium oxide films in conjunc¬ 
tion with halide salt layers. 

« Be Tpiann (Zeitsch. /. Phys., April 1, 1931) has 
described an important photoelectric cell involving 
essentially the photoelectric properties of iron sele- 
mde. 

- • 

Dielectrics 

_ The Committee on Electrical Insulation of the 
2 1V1 ?r 0 ^ • °* Engineering and Industrial Research of 
the National Research Council reports very sub¬ 
stantial progress in the study of dielectrics and di¬ 
electric phenomena. Its report, which summarizes a 
considerable number of recently presented papers, 
shouid tie consulted by these interested in this sub- 
ie ”! ,““ e /°ff°wing items, some of Which were re¬ 
ported b^ the National Research Council, are of par- 
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l 1 ™}™ interest. Some of the se results have been nre 
sented in the form of papers before the Institute P 
A further reference which may be consulted with 
profit to those interested is monograph No. 5 of the 
’ c Jn !2 Can J . Chemical Society, by Professor C P 
Smythe of Princeton University, giving an extensive 

3r structure SUltS ° f ** * d "ning 

The following four A.I.E.E. naopr, f™™ 

Whitph HC T kin ^ University on this subject by Dr* 
.Whitehead and his associates are particularly valu¬ 
able, namely, on the Conductivity of Insulating Oil* 
The Fundamental Properties o^Impr^^Pa^r 
Residual Aw and Moisture in Impregnated Paper and 

-^Characteristics of 

dielectrics are Insulation Variability, by ? M C* 
Holmes; On the Theory of Thermal KrlnbJz' * 

" byP - H 
same field by Kenney, Luery, and Moriarty. 

head and Bamw t£° Ve . mentioned Papers by White- 
ead and Banos there is announced a most remark¬ 
able agreement between loss, power factor and 

pE ty va * u< ;S at . 60 cycles for solid and liquid di- 
electacs as determined experimentally and as ealeu 

o a sdUogr°a“h ^ characteristics “ obtained by the 

By very careful distillation and purification as re 

tasuktinl L '-i A ' ^ el ° * has 1,6611 Possible to produce 
—« having conductivities of 10~“ to 

,„J hC - ? dl T eIe P hone Laboratories have rerouted 
, ^ ln f eres ^ ln g' results on ordinary insulation in 
which they point out that it is the^tSic salt ^oi 

tSk th c ? nsid ^ able solubility in water which con- 

such materiak a w° r 1 , COndUC I : i. Vity chara o^™tics of J 
suen materials. Washing with water improves the < 

insulation properties decidedly and improvement can < 

be obtained by replacing the soluble salts with more 

insoluble salts by chemical reaction. I 

suhtW? ntm J^ es in an ^creased amount on the t 
subject of polar molecules in dielectrics Thi, t 

subject, originally considered of no practical value i 
is now bemg studied for viscous liquids and even s 
solids, with very important results. Development s 
°f polar molecules m insulating oils gives a measure 
of deterioration. The work of W. N StoopS l 
out the very definite correlation and the fact that the si 
measure of the polar characteristics under accelerated tl 
test may furnish a measure of the useful lifTof an od u 
^^ ec ^ nc Josses m highly refined insulating oils at ai 
commercial frequencies and operating tempfratures w 
have been shown to result from conduction, but at m 
high frequencies and low temperatures the inaior sr 
be for by the orientationof poL 

P- 430H136, F?b. 1931.) ' *****. ^ 37 ' “ 

Ho P^ ns University and the Bell Tele- th 
2*5“ Laboratories further studies on abietic acid, 
and rosrn have been made as to the part played bv no 
&*** the S " 1, c* and loss characteristics of ma^ m 
terial over ranges of temperature and frequency, a t 
This type of work, (Erected toward an understanding im 
of the mechanism of the dielectric in detail, 3s most Tb 
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re " J* is in teresting to note that both «sets 

ith ofSchwSil be €Xp i ai ^ ed by the generalized theories * 
£e d electiv e f? gner > whi *k consider- the 
P ? I 03 a S hole ’ or by the dipole theory of 

< ’ ^bich considers the microscopic structure 

ng d5SS” the individual atoms - molecules, or ions 

he bef of ^ borof 1 - 0iI and CabIe condi «°ns at a num- 
ne her of laboratories were reported last year D ar- 

)r. ticularly on the effect of ion bombardment ™ offs 

7 „ Tb< : necessity for a completely filled, solid compact 

r For 1 ™ ioniz ation is furth’er shown 
'; Lor example, it has been shown bv the Detrni+ uyi; 

id son Company that the powe^actor of an S is^, 
of rectly correlated with the amount of hyZZ w d 
m by ion bombardment. In the studies of the fun^ 

' f mental properties of paper, oil, and impregnated 

{ ffi£h J Se H Tir, University -* 

be “ aho fn by the Commonwealth S <!w 

d con-elated with long hfe^Sblls^ C0mp0Und is 
to . impregnated paper insulated c^ble give ? a 

impregnated paper insulated cable have greatly 
r a !t d * 5 ? importance of the integrity ofthe^learl 
i sheath. Several research projects dealing with lead 
are in progress. Work at the University oTlffinok 

lead air ** ** ^ of lead and ^veral c 0 „ 
lead alloys occurs at stresses below 200 lb. ner 

square meh; that is, at stresses which may occurhi 
cable sheaths during normal operation. 7 

. 'T esear jhes on transmission cables show a tendenev 

th P d K? end °r + aCCe 5f a l ed tests as a measure of 

Sri, fl . quaht ^ . Both utmties and cable manufac¬ 
turers are conducting researches on long lengths of 

impregnated pap^suj^ cab i e to dupheate in a 

ort time what takes place over a period of years in 

service. ^The present indications are that bv suS 

andSf S 6 Cat>le +.° about 2 - 5 times normal voltage, 
and at the same tune superposing loading cycles re- 

te i nperature somewhat above 

meSSlS?r,f! m ? eratUre l° r ^ cab le, and by making 
measurements of power factor and ionization factor 

at smtable mterv^s throughout a test continuing a 

week or two, it is possible to predict the effect of 

^Xlon^ of norma l service on the stability of in- 

Considerable interest is taking place as to th#» 
influence of pressure on a cable and its relationshin 
to the^ation^ of the off in the c^e 
through its temperature cycle. goes 

. Ediso11 Research Department re- 
pGr 1 s factions of organic compounds 

in electrical di sch a rges are being studied as a part of 

iuvestigatiouof the deterioratio^of ofl- 
Mpregnated paper insulation of Wgh-tension cables 
The results of an experimental sivty covertag 57 
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.different hydrocarbons has been published (Jour. 
Phys. Chem., 35, 3649 (1931)). 

the field of insulation, J. B. Whitehead sum¬ 
marizes the accomplishments for the year as follows: 

This research has been characterized by a definite 
extension of our knowledge of the behavior of in¬ 
sulating liquids and its causes. This is a result 
largely of the development of amplifier and oscillo¬ 
graph methods for measuring short-time behavior of 
liquids when used for the impregnation of paper with 
the result that a much closer insight is npw possible 
as to the origin of the properties of high-voltage im¬ 
pregnated paper insulation. A continuation of the" 
accelerated life studies on laboratory samples of im¬ 
pregnated paper is clearing up the uncertainties here¬ 
tofore existing as to the relative importance of 
residual air and moisture in impregnated paper. In 
connection with these researches, an important 
method of analysis of the results of a-c. measure¬ 
ments has been developed and its limitations ex¬ 
plored. 


Electrical Engineering 


Circuit Interruption 

Vacuum relays developed in Germany have been 
introduced.into this country which make use of the 
flexibility of glass to transmit sufficient motion to 
operate contacts. This is possible because of the 
very - small contact separation necessary in a vacuum. 

Slepian and Strom in an Institute paper (Elec¬ 
trical Engineering, Dec. 1931) have given a 
valuable analysis of the factors which govern arc 
extinction in low-voltage network cables. It 
shown that the gas blast, as the result of the action 
of the arc on cable insulating materials, is largely re¬ 
sponsible for the clearing of faults. Data are given 
on the extinguishing characteristics of various types 
of chemical compounds. 

By intensive research, the possibilities of boric acid 
m connection with circuit interrupting devices have 
been developed to a point where commercial applica¬ 
tions are in sight. The production of water vapor 
from tiie boric acid by the action of the arc causes a 
powerful deionizing action. The water vapor may 
be condensed, thus making possible a very efficient 
enclosed fuse for high interrupting capacities. 

Miscellaneous 

H. B. Dwight has given a very useful analysis of 
tiie proximity effects in cable sheaths (A IE E 
Transactions for September). This is supple¬ 
mentary to the formulas published by him some years 
ago in the Electric Journal. 

In the same issue of the Transactions there is a 
group ^ of papers on the measurement and analysis of 
noise m electrical machinery which, in some aspects 
represents contribution of new knowledge as the 
direct result of careful research. The science of 
acoustics is becoming an important phase of elec¬ 
trical engineering. Since the world has become noise 
conscious the elimination of unnecessary noises will 
be only a matter of time. Some of the new portable 
noise analyzed which have been placed on the mar- 


. ket this last year make the measurement of the 
magnitude and the analysis of noises much easier. 

' By studies at the Westinghouse Laboratories, of 
: car and train models in wind tunnels, fundamental 
i data have been obtained on the advantages of stream- 
: lining. These results will be of great value in re- 
. during, power and making possible high-speed land 
; transportation. 

R. M. Baker has discovered that the presence of 
i small quantities of mercury vapor in a non-oxidizing 
: atmosphere very greatly reduces the contact re- 
• ^stance for certain types of brushes and slip rings. 
This may be of some commercial value, especially 
ymere it is wished to use very high current densities. 
(Elec. Journal , February 1932). 

. The development of the helical groove on slip 
nngs and commutators by G. M. Little promises to 
be of considerable value in connection with the prob¬ 
lem of current collection and commutation. Field 
tests have shown decided improvements in brush 
wear, sparking and distribution of current between 
brushes (Electrical Engineering, Tune 
1931, p. 427). J 

Researches on the conditions desirable for the 
greatest human comfort, namely, the effect of 
humidity, wall temperature, air flow, and ionic con¬ 
dition of the air, etc., have been very active during 
the past year. Also the usefulness of reversed re¬ 
frigeration for the heating of houses and buildings is 
being tried out commercially in several installations. 
Air conditioning is apparently to become soon a very 
considerable industry of great importance to the 
electrical interests. 

, Ver y sensitive research measurements have shown 
that all metals flow to some exdent at high tempera- 
ures and that this flow can be reduced by using 
proper heat treatment of certain alloys. Such 
1 ~. le f are us ed as a basis for new mechanical design 
of high temperature steam and electrical turbines so 
that proper clearance will be maintained throughout 
longlife. (Paper presented by F. P. Coffin and T. H. 
owisher at the National Applied Mechanics Meeting 
of the American Society of Mechanical Engineers, 
June 15, 1931.) 

In the field of radio, Bruce’s work on directive 
short wave antennas is of importance. 

There are two recent developments in piezo-elec- 
tncity worthy of note. Thin plates of tourmalin 
have, within recent months, shown themselves to be 
excellent piezo-oscillators, particularly for very short 
waves down to about two meters wavelength. An 
interesting circumstance in this connection is that, 
although tourmalin was one of the very first piezo¬ 
electric crystals to be studied, nevertheless the 
practical applications are of very recent date. An- 
other recent application of piezo-electric crystals is 
their use in filter circuits of very high selectivity. 

The researches on the fundamental electrical unit s 
•which have been under way at the Bureau of Stand- 
ards for several years have reached a stage such that 
pre l i min ary values can be given, subject to some 
minor Corrections. The^results confirm earlier de¬ 
terminations in showing that the international o hm 
is 5 parts in 10,000 larger than it should be, while the 
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grl-from changes in the German standard cells 
coils. Comparisons of fundamental standards in yea i s lv v 8 ' 0 tbe International Committee on 

recent years have shown differences betweent^ W^ts and Measures decided tha* eve Walltthe 
standards of different countries large enough to be Umts sll0uld be based upon absolute (me- 

troublesome m precise scientific work Direct rnm h ^i Ca1 .^ measurements rather than upon standards 
pansons between silver voltameters^ the Bmeau^f The International Co “ee 

Standards, the British Nationai Physical Labors- J? eets in 1933 i and it is hoped that definite plans can 
anstalt were mS^dming^th^ye ar at ^3erlin tli the new basis, assurii ig international unif *t 

m 


m 

Electrical Machinery 

annual report of the committee on electrical machinery. 


Activities of the Committee 

T HE committee during the year has reviewed 
approjmnateiy 50 papers, of which 24 have ac- 
tually been accepted and published. Work on 
the preparation of test codes has been carried on 
U £r i ^ tbe .y ear > and the Transformer Test Code was 
m preliminary form in October. Favor- 
aole comments have been received on this and work 
on the test codes for induction maS svncTro 

compSon. 1165 ' and d ' C ' maCh “ es is now approaching 

.While direct responsibility of the machinery com¬ 
mittee for standards, except for teansfoS iSs 
teen transferred to the Sectional Committee of 
tbe machmery committee has partici¬ 
pated indirectly m the revision of the rotating ma¬ 
chmery standards, and in particular has sp^nsomd 

tion P a S nd S de , termine ^curate efficiencies of induc¬ 
tion and direct-current motors. Mr. C. T. Koch’s 

The transformer subcommittee has been verv ac- 
tive m revising the Transformer Standards ^ 0^13 

? d j s undertaking the very important task 
of standardizing impulse voltage tests. 

Revisions in the standards for constant-current 
transformers and in the Standards Report on Ca¬ 
pacitors have also been prepared. 


Synchronous Machines 

One of the 200,000-kva., 0.8-power factor, 1800- 
r P ,m - ste am turbine-driven alternators (GE) 1 in 
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the Brooklyn Edison Company’s olant w u 
operate! successfully at its rated Mowatt ^utput” 

- kv d , 1S onn ing inStaIIed - A 121,000- 

Kva-, IS,000-volt, 1,800-r.p.m. (AC) unit was 
placed in operation at Waukegan ' and a 147 nm 
kva., 22,000-volt unit (AC) for the Stete Ltel s2‘ 

voh ,S 3fion e rn C, ^ StrUCt i 0n - A 25-000-kva., 13,foO- 
q ^ . rp ‘5J' m achme (W) was shipped to the 
1 , Se ™ ce Electric and Gas Company and is the 

kva? iTsO^ft^r.p “ S g ^ ator A %%»- 

ratedr^^g' 5 nn S kf* * eebdrive11 alternators 

r vm (com 1 |’ 800 volts > 25 cycles, 750 

a? S;. ( CGE ) are under construction for the 

Abmbl £^ n f on Development near James Bay. 

rGEl 1,2 fV 960 " 0 / 016 ’ sin & le_ P ba se generator 
erator /p^ 250 "^'' i.OOO-cycle, single-phase gen¬ 
erator (GE); and a 3,000-kva., 420-cycle single- 

(GE) repreSent leases ffi capadty 
over high-frequency machines of this type built be¬ 
fore the year 1931. yp De 

A 75,000-kva., 12,600-volt, 514-r.p.m., synchro¬ 
nous condenser (W) is under construction for the 

® diSOn . Compa " y ' This “ M m- 

syndu-onoi^condenser 114 ^ pr6Vi0US *** 

ti^v« e / e T has been considerable ac- 
tb ^ development of designs to improve the 
rting performance of industrial synchronous mo- 
tors, particularly as to higher torque per kva. in¬ 
rush. Several motors of 200 to 600 hp. at 300 to 

pH^i r,p,:m '/ haVe been bui . lt: with a starting torque 
kva u per ce ?^ S ^ :ar ^ n ^ torque over per cent 
rf5 5 "nt r Umty P ° Wer factor base ) of the order 

1 Manufacturer Designation: 

RuZa “js-Chal:mers Manufacturing Company 
^r A “ encaa Brown Boveri Company 

General Electric Company 

W-Westinghouse Electric & Manufacturing Company 


r 
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• 

. Two motors for pulp grinder drive (EM) will use 
stator windings in four parallels, and these motors 
w^Jl-be started by applying successively the parallel 
circuits all on the reduced voltage of the auto¬ 
transformer. These suitably tamed increments will 
reduce the kva. inrush to a minimum 
The twelve 5,500-hp. motors (GE) for the U. & 
Mail S.S. Company have been completed, and two 
ships with two motors each are in service. 

The S.S. President Hoover (GE) and the S.S. Presi¬ 
dent Coolidge *(W) each with two 13,250-hp. motors 
were placed in service during the year. 

Two 30,000-kilowatt frequency changers (GE) 
with generators rated 42,860 kva., 0.70 power fac¬ 
tor, single-phase, 25 cycles, and motors rated 36,000 
kva., 0.9 power factor, three-phase, 60 cycles, and 
operating at 300 r.p.m. are being installed at the 
Richmond Station of the Philadelphia Electric to 
supply power to the Pennsylvania Railroad electrifi¬ 
cation. These sets have twice the capacity of single¬ 
phase sets previously built. The generators are 
equivalent mechanically to 61,000-kva., three-phase 
machines. The frequency changers are designed for 
outdoor operation in steel enclosing housings. 

r Induction Machines * 

There has been considerable activity during the 
last year in induction machines. The demand for 
squirrel-cage motors for rapid and oft-repeated re¬ 
versing duty, of a nature heretofore confined to 
d-c. null type motors, has led to the development of 
special motors with low inertia rotors and liberal 
radiating surfaces. This demand came chiefly from 
the steel mill industry and concerned motors for use 
on furnace conveyers of the “stroke” type and motors 
tor newly developed automatic sheet handling appa¬ 
ratus as used ‘for hot finishing mills. The simple 
squirrel-cage motor, while it has some disadvantages 
as regards disposition of loss, nevertheless offers 
many advantages for this type of service, e.g., a low- 
merfra, sturdy, dependable, simple, rotating ele- 
inent, simplified control; faster-operating control' 
lower-cost motor and lower-cost control. The open- 
uF field t0 squirrel-cage motors will un- 

motor 6 ^ 7 ^ t0 ^ Wider a PP Hcation of this type of 

The u ? e of totally enclosed fan-cooled motors has 

wif 0ne company reports that 

over half of its induction motor production for last 
year was of the fan-cooled type. This type of motor 
is available in mounting dimensions the same as 
tiiose for open motors of equal rating up to fairly 
large sizes, and has been well received by the trade 

- tof^ndSons 1 * m ° t0rS Were subject t0 Wavated 

, e . S ^? 1 1 lllotors as mediums of control formed a 
successful means of maintaining levels on both ends 

htu bnd f e on the Missouri, Kansas, Texas Ry. 
Otto: novel applications of this type of motor as a 
co ^trol or as an mdicator are under way 
, '^^otionfrequency converters of the commutator 
; have, during the year, been built for use at fre¬ 
quencies a5 Tow as 2 1 /$> cycles. Machines of this 
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type with outputs at ten cycles have been supplied 
by a large manufacturer to increase the range of his 
slip-ring frequency converters. These latter, driven 
by a d-c. adjustable-speed motor, have a normal 
range of 120 to 180 cycles. By supplying 10 cycles 
to these converters at approximately y« normal 
voltage, the frequency range of these converters be¬ 
came 70 to 130 cycles, and a range of 70 to 180 cycles 
was made possible. These latter frequencies were 
used to supply small high-speed squirrel-cage motors 
and give them adjustable-speed characteristics for 
improvement in manufactured product. 

• 

Direct-Current Machines 

A triple unit motor has been built (ED) for ship 
propulsion. One auxiliary and two main motors 
are placed in line with their armatures on one shaft. 
The auxiliary motor is designed for low cruising 
speed with higher efficiency than could be obtained 
in the main motors at low speed. 

Two 2,500-hp., 282/708-r.p.m., constant-torque, 
induction motors have been built (AC) for driving 
reciprocating, 1,500-lb. per sq. in., boiler feedpumps. 
The Rossman system of varying speed is used. This 
is the first case where the d-c. armature has been 
mounted directly on the rotatable induction motor 
primary. 

■ A 12,500-hp., 44-inch, slabbing mill drive (W) 
has been placed in operation. Each main r pll is 
separately driven, without pinions, by a 5,000-hp. 
double-unit motor; the edging rolls by a 2,500-hp. 
smgle motor. Power is supplied by a 10,500-kw., 
^-c. composed of one induction motor, 
180,000-lb. flywheel, and three 3,500-kw. generators. 

A roll grinder has been equipped (W) with nine 
d-c. motors for controlling separately every motion 
and adjustment. 


Transformers 

Manufacturers have given increased attention to 
the design of both power and distribution trans¬ 
formers to better withstand lightning surges and to 
developing methods of impulse testing to indicate 
weakness in transformer insulation to such surges. 

Several large shell-type surge-proof power trans- 
fonners (W) of the new type were built, among them 
units of 42,000 kva., 220 kv. which were subjected to 
unusually severe impulse tests, 4,500-kva. units for 
the Pennsylvania Railroad and a 70,000-kva. unit 
for the United Electric Light and Power Company, 
which is thought to be the largest of the self-cooled 
type in this country. • 

Self-contained features for protection aga ins t 
lightning independently of transformer connections 
or grounding practise, and for prevention of outages, 
were accomplished by incorporating high-voltage 
deion gaps and coordinated low-voltage bushings in 
standard distribution transformers (W)>: 

Cover-roof type bushings arc a feature of a new 
line of distribution transformers (AC) intended par¬ 
ticularly for service on nirai lines, 

Two transformers (G-E) of new design were fur- 
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Table I. Mercury Arc Rectifier Unite Placed in Operation D«,i„ s mi or 


Purchaser 

Amer. Gas & Elec. Co., New York 

Boston Elevated Railway.' .. 

Cleveland Railway Company... 

Clinton, Davenport & Muscatine Rwv 

Commonwealth Edison Co. . 

Commonwealth Edison Co.. 

Commonwealth Edison Co... 

Commonwealth Edison Co...... 

Commonwealth Edison Co.. 
Commonwealth Edison Co. 

S' “S * Smelting Co. of Can.!!.' i 
Consol Mining & Smelting Co. of Can.. 
Detroit, City of.. . 

I. G.Farbenindustriefor Standard oilCo'' 

of Louisiana. 

Illinois Power & Light Company 

Indiana Railroad Company . 

Long Island Railroad Company. 

Long Island Railroad Company. 

Long Island Railroad Company...’. 

Los Angeles Railway Corporation.".. 

Louisville Gas & Electric Co....... 

Montreal Tramways Company .. .. 

Mason City >& Clear Lake Railway!'..'.'.'.’ 

N. Y. Board of Transportation. i 

JJ- Yr ® oard of Transportation.'" 

N. Y. Board of Transportation. ”'i 

N. Y. Board of Transportation. " ' 

N. Y. Central R.R. Company ' 

Northo-n Indiana Pub. Service Co.'.. 

Pans Orleans Rwy.—France . 

Philadelphia, City of. . 

Piedmont & Northern Railway. . ... 

Quebec Power Company. 

Regina, City of. * ‘ ... 

Sun Life Assurance Co. of Canada " “ 
Trenton Transit Company. 

v TV^ iti0n, -° ne f pare ‘■ectilier '(without I 
x Temporary installation. 

Elso reported 1030. 


No. of 
Sets 


on Order December 31,1931 


• 2 .610. . 

• 2 .600.. 

■xl .600. . 

• 1*... .700. . 

• 3..-. ..625.. 

• 1.625.. 

• 1.625.. 

• 1.625. . 

• I- ...625.. 

• 1.625.. 

• 1.650. . 

• 2.650. . 

• 1 ... ..600.. 

°I... .3,500/. 

9,600 

• 1.630. 540. 640. 

' 3 . 623 . 850.1,700.. 

x l ..3,000. ......3, 000 .. 

\ . 3,000.12,000.. 

1 . 1.600. 3,000.. 

1 -650. 600. 600*. 

10 . 3,000.30,000...' 

15 .“5.3,000..... 39, 000 ... 

15 .025.3,000.45,000... 

,.025. 3,000..... 39,000. 

J "'® 55 -*--' 3 ’ 000 .3,000... 

J --!' 3 ® 0 . 3,000. 3,000... 

1.... 1,500.1,600.1,500... 

?••• V ? 50 . 3 ’ 150 .6,300... 

1.... 1,500. 750. 750. 

1 .. 1.200 . 1 , 200 ." 

1 . 373 . 1.200 .. 1 , 200 ... 

1 .250. 400. 800... 

.1,400.4,200... 

transformer) was supplied. 


Kilowatts 
per Set 

•500... 

•. .3,000... 

•• • 500... 
... 500... 
... .3,125. .V 
...2,080.... 
...3,125.... 

• • .3,125.... 
...3,125.... 
. ..3,125.... 

• •. 6,500.... 

• • • 6,500.... 

... 2 , 000 .... 


Total 

Kilowatts 

..*. 1 , 000 ... 
... 6 , 000 ... 
... 500... 
•.. 500*.. 

• • • 9,375... 

• .2,080... 
• .3,125... 
..3,125... 
..3,125... 
•.3,125... 
-.6,500... 
.13,000... 
.. 2 , 000 ... 


Type of 
Control 

. •. Automatic. 

... Automatic Remote 
. Semi-Automatic;... 

.. .Automatic. 

•.. Manual... .. 

•.. Automatic. 

•.. Automatic 

• •. Manual. 

... Manual. 

• ■ Manual. 

• ■ Manual. a .. .. 

.. Manual. 

• ■ Automatic. 


Control. 


•2,200....'...2,200.Manual.... 


Service 

.Railway. 

.Railway. 

.Railway. 

.Railway.. 

. Railway. 

. Railway. 

.Railway. 

.Railway. 

.Railway. 

. Railway. 

. Electrolytic. 

. Electrolytic. 

. Railway. 


Placed in 
"Service 


.1931. 

-1931. 

-••.1931. 
....1931. 
....1931. 

• • • .1931. 
... 1931., 
. .. . 1931. , 

• .. .1931.. 

• .. .1931.. 

• . • . 1931.. 
....1931.. 
....1931,. 


Manufacturer 


• • Automatic. 

■ Manual. 

■ ■ Automatic Remote 

• Automatic. 

• Automatic. 

. Automatic Remote 

.Automatic. 

. Automatic Remote 

. Automatic. 

. Automatic Remote 
. Automatic Remote 

. Automatic Remote 
. Automatic Remote < 
. Automatic Remote I 

. Automatic. 

- Automatic. 

.Manual. 

Miromatic. 

Automatic. 

Manual. 

Manual. 

Manual..' . 


. Electrochemical 


.. .BB 
.. .GE 
.. . W 
.. .BB 
. .BB 
. .BB 
.. BB 
• ..GE 
. .. GE 
.. .GE 
.. .GE 
.. BB 
. GE 


Control. 


> Control. 

Control. 

Control. 
Control. 
Control. 
Control. 
Control.. 


. .Railway. 

.. Railway..... 

.. Railway. 

. .Railway. 

. .Railway. 

. .Railway. 

. .Railway. 

. .Railway...... 

. Railway. 

.Subway. 

.Subway. 

.Subway. 

.Subway. 

.R.R. Electrif'n 

.Railway. 

.R.R. Electrif’n 

• Railway. 

■ R.R. Electrif'n 

• Railway.. 

• Railway... ,., 

. Power. 

.Railway. 


al... .Being. ... 
erected 

.1931... 

.1931... 

.1931..., 

.1931.... 

• ... On order.. 

.1981.... 

. 1931.... 

.1931.... 

..... 1931.... 
.1931.... 

• Being erected. 

.... On order... 
•... On order... 

.1931.... 

.1931.... 

.1931.... 

... On order... 

.1931... .. 

.1931*. .. 

......1931. 

.1931. .. .. 

.1931. 


Totals* 


Placed in service. 

Being installed.. . ." . ! 

On order. 


No. of 

Sets Kilowatts 


No. of 
Sets 


Kilowatts 


■127,845. 33 ., 

. 41,200. 26.. 

. 102,300. 20 

•271.345.. 88 .’.' 


., Gmnd total for year.......! .* ml [ [ 2704 ,. f a 

I otal number units in service, .. 

induded 123 ' 


. ■ 75,225 
. . 71,400 
. . 79,275 
. .226,900 

.. 177,534 


!ii 1Sl th* °& erat ' e a ? X : ra y tube for cancer research 
m the California Institute of Technology Each 

tuut is rated 0.03 ampere at 700,000 volts to ground 

ntmuously, and operates in series with mid-point 

Xray d tube S g M00 '° 00 V ° lts 

lavel indicators were made available 

! AC) * f f r p0wer> lar £ e distribution, and 
high-voltage instrument transformers. This e-ane 
has numerous advantages over a glass oilgagebe- 
cause it is more easily read, and more easily main- 

tSs I f d -? 1 tlg J lt ’ , lt has no 2 lass t0 become dirty on 
themside or break and allow oil to run out. 

tralsfni^« be l ? p£ lf ity bf load-ratio control 
ansformers exceeded all previous records. The 

r«+I e i° P?nen v of a design (GE) suitable for lower- 
rated circuits up to 15,000 volts, single-phase or 
tiiree-phase, resulted in an economical application of 

Tbkt a i 10 < ; ontr ? 1 t0 distribution transformer sizes. 
5 ^ equipment was applied to the new three- 

wnrtt I>5 f >0 ' kva - tran ^P r mer s for high-voltage net- 
orks. A new line of standard tap chhngers (W) 


using standard parts suitable for wide rane-e nf 
. capacities as low as 200 kva. were completed “‘ g f 

f ni ^, neW /vJT e °f mert aire protection for power trans 

perfe e ctod (W) ATr d hT a ^ 

p ctea. a. um-directional breather 
use on power transformers, which induces a nltJZ 
circulation of air over the oil in the maL transfomer 
tank or expansion tank to reduce condensation^ 

carry off condensed moisture was developed. 

Mercury-Arc Rectifiers 

i ,£ se of rectifiers has continued to exoand 
&iex year 38 indicated b y formation confined 

The large number of additional 3 000-kw go* 
umts ordered by the New York Wd of xTans^rta 

th°repnf h t e i 1 0UtStat ]:^ n8: feature of this year. Twenty- 
three of these rectifiers were ordered last year and 28 

this year, making a total of 51 sets (GE) S a tot j 
capacity of 151,000 kw. v ; n a total 

The three 6500-kw. 650-volt electrolytic rectifiers 
listed in this and last year’s report w?e placed fn 
service during the year. P d ln 

• 4 3,000-kw.^650-volt sectional rectifier (W) con 
sistmg of four 750-kw. separate rectifiers arranged in 
a c—tnmb, was developed and placedSric” 
"““Plete portable mer?ury-arc rectifier 

recS Sith 0 ^ 18 ^ ° f a «40-kw„ 650-volt (W 

transformer and control, cooling svs- 
Power & Li^t Cmnpanyf. sendca V the Ulin^is 


* ‘ 















Protective Devices 

^ $ 

ANNUAL REPORT OF THE COMMITTEE ON PROTECTIVE DEVICES* 


HE work of the Committee on Protective De¬ 
vices during the past year was handled largely 
through subcommittees as has been the prac tis e 
for several years. These subcommittees are listed 
below together with their chairmen: 

Rfkys.....•.O. C. Traver 

Oil Circuit Breakers, Switches, and Fuses.T. G. LeClair 1 

Lightning Arresters..H. E. Sels 

Fault Current Limiting Devices...R. T. H en ry 

Interconnections 2 ..F. C. Hank er 

General 

The committee continued its activities in following 
the preparation of standards, and review of research 
aiid development, although the main activity during 
the year was fostering the preparation and presenta¬ 
tion of papers before the Institute. 

While the technical achievement during the year 
is very satisfactory in view of the general business 
conditions, these conditions of course had a de¬ 
pressing effect on research and developmental ac- 
trvities* Progress in this respect consisted largely 
01 refinements and extensions of fundamentals previ¬ 
ously established. 

Difficulty in securing agreement relative to certain 
matters concerning the standards for fuses and the 
revised standards for disconnecting, horn-gap and 
™fe. switches has prevented completing these 
standards. Plans have been made for a course of 
action which it is believed will permit of putting these 
standards into report form. Every effort is being 
made to place Jhese standards in such shape that 
complete agreement may be secured which will per¬ 
mit their adoption as Institute Standards. 


turer in order to accommodate the relays in a new 
c ^ se > with standard stud arrangement, 
which is. being used to a large extent for front of 
panel switchboard devices. 

A high-speed current differential relay for trans- 
former protection having an operating speed of 
0.004 second has been developed. 

Numerous refinements in mechanical details con- 
tnbutmg to the reliability and accuracy of relays 
of all types have been carried forward. 

Completed developments in coupling and pro- 
tective equipment for all carrier-current applications 
include cable-type coupling-capacitor assemblies for 
all voltages from 115 to 230 kv., inclusive. 

In order to secure a consensus of present day prac¬ 
tise in regard to protection of apparatus of all 
classes, a questionnaire on this subject has been sent 
to a number of engineers, and a number of replies 
has already been received. 

An important advance in relay application during 
the past year has been the wide increase in the use of 
the method of symmetrical components for deter¬ 
mination of not only the fault current but also the 
voltage and current at the relay location, particularly 
for distance relay applications. 

The ^following papers appearing under the aus¬ 
pices of the committee have been presented before the 
Institute: 

A New High-Speed Distance Relay, S. L. Golds- 
borough and W. A. Lewis, Westinghouse Electric & 
Manufacturing Co. 

Application of High-Speed Relays, G. W. Gerrell 
Union Electric Light & Power Co. 

A New High-Speed Distance Relay, A. R. Van C. 
Warrington, General Electric Co. 



Relays 

Report of Subcommittee 

The development of high-speed relays continued, 
resulting in marked improvements to primary 
power-system relays generally, and in new develop- 
ments in the a-c. railway and secondary distribution 
network system fields. 

One of the manufacturers has developed so-called 
steMg-hthnc relays, particularly for application on 
4,000-volt networks which are capable of discriminat- 
mg^and operatmg on very small differences in current, 
although these currents may be quite heavy. 

during the year was the re- 
design of a ll types of relays by at least one manufac- 

* COMMITTEE ON PROTECTIVE DEVICES: 

Raymond Bailey, Chairman 
Id. P. Hickernell, Vice-c hairman , 

XT TXT ./n •!«« . 


H. W. Collins, 

A. W. Copley, 

W. S. Edsall, 

L. E. Frost, 

S, L. Goldsborough, 
R. T. Henry, 

E. A. Hester, 


T. G. LeClair 
J. B. MacNeiU. 

J. P. McKearin, 

H. A. McLaughlin, 
D. M. Petty, 

H. J. Scholz, 

H, X Sets, * 


H. P, Sleeper, 

L, G. Smith, 

E. R. Stauffaeher 
H. R. Summerhayes, 
O. C. Traver, 

E. M. Wood, 

H. B. Wood. 


Relay Operation From Bushing Potential Devices, P. 

O. Langguth, Westinghouse Electric & Manufactur¬ 
ing Co., and V. B. Jones. 

Operation of Relays From Carrier-Current Coupling 
Capacitors and Capacitance Transformer Bushings, 
J. E. Clem and R. E. Cordray, General Electric Co. 

of Wave Form on Operation of Induction Relays, 

P. H. Robinson, Houston Lighting & Power Co. 

A Telegraphic Pilot-Wire Relay System, C. H. Frier 
Oklahoma Gas & Electric Co. 

Oil Circuit Breakers, Switches, and Fuses 

» 

Report of Subcommittee 

Intense interest has been shown during the year in 
the fundamental theories underlying the various 
arcuit breaker developments of the last few years. 
These discussions have resulted in clarifying concept 

was pointed chairman of the subcommittee da oil circuit 

“k fuses . on 4, 1932, when Mr. Hickernell resigned 

as chairman of this subcommittee. ^ 

. u 0ns - subcom, ? li tt e e is a joint subcommittee having repre¬ 

sentation from the following committees: Protective Devices, Power Generation, 
Transmission and Distribution, Electric Machinery. 





June 1932 


tions of the theories on which these new tv'oes of 
breakers operate and has laid ground work for further 
development in the future. ThTi^t ofta£f 
mental development which this intensive scrutiny 

records "do by sati !f actor y Performance 

^ q altZ amty ° f * “ 

me t al ; C l a M switc bgear has been improved in a 
umber of details and the development has been 

“ ? ten ? pti fS: ratings of 500,000 kva at 
f P r mdoor breakers and to 1,500 000 kva at 
132 kv. for outdoor breakers. ’ kVa ‘ at 

The oil-blast and deion grid principles of breaker 

t0 W high rat^ 
“ ty P e ^ have appeared in the metal-clad 
construction. Elaborate tests on a 1,500-amoere 

, h r gh ~ Speed deion circuit breaker were per- 

Wed^ for a railway application. Seventy-two 
short circuits ranging from 2,720 amperes to 50 500 
amperes were thrown on the breake?Tn about five 

n nfl tm Z S Tl 0f tbese short circuits lasted only 
0.024 second and the duration of the longer ones was 

from S n°nm + of fifty tests at current values-. 

rj °^° 00 am P eres was run on impulse 
K f ° 1 ll " bla f t breaker of a corresponding rating 

5? Clears the ch'cuit in 0.04 second or h£ 

over the full current range. 

_ Deveiopments in air circuit breakers include ex- 
opemting 0 sp e C ed rreUt rat “ gS a ° d “provements “ 
The fuse manufacturers have been active in the 
eOTuoS Unpr0Ved Vpe fuses - which are more 

There is a fairly widespread feeling among operat¬ 
ing engmeers m particular that some improvS 
£££ made on *»“ basis of rating of P 0 il “ 

n7 be foll °wi n g papers appeared under the auspices 
Institute ” 11111 ^ 6 ^ haVe been presented before the 


PROTECTIVE DEVICES 


441 


The Theory of Oil-Blast Circuit Breakers, D C 

Pnnce, General Electric Co. 

T J?. e Practical Application of the Oil-Blast Principle 
trifco Interru & ton * R - M - Spurck, General Elec- 

Recent Developments in Arc Rupturing Devices, R 

Leeds> Westinghouse Elec ‘ 

The Extinction of Alternating Current Arcs in Tur - 
SS&JgS* ^ WeSti ^ouse Elec- 

Application of Primary Distribution Fuses, F E 
Sanford, Union Gas & Electric Company. 

Phe Expulsion Fuse , J. Slepian and C. L. Denault, 
Westinghouse Electric & Manufacturing Co. 

Fuse Cut-Outs—Their Design and Application for 

Electrk'co^ Ctrcwits > E - G. Newton, General 

r Th e Boric Acid Fuse, A/P. Strom and H. L. Raw- 
lms, Westinghouse Electric & Manufacturing 1 Co. 


, Fault Current Limiting Devices • 

Report of Subcommittee » 

The committee ismot aware of any developments 
relating^to fault current limiting devices of sufficient 
importance to warrant including in this report 
Operating experience with such devices anoarentlv 
continues-to be quite satisfactory, and thTneed for 

SSl de ; el0Pment iS therefore not particularly 

* 

% 

Lightning Arresters 
Report of Subcommittee 

As in other lines, the developments on lightning 
arresters consist principally of extensions of recenUv 
developed, funtiamental theories to a greater varietv 
of foms of station and line type mrSf X a 
marked^^improvement has been made in the mechani 
cal design and construction of lightning arresters 

. g&gfig™ the maintenance of their electrical 

considerable improvement in the techXof flult 
locarion. _ Newly developed Hghtning current metes 

SSJKTiSysSSjiS? used to “ tte 

made m conjunction with study of applicatteTof 
^btn“ g arr ? teS t0 distribution tensfoXer in 
Uations and associated line construction. 
Considerable experimental work concerning 

floUaKl a - n< ? groui ? d connections resulted in making 
avafiabie information which may be-used to improvf 
the effectiveness of hghtning arrester applications. 

prote . ctl J e devices have been developed, ar- 
ffi d ^^° n i illside of the distribution 

* Th c lS development marks a new phase 
m the problem of protection of transformers against 

. be ^cts of hghtning and should result in very much 

unproved operating experience. y 

NFT r A P ° r c if* pre P aration jointly with the 
N.E.L.A. Subject Committee on Lightning Ar- 

Sifr’ ° UtHning * he Pmvailing practise on the in- 

tvoe^nf 15and experience of various 
types of lightning arresters by a number of the 

larger operating companies. This information should 

be valuable in observing the present trend of 

operating practise on transmission and distribution 

systems relative to arrester installation, operation 

akn P ^°S Qan ? f S affectin g Stable standards, and 
^s.^d equipment should be de- 

:l oped -° det f rmme the operating condition of 
arresters m service. 

Lightning arrester manufacturers have contributed 
develo P ment of more powerful testing 
more accurate recording apparatus 
which has been used to carry out the proposed tests 
outhned m the Report on Standards for Lightning 
Arresters and has effectively demonstrated ’the value 


# 
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characteristics of 

r 


.of these tests to dete rmin e the 
lightning arresters. 

Xbe report on# Standards for Lightning Arresters 
continues m its tentative form and it will probably 
not be feasible to revise this report until work now in 
progress on the characteristics and coordination of 
system insulation with respect to lightning has' 
progressed further. 

Interconnections 
Report of Joint Subcommittee 

.Joint Subcommittee on Interconnections in¬ 
cludes representatives of the Protective Devices 
Power Generation, Transmission and Distribution’ 
and the Electric Machinery Committees. 

^ At the Winder Convention 1932 the session under 
the auspices of the subcommittee included two sub¬ 
jects of particular interest to the Protective Devices 
Committee, namely, the “Report of the Subject 
Committee on Definitions of Terms Used in Power 
System Studies and the papers presenting revised 
decrement curves. 4 

The activity of various engineering groups in stud¬ 
ies of interconnection has built up a terminology far 
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which there has been no official recognition. A Sub¬ 
ject Committee has been at work on these definitions 
for some time and presented a report that will be 
used as the basis for the consideration of such 
definitions by the responsible standardizing bodies 
A large number of these definitions is related to sub¬ 
jects oLinterest to the Protective Devices Committee. 

The papers oh decrement curves and short circuit 
calculations are: 

I~Standard Decrement Curves , W. C. Hahn Gen- 
eral Electric Co. and C. F. Wagner, Westinghouse 
Electric & Manufacturing Co. 

H Calculation of Short Circuits on Power Sys¬ 
tems, C. F. Wagner, Westinghouse Electric & Manu¬ 
facturing Co., and S. H. Wright, Buffalo, Niagara & 
Eastern Power Corporation. 

III~—Decrement Curves for Specific Systems, W. C. 
Hahn, General Electric Co. 

During 1918, Messrs. Burnham, Hewlitt, and 
Mahoney discussed decrement curves for relay and 
circuit breaker applications before the Institute. 
Th% group of papers presented at the last Winter 
Convention brings the subject up to date, utilizing 
the further Imowledge of machine characteristics 
accumulated in the intervening period. 


Instruments and Measurements 

ANNUAL REPORT OF COMMITTEE ON INSTRUMENTS AND MEASUREMENTS* 


T HE Committee on Instruments and Measure¬ 
ments during the year 1931-32 has had an active 
membership of 23 members. At the meeting 
held m October 15 members were in attendance, and 
at the meeting held m January 13 members attended. 
Considering the geographical distribution of the 
manbership, this attendance is exceptionally good. 

The work has been organized through subcommit¬ 
tees to take care of the following subjects: 

1 . Recording instruments 

2 . Telemetering 

3. Definitions of instruments and testing 

4. Instrument transformers 

5. Indicating instruments 

6. Temperature measurements 

7. High-frequency measurements 

Subcommittee on Recording Instruments 

This subcommittee has been engaged for several 
years on t he development of standards for recording 


* COMMITTEE ON INSTRUMENTS AND 
J. Rutan, Chairman, 


fit. S. Baker, 

R. & Bean, 

O. J. Bliss, 

P. A. Borden, 

H. B, Brooks, 

A. L. Cook, ; 

E. D. Doyle, 

W. ‘W. Eberhard, 


Marion Eppley 
J. B..Gibbs, 

W. N. Goodwin; Jr., 
I, F. Kinnard, >. 
O.A.Knopp, 

A. E. Knowlton, 

H. C. Koenig, 

W. B. Kouwenhoven, 


MEASUREMENTS: 

F. A. Laws, 

;■ E. S, Lee, 

J. B. Lunsford, 
Paul MacGahan, 
R. T. Pierce, > 
W. J. Shackelton, 
H. L. Thomson, 

. H..: M. Turner. 


instruments. During the year its work was com¬ 
pleted and a draft of the proposed standards was ap¬ 
proved by the Instruments and Measurements 
Committee. These have been forwarded to the 
Secretary of the Standards Committee for adoption 
and publication. This subcommittee has been un¬ 
der the chairmanship of Mr. Kinnard and is to be 
complimented on the completion of a task which in¬ 
volved such a large amount of painstaking work. 

•Subcommittee on Telemetering 

This subcommittee has concluded its work on 
standard definitions which have been approved by 
me Instruments and Measurements Committee. 
These have been submitted to the Secretary of the 
Standards Committee. 

. .Edition work of following developments, 
in this* field, it has undertaken to cooperate with a 
subcommittee of the Automatic Stations Committee 
m the preparation of a report on telemetering and 
supervisory control systems and related communica¬ 
tion systems. This report is a very comprehensive- 
sjirvey of all the known telemetering systems, which 
have been critically analyzed so as to provide de¬ 
tailed information in reigard to the limitations and 
operating characteristics of each. It is hoped to. 
ha v^e this report for the Summer Convention. Mr- 
E. D. Doyle is chairman of this subcommittee. 
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Subcommittee on Definitions op Instruments 

n and Testing 

This subcommittee is an outgrowth of the co- 

Commit ° f •!£* I USt ™ m ? nts and Measurements 
Committee with the Sectional Committee of the 

Stan - da ! ds Associa -tion which is preparing 
definitions on mstruments and ’testing. Mr. E S* 

Lee as chairman of this subcommittee has been as- 
asted by the chairmen of the Recording Instrument 
Telemetering, Instrument Transformers, and Indi¬ 
cating Instruments subcommittees as well as all of 
rnW^ berS ^J^ents and Measurements 

SteShW* Val U able suggestions and con¬ 

siderable work has been done in the criticism, correc- 

tion. and re-arrangement of several of the drafts of 

definitions submitted to this subcommittee. Toint 

meetings were arranged with the members of the 

an f 95 a result > an acceptable 
draft of these definitions has been completed 
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ments were made to cooperate with a committee 
appointed by the Standards Committee to draff 
definitions and standards for sound measurements. 
The subcommittee is also makings study of vactfum 
tube voltmeters and will prepare a report on this 
^subject ^during the coming year. 

Institute Sessions and Papers 

In addition to the Committee work through its 

^re°mX'f eeS ti, 0n defini ‘ e Ejects arrangements 
r for t J e P ro “ otlon of a session at the Mid- 

de listed Mow PapefS Were presented and 


Subcommittee on Instrument Transformers 

The Subcommittee on Instrument Transformers 
has been active for the past two years in the revision 
of standards No. 14 and has about completed its 
work and is preparing to submit a final draft of these 
standards to the members of the Instruments and 
Measurements Committee. Mr.. J. B. Gibbs is 
chapman of this subco mmi ttee 

Subcommittee on Indicating Instruments 

Indicating instruments standards No. 23 which 
have been available to the industry since 1927 have 
been under consideration for revision during the past 
ye a r. Based on CQnsiderable progress in the art 
since the standards were issued and the experience 
oi the Instruments and Measurements Committee 
many desirable changes will be made and new data 
incorporated in these standards. An early report 
irom this subcommittee is expected which, upon 
approval by the Instruments and Measurements 
Committee, will be forwarded to the Standards Com¬ 
mittee. Mr. H. C. Koenig is chairman of this sub¬ 
committee. 

' * 

Subcommittee on Temperature Measurements 

This subcommittee, which is under the chairman¬ 
ship of Mr. H. C. Koenig, has been working on the 
preparation of a standard code for temperature 
measurements. The scope of this work is to cover 
ah the requirements of temperature measurements 
as specified in the various standards of the Institute. 

It is expected, when completed, a very comprehensive 
procedure will be available for uniform measurem ents 
of temperature. 

Subcommittee on High-Frequency * 
Measurements 

This subcommittee has been active under the < 
chairmanship of Prof. H. M. Turner. Arrange- j 


» f h J? tgh Y 0 }^ 6 Brid & e f° r Measurements of Cable 
t with Crowded Sheaths, C. L. Dawes and A. F. Daniel. 

e T _ ^ Sensitivity Power Factor Bridge W B 
e Kouwenhoven and Alfredo Banos, Jr., 

thYrnYY < ^ itanC i YY P J? wer Factor Measurement by 
the Capacitance Bridge, R. P. Siskind. y 

andR 0sciu °graph, C. M. Hathaway 

s 5. The Photoelectric Recorder, C. W. La Pierre. 

1 rHysteresis in Instrument 

5 Springs, P. MacGahan and R. W. Carson. 

J f n r a |? didori to the pa P ers presented at, the session, 

[ the following papers were reviewed by the various 

! SEJSf ° f Instruments and Measurements 
Committee and co mment ed upon: 

Shuck^ Metering °f Symmetrical Components, G. R. 

* SoundAbsor ^ A. 

Jd of Problems of Regular Sched- 

4. The Photoelectric Recorder, C. W. La Pierre 
hoven Standard °f Low Power Factor, W. B. Kouwen- 

X ^chmidt^ M easurements in the Gas Industry, E. 

.7/ A Special Application of the Potentiometer Prin- 
ciple, J. L. Watson and R. C. Gleeson. 

8. A Bridge for Precision Power Factor Measure- 
T& Moo™ 1 * 04 Samples > J' C ‘ Balsbaugh and 

_ 9 ; Skin Effect in Rectangular Conductors, H C 
Forbes and L. J. Gorman. 

Conclusion 

The Chauman wishes to acknowledge at the com¬ 
pletion of Ins two years of office the hearty co- 

° P f a n t i 0n of a11 of tbe ambers of the Instruments 
and Measurements Committee. The work of the 
vice-chairman, secretary, and chairmen of the sub¬ 
committees was of especial importance in the success- 
ful completion of many of the projects which we had 
before us. From several years contact with this 
committee as a member and as chairman, the writer 

TS T*?- ™P ressed t-y the interest dis¬ 
played, and feels highly confident concerning the 
continued activity in this field of the electrical en- 
gineering art as sponsored by this coipmittee. 




Transportation 

ANNUAL report of the committee on transportation* 


Railroad Electrification 


T HE Reading Company began operation on 
July 26, 1931, of the first portion of its elec¬ 
trified suburban service r unnin g out of Phila¬ 
delphia. Multiple-unit cars are now operated over 
64.6 miles of route embracing 156.9 track miles and 
the electrification of two more branches is in progress * 
the completion of which will bring the total elec¬ 
trified mileage to 86.9 route miles or 203 track miles. 
Single-phase, 25-cycle, alternating current is supplied 
by the Philadelphia Electric Company through out¬ 
door frequency changer sets located on the railroad’s 
property at Wayne Junction, and is distributed to 
the trains over a 36,000/12,000 three-wire system 
with 12,000 volts between the overhead contact 
wires and the rails, and 24,000 volts between the rails 
and the feeders earned on the catenary structures. 
Provision has been made on these structures for, 
supporting transmission lines of higher voltage when ’ 
future extensions of the electrification make it neces¬ 
sary. OveP a part of the right-of-way steel towers 
are to he used jointly by the power company for high- 
voltage transmission and by the railroad for support- 
ing its catenary system. All of the power switching 
is handled from a single supervisory control board 
at Wayne Junction, at which point also are located 
the repair shops and storage yards for the car 
equipment. 

The Pennsylvania Railroad Company has made 
vety considerable progress on its project for com¬ 
plete electrification between New York and Wash- 
“S™?- • Th , e °VeAead contact system has been in¬ 
stalled m the New York Terminal zone between 
Sunnyside Yards on Long Island and Manhattan 
Transfer in New Jersey, where d-c. third-rail loco¬ 
motives have been used hitherto, and a-c. locomo- 
tives are now handling some of the trains. Con- 
struction is progressing between Manhattan Trans- 

ShiVW Trent0 . n , + . New . Jersey, the completion of 
Inch, m association with the work already done 
will permit electric operation from New York as 
far as Wilmington. The erection of catenary struc¬ 
tures between Wilmington and Washington's been 
begun. Several locomotives of the new standard 
de si gn s have been placed in service. The motors 

andlTc^a^dPth ° f P ff^f locomotives (2-B-2 
Wo • + i? d ^ road freight locomotive fl-D- 1 ') 

wc 1 ?h erdlan ?!. able aTmaLtm ^> stators, and other 
parts, those on the passenger engines being mounted 

m twin frames, a pair for each driving^LS while 
* 10 * on the freight locomotive axe^uSed 
P* 11 ^ ™ each of the four 'driving axles 


The motors all have a continuous rating of 625 hp. 
per armature. Standardization and interchange- 
ability of parts have been carried out as far as pos¬ 
sible throughout the design of these locomotives, 
both in the mechanical parts and in the electrical 
equipment. These standard motive power units 
may be operated in various combinations to provide 
the tractive effort required for different classes and 
weights of trains. 

The New York Central Railroad has eliminated 
the use of steam locomotives on its “West Side” line 
in New York City, full operation by either electric 
or oil-electric locomotives having been inaugurated 
^ Third rails supplying direct current 

at 650 volts have been installed as far south as 72nd 
Street, but only to a very small extent in the yards 
between 72nd and 60th Streets. No external power 
supply has as yet been provided on the tracks which 
lead (still largely on the city streets) to the smaller 
yards _ and terminals further downtown. The lo¬ 
comotives which handle the switching and transfer 
work m this territory have oil engine-generator sets 
and storage batteries to provide their own power 

J are „ als 1 0 equipped to receive power from the 
third rail where it is available. 

The New York, New Haven & Hartford Railroad 
as placed in operation the ten new passenger loco¬ 
motives mentioned in last year’s report. They 

J! 1 r h i.n 03 , ? 00 -i?* and . have the 3x16 arrangement 
z ^“r^-^with a weight on drivers of 45,600 lb. 
per axle. Each of the six driving axles is connected 

to a twin motor with a continuous 
rating of 550 hp. These locomotives are notable 
for improved motor design, giving better commuta¬ 
tion and increased tractive effort. 

Off-electric locomotives, as well as off-electric and 
gasohne-electnc raff motor cars, are finding an in- 
creasmg number of applications. Seven such loco- 
motives recently placed in service by the Bush Ter- 

“°r any U Broo ¥ yn ’ New York > are unique 
r a ^ S ’ underframes, and trucks were 
abneated entirely from structural shapes and 
plates, with electric welding and no riveting. 

^u^ioning on passenger cars and experi¬ 
ments with rubber-tired rail cars are among recent 

Tiding which contain dements 
of interest to the electrical engineer. 


Railroad Signaling 


COMMITTEE ON TRANSPORTATION 

E. L. Moreland, Chairman, 


Reinier Beeuwkes, 
A. E. Bettis, 

H. A. Currie. 

J* V. B. Duer, 

H. H. Field, 

I. W.F&fc, 


X. T. Healy, 

H. N. Latey, 

John Murphy, 
Hippolyte Parodi, 
W.B. Potter, 

R- H. Rice,* 


S. A. Spalding, 

N. W. Storer, 

W. M. Vandersluis, 
R. P. Winton, . 

Sidney Withington, 
6.1. Wright. 


A nrnnber of additional installations of the re- 
emtty devdoped methods of centralized traffic con- 
trol was made during the past year. These, together 

rnltamat,V°S‘ Ple f °1 ? f . man y w interlocking plants, 

kghway crossing signals, and car 

tfnn ff ? ke ? t th ? r ?r 0 . rd of progress in the installa- 
hon Of signahngfacihties.jip to about 65 per cent of 

thevoh™ P f V10 " s ye ** m spite of the reduction in 
tne volume of construction in general. 
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The New York City Board of Transportation has 
completed the equipment of the new 
Eighth A vei jue Subway from Fulton Street to 207th 
Street, Manhattan, and has received 300 cars which 
have been tested in trial runs and are ready for the 
beginning of operation. Five hundred more cars 
have been ordered in preparation for extension of the 
service to other sections of the new system which 
are under construction in the boroughs of Brooklyn 
Queens, and the Bronx. The substation equipment 

f °K lme ? include 16 converters in five 
substations with an aggregate capacity of 53,000 
kw., and 62 mercury arc rectifiers rated at 3,000 kilo- 
watts each, most, of which will be placed in indi¬ 
vidual subterranean compartments along the subway 

Systematic efforts are being continued to design a 
type of street car which will more successfully meet 

°^ the . buses and the private auto¬ 
mobiles. tendencies are toward the use of light- 

double ; tru . c k cars, with small wheels and low 
floore, equipped with small high-speed motors giving 
rapid acceleration and high car speeds. C™ 
has been unproved by the use of a larger number of 
resistance steps and also by the introduction of 
variable-automatic control" in which the operation 
JTu resi ® tance contactors is governed by relays 
but the motorman can select the rate of acceleration 
according to traffic or rail conditions. Braking by 
means of electromagnetized shoes on the car acting 
gainst the running rails is being used to some extent. 
Higher speed and lighter weight are the tendencies 
in interurban cars also, and some attention is being 
given to improvement in body design to reduce 
wind resistance. 

The use of trolley buses is being extended, such 
vehicles having been purchased for seven cities dur¬ 
ing 1931, at the end of which year there were 225 

State 7 bUS6S m ° peratio11 in 14 cities in the United 


Aerial Transportation 


Marine Transportation 

The two largest passenger liners built in the United 
btates, the President Hoover and the President 
Coolidge, were placed in operation during the past 
year m mtercoastal and transpacific services. Each 
of these twin ships has two 10 , 000 -kw. turbine- 
dnven generators which supply the synchronous- 
induction propulsion motors with three-phase al¬ 
ternating current at 4800 volts, and also four 500-kw. 
turbine-driven d-c. generators which very completely 
serve the auxiliary equipment on board, including 
steering gear, winches, capstans, air compressors! 
refrigerating machines, blowers, pumps of all sorts 
elevators, cooking equipment, stateroom heaters' 
fans, etc., in addition, of course, to searchlights and 
£ e ** ei " a l lighting. Several other smaller motor-pro¬ 
pelled vessels with generators driven by steam tur¬ 
bines or oil or gasoline engines were placed in com¬ 
mission during the year. (See also the report of the 
Committee on Applications to Marine Work:) 


The U.S. Navy dirigible Akron carries considerable 
electncal equipment, including £ searchlight and 

appliances, radio equip- 

V ba * tery ^afgmg set and other motors 
The energy is^ supplied by two 11-kw., 115-volt d-c. 
generators driven by gasoline engines. The huge 

Tf* l y Which the is towed into 

““LS? °, f lts han ^F at Bakehurst, N. J., is pro- 
£5j? ed i W ° cater P lllar tractors driven by 125-hp 
250-volt, d-c. motors and is steered by a third 
caterpillar driven by an 8 -hp. motor. A 240-hp 
g^ohne-dnven generator supplies these motors £ 

? 00dll . ghts and paling apparatus "on the 
mast and equipment for conveying water fuel and 
electricity to the dirigible. ’ ’ and 

A novel type of electric locomotive is used to tow 
models of sea-plane hulls or pontoons in a testinv 
channel 2,000 ft. long, 22 ft. wide, and 12 ft. dee/ 
recently completed at Langley Field, Va. The tow¬ 
ing car spans the tank and is driven by four 75 -ho 

Sation JS erem ^ able feato is ^ rapM acel 

S 9 S econds a a ° f 60 miks « 

im P rovement s were made during the 
year m radio equipment for communicatfon between 
airplanes and the ground and for direction finding 
These include automatic volume control, which re- 
heves the pilot of the necessity of making manual 

ranvf^f 11 / f receiver , amplification over a wide 

oiS?.cr also P ract icable means of 

g^vmg visual mdication in connection with the direc¬ 
tion finders. - ^ 

Among electrical devices perfected for appheation 
o aviation may be mentioned an instrument for in- 

c y linder temperature which is so cali¬ 
brated and compensated as to show directly in de- 

Sff? *5? tem P erat i ure of various parts of the engine 
where thermocouples are installed. The leads from 

thJou^li t ^ erm w UpleS .“5 brought t0 the indicator 
through a selector switch. Another device is the 

sonic altimeter in which a compressed air whistle 
produces signals electrically timed and contrelTed 
which are reflected from the ground. The echo is 
i^5 d m a stethoscope and, by means of a timing 
indicator mounted on the instrument panel, the time 
interval between outgoing and returning signals is 
gTound ete< ^ dlrect ^ k 1 terms °f distance above the 

Vertical Transportation 

The opening °f the Empire State Building in 
New York City in 1931 placed in service the lar gest 
installation of elevators yet made. These are all of 

t ? e x^ Ut u 0matl< ; type and tbose serving the upper part 
of the tower have higher speeds and longer vertical 
travel than any previously installed. Improve¬ 
ments in construction and in the control of emer- 

? 9 m y ft St0ppm - g devices now permit speeds up to 
i^UU it. per minute. 

a. An installation of double-deck elevators, serving 
two floors simultaneously, has been made in the 


f 
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tow§r of the new Cities Service Building in New 
“York City. In this same structure there is also the 
first installation gf escalators in an office building, a 
means of transportation which is being used more and 
more extensively in department stores, railway sta¬ 
tions, etc. 

The arrangement, mentioned in last year’s report* 


in which two independent elevators are operated in 
the same shaft, one running express to the upper 
floors and the other serving the lower floors, with 
suitable safety interlocking, appears to be a thor¬ 
oughly practical development. Such elevators are in 
service in one of the Westinghouse buildings in East 
Pittsburgh. 


f 

Applications to Marine Work 

ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MARINE WORK 

A S Jp-.l ht few years, the major items of ac- Owners Association and we believe that we are a 
vity of the committee have been: to anrive at such a working agreement with this 


A - 1 --* J i-LLWJVA AL^JUULO \J± CIA- 

tivity of the committee have been: 

1. Accumulating, as a result of experience:, 
data for revision of Standards No. 45, Recommended 
Practise for Electrical Installations on Shipboard. 

2. Promoting the idea of establishing a definite 
status of the electrical operating personnel on ship¬ 
board. 

3. Following closely installations of electric pro¬ 
pulsion an4 electrification of auxiliaries on ship¬ 
board. 

» A 

Standards No. 45 

These standards are proving to be more and more 
useful to naval architects, shipbuilders, ship opera¬ 
tors, and manufacturers of electrically driven auxilia¬ 
ries. As a result of this increase in use, it is natural 
that changes and additions should be found desirable. 
During the past year the committee has continued to 
collect data for such revisions and when the volume 
of this data seemTs to justify a reissue of the standards, 
the committee expects to recommend such action to 
the Institute. 

Operating Personnel 

_ For some years the committee has felt it important 
that the personnel in charge of the electrical ma¬ 
chinery on ships should have a more definite status 
than is now in vogue. With the increasing use of 
electricity for both propulsion and auxiliaries, the 
necessity for such a recognized status has become 
more urgent. Our first efforts were based upon 
improving the status of electrical operating per¬ 
sonnel through governmental channels, but as a 
01 experience, it has become apparent that our 
eliorts will probably meet with more success if we 
cooperate with the owners and operators of vessels 
to this end ; hence, during the past year we have been 
m further conferences with the American Steamship 

. * COMMITTEE OR APPLICATIONS TO MARINE WORK: 

R. A. Beekman, Chairman, 


Owners Association and we believe that we are about 
to amve at such a working agreement with this asso¬ 
ciation as will lead to definite results. 

Electric Propulsion and Auxiliaries 

As stated in last year’s report, the year 1930 was 
one of great activity, progress and accomplishment 
in marine engineering, generally. This was due 
largely to the passage of the Jones-White Merchant 
Marine Act in 1928. This activity resulted in con¬ 
tracts being let for a large number of ships with elec¬ 
tric propulsion and auxiliaries. 

Due to the present financial depression the past 
year has not been marked by such activity, but th e 
program started the year before has continued to be 
executed without cancelation of contracts. 

The following table shows the status during the 
year of new ships in the U.S.A. equipped with elec¬ 
tric propulsion; 

Ships Commissioned in the U.S.A. During 1931 


Turbine Electric Drive 

Name Type 

BOOVER .Passenger Cargo_ 

‘ Passenger Cargo. 

rAvi^ NCA . ••*•"••• Passenger Cargo. 

SSwp •••••••:•• ... .Coast Guard Cutter. 

SHOSHONE .Coast Guard Cutter. 

Total 

Diesel Electric Drive 

Name Type 

ffljSjS***--■ ■ ■ 1 .Lighthouse Tender.. 

^mrurk-T .Lighthouse Tender.. 

Lr ULF MIST. ..Tanker 

WHITE FLASH.... . Tanker.'.'.'.'.'i 

SAN DIEGO .. . Ferrv 

duplex.......... . 

Total 


Horsepower 

..26,500 
..26,500 
.. 10,500 
.. 3,220 
.. 3,220 
69,940 


Horsepower 
. 240 

240 
400 
375 
750 
600 
2,605 


Ships Under Construction in the U.S. A. During 1931 
Turbine Electric Drive 


i'r.fr J. E. Kearns, 

Sr 5~ 9^ leman * Alexander Kenne 

H w'w g ° W V J * B. Lunsford, 

H. P. Hmvey Jr . I, H, Osborne, 

v*. Henschel. rj A Pirn., 

Jr * W. £ Reed,’ 

L. Hibbard. r H. M. Southgate 


. W. E. Thaui 
Alexander Kennedy, Jr., John Van der Dussen, 

I. H l.luietAM a irs- vtt .. * 


J. B.Lunsford, 
I. H. Osborne, 

: G. A. Pierce, 


A.. E. Waller, : 
O. A; Wilde, 

J. L. Wilson , . 
R. L. Witham, 
W. N. Zippier. 


Name ,• 

Segovia* ....... 

* CHIRIQXJI .... 

ANTIGUA ...;.... 

QUIRIGUA.. . . ).. . . 
VERAGUA ;...... 

* Destroyed by fire Dec. 1931 


Type Horsepower 

.Passenger Cargo....... 10,500 

... - Passenger Cargo .10,500 

... .Passenger Cargo....... 10,500 

.Passenger Cargo.10,500 i ; 

... ^Passenger Cargo.... 10,500 

Total 52,500 
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Name 


applications to marine work 


Diesel Electric Drive 
«, Typ® 

.3 Tugs_ 

.1 Yacht... 


Total 


Horsepower 
.. 1,600 
. 600 
2,200 


Gasoline Electric Drive 

ft Type 

JOHN T. HARVEY .Fireboat. 


Horsepower 

.. 2,130 


A 

Production and Application of Light 

ANNUAL ™™ g ON PHODUCnON AND 


Production of Light 

* Statistics on Lighting Progress as Indicated by 
Incandescent Lamp Sales 

T HE production and use of artificial fight, as in¬ 
dicated by tiie sale of incandescent lamps, de¬ 
creased slightly during 1931 as compared with 
previous years. In actual numbers of lamps "old 
the decrease was not great. The average wattage 
* ro “ 61.2 to 60.9 watts, lamp efficiency 

mens fromSiitos” P “ ^ “ d aVera S elu - 

B e continued increase in the use of 120 volts for 

voltUmnlf^i? . IS “Otable The percentage of 120- 
™ I *' am P s “teased from 41.3 per cent in 1930 
to 43.9 per cent in 1931, while 110- and 115-volt 
hunps decreased from 5.2 per cent to 3.7 per cent and 

c ™f to 48.0 per cent, respectively. The 
adoption of the three-phase four-wire network sys- 

fluencing 1 this > trend.* ^ ^L 

■ ?5 reet ^^tog continues to show an increase both 
Sitput nUmber of lamps used and in the average light 

New Incandescent Lamps 
Photoflood Lamps 

A companion lamp for the photoflash lamp has 

Jw! devel ®P ed ~t^ e photoflood lamp. The photo- 
flash lamp is intended for use in making snapshots, 
while the photoflood lamp is intended for time-ex¬ 
posures and for home or amateur motion picture 
photography. The new lamp has a bulb of the same 

the standard 60-watt lamp but is 
r S ed at 250 watts and operates at an extremely high 
efficiency In light output it is equivalent to a 
standard 500-watt lamp but in photographic effect, : 

•X t0 ?Jn gh Pontage of aclhuc light, it compares 1 
with a 750-watt lamp. < 6 p j 


Neon-Filled Christmas Tree Lamps 

Christmas trees are illuminated usually by strings 
of eight 15-volt lamps burning in series. The failure 

tmgm ? hes ^ entir e string and it is neees- 
sary to try each successive lamp in the string until 
the burned-out lamp is located. Neon-filled ^amps 

KS? 1 dev f el .?P ed ^h ic h operate in the usual man- 
ner until one fails. This impresses the full line volt- 

^ at P + art . 1C i? lar lamp and causes it to glow 
with the characteristic neon red. As the cuirent 

producing the glow is not sufficient to light the re- 
re!^y g the bprned -° ut lam P is identified 

Inside Frosting 150 to 500-Watt Lamps 

nf i r Sf! d haS been made available 
. ° f 150 to 500 watts. This finish i s de- 

. fo ^. Iamp ® ased to %to density enclosing globes 
and in indirect lighting units since it diffuses the light 

and eliminates sharp shadows. 8 

•Addition of 1,500-Watt Lamps 

US 5 °} hi ? h intensit y illumination pro- 
w»^r,Lrt elnan i f " 1 -. 600 / watt lamps sufficient to 

warrant then mclusion in the regular lamp schedules. 

Elimination of 600- and 800-Lumen Lamps 

°? fftaat lighting practise consider the 
use of lamps uf less than 1,000 lumens output in¬ 
advisable. The 600- and 800-lumen, 6.6-ampere 

irfehedffies rem ° Ved ' therefore ’ from the regu- 
Xmported Incandescent Lamps 


.'.TITI" production and APPLICATION or LIGHT:"* 

w. A. AJiaGirweU, Chairman, 

L. 4, Hawkins, P, S< Millar 

■K?sar sfasg iisr 

R. D. Mailey, . C J.’stah?, SOn ’ 

B. E. Dorting, G. S. Merrill, G. H. SJticfcaey., 


h .? ht ‘ n ? “ America has enjoyed a favor- 
SJ )ri J amp nation in that a great majority of the 
lamps supphed to the public have been of well-con- 

“6 °f highest practicable efficiency. 
This condition is threatened now with imnairmeiit 
^mto the advent of inferior lamps. Notable among 

thr^f 6 ) la “? S un <P orted ’ r om Japan and sold 
too^^regffiar channels of distribution. The 
Committee is informed that aside from minia ture 
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, ! ai HP s » a J )o yt twenty millions of Japanese lamps were 
unported during the last year. These were char¬ 
acteristically of such low efficiency that at prevailing 
rates for current Jhe public could not afford to use 
them. Defects which interfere with satisfactory 
service were unduly prevalent among them and their 
lde performance was very irregular and inconsistent 

In drawing .attention to this development, the 
Committee bespeaks cooperation of electrical engi¬ 
neers generally in doing all that may be practicable 
to prevent the impairment of American lighting bv 
lamps of inferior quality. • 8 y 

* 

Base and Socket Standardization 

At the present time the screw bases and sockets 
standard m Europe differ slightly from the original 
American Edison standard in such a way that 
American lamps are not assured of fitting in Euro¬ 
pean sockets, but European lamps can be put in 
American sockets, though failing to meet American 
safety requirements. Although many more Ameri¬ 
can sockets and bases are in actual use, it was pro¬ 
posed to adopt the European design as the inter¬ 
national standard. At a meeting of the Interna-* 
tional Electrotechnical Commission’s Committee 
held concffirently with the 1931 sessions of the In¬ 
ternational Commission on Illumination, the Ameri¬ 
can standards were recommended on a par with the 
European and plans were advanced looking toward a 
single universal standard of intermediate dimensions. 

Proper Operating Voltage 

^^ 7 ol i a 2 e at w hich incandescent lamps are 
operated affects their input, output, efficiency, rate of 

fX„ e ?'?wV nd CO f‘ 0f P rodudll S light to such an 
extent that it cannot be overlooked in any considers- 

tion of the production and application of light in¬ 
volving such sources. s 

The N.E .L.A. Lamp Committee Report for 1930- 

* Transactions, Illuminating Engineering Society. November 1931. 
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31 contains a study of operating voltages in 
use in some 24,590 communities. The detailed 
figures presented in the report reveal an undesirable 
tendency toward the increased use of more than one 
standard voltage m individual communities. Such 
dual standards make it difficult, if not impossible, to 
insure that lamps of proper voltage are used. During 
the five-year period from 1923 to 1928 there was a 
marked reduction (13.2 per cent to 5.4 per cent) in 
the extent to which two lighting service voltages were 
used by any one community, but in the last years 
this has increased again. 

Wiring Specification 

specifications mentioned in last year’s re- 
P? 1 *’ . th( v. Minimum Specification for Wiring of 
Lighting Circuits in Industrial Structures” was issued 
during the summer. 

wiring, several associations 
undertook independently the development of specifi¬ 
cations. An industry committee was organized to co¬ 
ordinate the work and prepare amplified specifica¬ 
tions acceptable to all groups. This work is reported 
now to be complete, subject to final approval by the 
several associations. It is understood that the pro¬ 
posed specification sets No. 12 wire as the smallest 

TW. « b ? f ecomme ndecl for any lighting circuit. 
This limitation, corresponding as it does to that of 
the commercial and industrial specifications, should 
help eliminate smaller sized wire from good standing 
with the designers of electric light wiring, and thus 
advance good engineering in this field. 

Carbon Arcs 

ill caref ^ contr °l tests of various sources of 
™' na1 ?? n with respect to their speed and color 
reproduction m photography have shown that the 
white flame photographic carbon almost exactly 
duplicates the results obtained with natural sunlight 

* N.E.L.A. Bulletin—Sept. 1931, p. 627. 


Table 1 Data on Incandescent Type of Ultra-Violet Sources 



Approximate’ lamp watts. 

Approximate total watts with auxili¬ 
aries .. 

Approximate transformer primary 

amperes.. 

Approximate operating volts ........ 

Approximate operating amperes. 

Approximate lumens... 

Approximate lumens per watt (lamp) 
Approximate over-all lumens per 
watt....... 

Bulb..... 


.400.... 

.500. 

....9.... 

•••.14-15., 

.27.5... 

.8400. 

. 21 . 

:... 16.8_ 


...130. 

..175., 


....15. 

.8.5... 

..1850. 

....14.2... 


.36... 


.50.......... 

. i. . 

.18-20. 

.. 2 . 

.150...?. 

.3.7.. 


..3000...........600 


.60..... 

110-115-120*.!... ’ 

.0.5.. 

-785.. 

.13.1.. 


.300.. 

•..,.... 2.6 _ 

.,...6000. 

....... 20 . 


.500 


110-115-120* 

.....;. 4.3 
.. 10,750 
.21.5 


.16.8... 10 5 - - . 


Mogul screw 


.J. . 

Foot-candle minutes for MPE... . "‘3560 .' .*.2*/«**....."!! Z */» ... ‘ .* • • - • •**/« 

.‘ 7 ' 5 °. .. 


B . 7---:-------- • -_. 99 . OU . ... . .SI.00. . . ......$3 

°°* t MjXitbl! n foi 0f45 deSr?CS redUCeS thdf Ultra ' Vi0let 0UtpUtS 30 aad respectively. 

4 EsSed. eatlre b p Ulb ws dimension is base contact point to center of bulb which is also the center of the electrodes. 


Eliminating the wire screer 
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Sljte 8 a aea f ly P erfect separation of color values 
in effective shades qf gray. 

In the field of motion picture projection carbon* 
have been developed which are steadier in’ burning 

Xtaing" “ brilHa ^ 

Precratering of high intensity positives has re- 
j f J? , a more rapid burning in of natural craters 
and full intensity of illumination, as well as a re¬ 
sultant saving in costs by reducing the possibility 
of mirror or condenser pitting. y 

mintL SearChH8 ' htS used , ™ air P° rt floodlighting and 
mihtary purposes, carbons have been developed 

^‘ C LT ifn Ve fr0m 50 *? 100 P er more light at 
225 and 250 amperes than has been possible pre- 

viously with regular searchlight carbons^ P 
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, Ultra-Violet—Incandescent Type 

year ’ s re P 0T } mentioned the introduction of 
four new sources of ultra-violet radiation emitting 
little or no wavelength shorter than 2,800 and, there¬ 
fore, safe for use in the home, the school, office et 
cetera; * the Types S-l and S-2 lamps, the 4 pe 
G-l or glow lamp and the CX lamps. YP 

Considerable improvement has been made in these 
™ * s , m J e their introduction. The essential 
technical data pertammg to them are given in Table I 
During the year very complete lines of fixtures 
pl ace d on the market for the Types S-l 
and S-2 lamps Suspension and ceding type units 
have been developed which have a spread of both the 
ultra-videt radiation and the visible light flux. Such 
units are finding wide application in places where the 
exposure periods are somewhat limited, such as in 
summing pools, gymnasiums, hospital solariums, 
lunch and recreation rooms, et cetera. 

For use in offices, schools, et cetera, where it is 
desued to combine the health maintenance value of 

f with the Ughtin g over exposure 

periods of 6 to 10 hours, a third line of equipment, 
known as dual-purpose lighting fixtures, has been de¬ 
veloped. Most of these utilize regular incandescent 
lamps for radrect or semi-indirect fighting and also 
an ultra-violet lamp and reflector so designed as to 

spread a mild intensity of ultra-violet over a wide 
area. * 

Gaseous Tube Electric Illuminants 

It has long been felt that possibilities of materially 
higher efficiency of light production lie in the domain 
. el ectncal discharge through gases rather than in 
incandescence. While incandescent lamps,”* with 
which most artificial lighting is accomplished, are 
serving the purpose exceedingly well, despite limita¬ 
tions of theoretical low efficiency of light production 
and are undergoing gradual evolution which appears 
t0 , them closer and closer to the limits of the 
possibilities of production of fight by incandescence" 
the engineering world is favorably predisposed to¬ 
ward the idea of achieving efficiencies of a higher 
order from gaseous tube illuminants. 

The present low-voltage gaseous and mercury-va- 


por arc tubes make available to the illuminating en¬ 
gineer additional lighting tools having characteristics 
that possess value for particular purposes. Thus, the 
mercury arc lamp, with its characteristic gredn- 

vlw light ” which peculiar 

valu e for certam industrial applications. The arc 

h?!fJlf ne0a ° r other gases " with their characteristic 
instantaneous^ response to electrical.discharve, me 

eeterT purther la tele , vi , s j on . stroboscopic work, et 
cetera. Further, the vivid colors of these tube illn 

mmants make them applicable for certain spedal 

boci SU Tb aS aiI " Craft bea f ons * and for publicity pur¬ 
poses. These sources, however, are of the same 

order of efficiency as tungsten filament lamps. 

th ? e de 7 e lopments the committee^has in- 

l f n^ nat i+ n ° nly ° f ex P erimen tal developments in 
low voltage gaseous arc tube sources. Among these 

areintube* e f? < ?? lcies of % ht production attained 
b - f ^hpower. Pirani’s off-cited sodium 
tube of special sodium-resistant glass, heated inde¬ 
pendently to 350 deg. cent, and enclosed within an 
outer evacuated tube, is said to attain 70 lumens per 
watt applied to the tube itself. It produces fight of a 

4 n e St y r ' 0l T< N ° data are availabl e as to 
the power required for the complete equipment 

N*on and mercury-vapor low-voltage arc tubes three 

or more feet in length and consuming 1,(500 to' 2 000 

watts, are said to attain to 35 to 50 lumens’per 

watt. In smaller sizes of lower power input verv 

much tower efficiencies of light production are a? 

In the opinion of the committee attempts to de- 
veiop gaseous arc tube light sources of a materially 

j *?k er 5® clenc y tban mode m incandescent lamps are 
interesting and perhaps promising. Of practical 
achievement m the way of commercially applicable 

at Ite t^e^ 6 COmmittee has notbin g ^w to report 

m 

Application of Light 

New and Improved Incandescent Lamp Equipment 

The standard dome reflector and the glassteel 

remam standa f d fighting equipment for in¬ 
dustrial areas. Recent developments have improved 
the methods of hanging these reflectors so a/to re¬ 
duce the time required and the cost of cleaning and 
relamping. The high intensities of fight required on 
certam working areas can be secured by the use of 
recently ^developed industrial projectors which can 
be mounted on the ceiling, side walls or columns Sd 

d A tn+ d H° proj f ct * he % bt in any desired direction. 

A totally enclosed semi-indirect fighting unit has 
been developed with the bottom of the bowl of high 

TffiftvrS 13 ^ ^ nd the , t0p portio11 practically clear. 

nt JZE ° f a highly efficient unit and 

one easily maintained. 

Appearance °J the fighting equipment is playing a 

T?' S 0rtan S paJ:t , in . commercial installations. 
The contours of enclosmg globe units are more 

P !? aS1 ?? ni design and hangers are receiving con- 
a ^ en1 ? on f ro m the design standpoint. An 
mterestmg development in jfche indirect type of unit.is 


t 
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one constructed entirely of metal louvers which can 
be obtained in a variety of color finishes. o 

Qutdoor lighting such as the floodlighting of build¬ 
ings and areas demoted to outdoor sports is increasing 
in popularity. This is partly *due to the develop¬ 
ment of more efficient floodlight projectors and the 
introduction of open type floodlights. Mafiy manu¬ 
facturers haver discarded the plain parabolic mirror 
for compound curves forming 2 and 3 surface mir¬ 
rors. This increases the efficiency and permits 
accurate control of the b eam 

The floodlighting of homes for holiday decorations, 
and gardens during the summertime, is now made 
possible by the development of small floodlight 
projectors designed for use with 100- and 150- watt 
lamps. 

Street Lighting 

Street lighting has been referred to frequently, by 
engineers, as the application of electric light where 
the practise has lagged most behind growing needs. 
During the year the demand for smaller municipal 
expenditures has been reflected in numerous pro-* 
posals for reduced street fighting. Considerable ap¬ 
prehension was felt by experts lest serious increased in 
traffic and crime hazards should, be incurred for only 
negligible savings. So far no extensive reduction 
keen made and several cities, where reduced 
fighting was tried, returned promptly to former illu¬ 
mination. On the other hand there has been a defi¬ 
nite arrest m the advance of street fighting. 


the locomotive cab, where it is independent of 
weather conditions and its vie;v not limited to a 
fleeting glance. A sound device calls special at¬ 
tention to changes. The enhancement of safety is 
obvious. 

Sports^ Lighting 

e 

The increasing popularity of artificial illumination 
in this field is due to the use of more adequate levels 
of fighting. For example, in football fields about 
15 foot-candles have been found to be desirable in 
contrast to the 5 to 7 foot-candles often recom¬ 
mended in the past. For baseball fields a consump¬ 
tion of about 300 kw. is considered necessary now, 
whereas 200 kw. was about the maximum of former 
attempts. 


Group Replacement of Lamps 

Q+ p in + C - e inca j descent lam Ps operate with almost no 
* su kstantial proportion of them last 
M economic efficiency, many installations 
b f lo . w their P r °per illumination performance 
The obvious cure is systematic cleaning and replace 
ment at suitable intervals. A recent awakening to 

of , sudl Practises is showing /ood 
results. Already about thirty utility comoamef 
applyu^ •■group replacement" to their Sree?Hght 
“I" “trceable improvement in illumination and 
. educed outages are being secured at little if 

toS “ methods are appHcable 

wh£etr l^etfupef ^ ^ ^ ^ 

mT * is de - 

lampTby far dear bulb 

ment defecb mspectlon box - which reveals fila 

. • • • \ : .; / * - •.• ‘ • . • ‘. - , • 

Railway Signals in Locomotive Cabs 

railroads have resulted 
system, being applied s ^als. A new 

r<?ad, has a fight Snal a leadin g: rail- V 

gp s gnal in a conspicuous position in 


Lighting of Buildings Exteriors 

r 

■ u Tj- 6 a PP bca ti°n of artificial fight to the exterior of 
buildings is making rapid progress, especially in the 
[ endeavor to create artistic night-time effects. Light- 
, mg effects formerly obtaining only by floodlighting 
are, in some of the newer buildings, being improved 
upon by novel methods. Today architects are de¬ 
signing buildings with the idea of artistically lighting 
the extenom at right They are paying attention 
to tiie direction of light projection and so designing 

“ !w e K ^ lght ‘ t! “ e 38 wel1 38 day-time effect! 
on then- buddings. One development is the use of 

PiWe« S buJt j" t0 the fa cade of the building. 
Pilasters of diffusing glass behind which are mounted 

Jh^n COl T d ^ ps connected to dimmers produce 

Entire facades are covered 
TOth panels of this sort or constructed of glass brick 
which can be illuminated from behind at night. 

Silt £ e r el n« nie r t ’ S folIowin g gradually that of 
burit-in hghtmg for interior use. 

Built-In Lighting 

It is illogical to wait until a building is completed 
before considering lighting equipment, yet in the past 
this was generally the case Now, fortimaMv ta 
most nqw structures the artificial lightW i“dSmed 

“ ° f ‘I" inte ?° r ' Maoofactmers 

and i 8uch as glass, molded plaques 

»«■ -sssssasssr 

Residential Lighting 

showed an increase of f n ? gy m homes 

1931, only three or P® r . cent in 

in Previous wore s .® ss than the increase 
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WnVfT r f aSi ^i g eve £. ng bours at home for all mem- 
fight 0 ^ the family ’ callln £ for a greater use of electric 

, Th ® P ort able lamp, has grown in popularity as is evi- 
* fenced by the increasing number of styles and designs 
which have been produced. The indirect portable 
amp using a 2°°- or 300-watt lamp has not uZd 
{*“ s fie l^ al though it has continued to grow imnum- 

52L q oT T fl °° r and table lam P s “sing the 
T ? e S ; 2 !amp have made their initial appearance. 
Lighting fixtures providing indirect or semi- 

hpp^ eCt ll ? ht \ ng f aild s ®}hng at very low prices have 
been received favorably in various parts of the 

country for the relighting of certain rooms of the 
homes of minimum bill” customers. The design of 

su . ch T that the y may be fastened di¬ 
rectly to existing single sockets. 

* Wmrua ^ esidei } t ’ s Conference on Home Building and 
^ e , Ownership devoted a section of its Funda¬ 
mental Equipment Report to the Wiring and Light¬ 
ing of the Home, giving attention to these home 
modernizers equal to that devoted to such items as 
heating, ventilating, and plumbing. , 

Automobile Lighting 

By means of a three-filament headlamp, a lighting 
system has been developed giving an asymmetrica? 
distnbution of hght with reference to the car axis 

h f ht i " directed to the right side of the 
road, particularly when passing another car. This 
system is so arranged that a city-driving and a 
country-driving range of light control is provided. 

The advantages of directing more light to the right 
when passing are well recognized and several auxil- 
iary lighting units are available which when used in 
connection with the present standard dual beam 
system provide this desirable passing Hght. 

On some cars the fender lights serve a dual purpose, 
the switch control being so arranged that in addition 
to acting as marker lights when the car is parked 
these fender lamps are lighted when the beam is de¬ 
pressed, thus showing the oncoming driver that the 
depressed beam is being used and giving in addition 

an indication of the extreme width of the car. 

Two rear lamps are being supplied for many 
current model motor cars. These lamps are gen- 
erally a combination rear and signal unit. The 
majority of rear units are equipped with reflex glass 
which gives an indication, from the reflected Hght 
thrown on it. The use of reflex materials in conjunc¬ 
tion with incandescent lamps is considered desirable 
from a safety standpoint. Incandescent lamps are 
being used also to indicate when the engine needs oil 
and whether or not the battery is being charged. 

Present day headiamp equipment, which is mostly 
of the fixed focus type, is capable of furnishing good 
road illumination with a minimum of glare but in 
order to obtain the maximum advantage from this 
equipment additional educational work is still needed 
which should be directed along the lines of encourag 
mg car drivers to use the lower or depresj ' 
when meeting or signaled by oncoming cars i 
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..t^? 0 ^L,. eV ^ ped jilting equipment provides 
artificial hght with supplementary pftra-violet rad&- 

w„l ICeed l" S tl ! at t ‘ ecei , ved from daylight filtered 
toough window glass. This, coupled with improved 
elfectncal mr conditioning, is rendering building con- 

0f natural Mornination. In 
a number of buildmgs recently completed or under 
construction, dayHght has been purposely excluded. 

Architectural Relations 

architect s show a growing interest in 
tte decorative as weU as utiHtarian possibiHties 

qLw de ^ n hgiltlng -. The Illuminating Engineering 
Society m cooperation with the Beaux-Arts Insti- 
tut e> of Design,. has estabHshed an IHuminating 
Soaety Prize for which architectural 
students throughout the country compete. This 
year's project is designing the fighting for an ex- 
hibHron haU at a world’s fair. It is pWd tocon- 
th f pn ? e competition for the next decade. 

: p be American Institute of Architects is cooperat- 
Ruminating Engineering Society in the 

Sgh^ng f ^ Amencan Standard Code of School 

* 

Light Control 


The photoelectric Hght control relay is a device 

automat ; ca Hy the turning on and off 
of artificial hghtmg as the intensity of dayHght de- 
a-eases or increases During the year such control 
was apphed to the lighting of a school room where 
children in a special "sight-saving” class receive their 
instruction. Tests conducted in this room indicated 
that in order to maintain an intensity of 15 foot- 
candles, it is necessary to use the artificial lights at 
least 3° per cent of the time the room is in use 

n of ligbtin S is bein g applied to 

theaters, floodlighting of buildings, show windows, 
and electric fountams. 

^ Thermionic tubes a ppear especmHy appficable for 
automatic dimming controls, where the only moving 
part can be small potentiometers or phase shifters 
“ ed by , very small motors. Appfications of 
obile color hghtmg with these controls include a 
floodlighted building, dance halls, night clubs, res¬ 
taurants, and a number of theaters. 

One of the most recent developments utilizes a 
continuous belt for controlling the potentiometer 
adjustment by providing a conducting path for each 
color or group of fights to be controlled. Any de- 
sired combmation can be secured by varying the 

the . C0 5 d V c ^ paths on the belt, so that 
siny predetermined hghtmg effect can be repeated at 
• a combination can be secured by “chang- 
^Jbenoll, I* is reported that the first installation 
of this arranganent Will be to control the fighting of 
Buckingham Fountain in Chicago. * 

Wfb th^mew thermibnic tube controls the ma n ual 

a ? d flighting can be very 
small, located in the orchestra pit, on the stage, or 
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even in the front rows of the orchestra. Now the 
“lighting conductor” becomes a reality and «the 
lighting of the §how is played by the conductor who 
sees and hears the entire action. 


Illuminometer • • 

A new portable illuminometer employing the 
photoelectric principle has become available. The 
photonic cell consists of a disk on which has been 
deposited light-sensitive material so that, when ex¬ 
posed to light, a slight but apparently constant elec¬ 
trical potential is generated. The readings are made 
on a microammeter connected to the cell by means of 
a flexible conductor cord. 

For increased deflections two or more cells are 
sometimes mounted in a single housing and con¬ 
nected in multiple. Measurements and checks un¬ 
der incandescent lighting of the range ordinarily 
found indoors seem to show comparatively close 
agreement with the usual types of visual illuminome- 
ters. 


Lighting Plans for 19SS Chicago Fair 

A wide interest and curiosity has been exhibited by 
the public regarding the illumination of the 1933 
Fair. It is not appreciated generally that the in¬ 
teriors of the Fair buildings will have no natural 
light. They will be illuminated both day and night 
by electricity. In general there are no windows or 

other openings through which natural light mav 
enter. J 


During the last few months the Fair has been ex¬ 
perimenting with a great so-called flaming ladder 
arc, using a potential of 33,000 volts. Rising from a 
huge outdoor transformer will be two electrodes 
about thirty feet high. A flaming arc will start 
from the bottom of these electrodes and travel up¬ 
ward* As this intense flame dissipates at the top, 
another automatically starts at the bottom, so that 
there is a succession of fiery bridges or rungs in con¬ 
stant motion. Hence the term “ladder arc.” As 
these arcs travel upward, dry chemical salts are in¬ 
jected by compressed air. These salts impart 
changing colors to the arc stream. 

International Commission on Illumination 

The International Commission on Illumination 
met in Cambridge, England, the week of September, 
13,1931. ^ In connection with the meeting a Congress 
was held in which meetings assembled in London, 
Glasgow, Edinburgh, Sheffield, Buxton, and Bir¬ 
mingham. Many notable demonstrations of illu¬ 
mination were made for these events and the subse- 
quent celebration of the Faraday Centenary, among 
which were the lighting of the public buildings and 
streets of London and Edinburgh Castle. Excellent 
progress was made toward international understand¬ 
ing on mumination problems. 

A new topic was Aviation Lighting in which in¬ 
ternational unity is especially important. 


General 


One novelty will be shimmering effects on exterior 
walls such as is produced by reflection of the sun’s 
rays from bodies of water in the daytime. A lighting 1 
projector built upon this principle will be used to 
throw fantastic moving color patterns on building 
walls. By agitation of the water in different ways! 
patterns .of, various forms may be produced. So- 
called scintillators will be used also. In this case 
squares of polished metal trembling on delicate 
supports will flash dancing color patterns over large 

™ s is one of the few fighting 
effects that can be utilized in the daytime. The 

rays of the sun are allowed to penetrate the glass 
at many points and are reflected back by the metal 
squares m lively fashion, somewhat sinffiar to the 
ekograph used by the Army for signal purposes. 

citMi U ° re fl CeilCe T* 1 used also. Many objects 

tasted . statual 7’ et cetera, will be 

_ if? fluorescent materials and under so- 

surrouXg foUale* appe “ “ COntrast ™th the 

bem'owrkSH 7 °* fluorescent fountains has not 

1?°*, “5 “ sub 


Revised Nomenclature and Standards 

During 1931 there has been widely circulated for 
discussion and criticism a revised set of terms and 
definitions _ to supersede the American Standard 

tom!^ a ^ g / n J^ e ^ g J Nomendature and Plao - 
t0 i? e * r ; c Standards issued in 1925. The changes 

which have resulted from this discussion are largely 

matters of form rather than of substance. The 

new edition of the nomenclature will show, therefore, 

from ^ ^abHshed practise, 
but is believed to be somewhat more clear and logical. 

Primary Standards of Light 


^ discussion of fundamental pho- 

0 °“ Pr< ? lems has contlnu ed and several labora- 
tones abroad are reported to have in progress e coeri- 

^osedbv the f °7o 0f WSS- 

0f standards. This standard 
ts of a refractory tube immersed in molten 

s“” iris 


^ e °sme, nuorescene, and aesculin 
? f these substancTs ad^To 
part^ folm tain are sufficient to im- 

mvisibletigte glow to the water under so-called 
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confirmation of the Bureau’s results by some other 
national laboratories 

Death of Thomas A. Edison 

The Committee on Production and Application of 
Light cannot conclude its report without allusion to 
the passing of the founder of the electric lighting 


industry. His death on October 18, 1931, was the 
signal for an expression of worldwide appreciation of 
the services and of the life of the man whom electrical 
engineers have held in high regard By reason of "his 
inauguration of electric fight and power as a wide¬ 
spread service to the public. Edison passes but his 
work goes on. He fives in the esteem of those who 
carry on under the banner which he raised. 




Applications to Mining Work 


. annual report of the committee on applications to mine work* 


T HE past year has been one of very greatly re¬ 
duced activity in all classes of mines. New ma- 
chines and new applications of electricity in 
mining work have been few and, generally, of* a 
minor nature. There has, of course, been no in- 
centiye to force production or to increase the capacity 
of mines, and labor-saving devices have not been in 
demand because of an unwillingness on the part of 
operators to aggravate the bad unemployment situa- 
uon. However, there have been some installations 
and devices worthy of comment. 

A West Virginia coal mine has installed a passenger 
elevator to expedite the movement of men in and 
out of the mine and to relieve the production hoist of 
mis service so that it can continue in its regular duty. 
This mevator has all of the safety and control features 
c ^ high-speed traction-dnve office elevator. It 
handles twenty men per trip in a shaft 347 feet deep 
at a speed of 450 feet per minute. As this elevator 
travels in the intake air compartment, the car has 
certain special structural features to permit an un¬ 
interrupted flow of air. 

. u s . 0l ne companies have found it profitable to operate 
then mines only at night to secure a lower rate for 
electric power at the off-peak period. Power econo¬ 
mies have also been effected by the use of power de¬ 
mand limiters. An installation of capacitors for 
power factor correction has shown a return of ap¬ 
proximately 7 per cent per month. 

Two new electric cap lamps for use in gaseous 
mines have been developed. One of these, weighing 
only 63 ounces, gives a beam candlepower of 26 at 
the beginning of a shift and the other, which weighs 
only 87 ounces, gives a beam candlepower of 55 at the 
beginning of the shift. A flood lamp, particularly 
designed for lighting the face for cutting and loading, 
gives a beam candlepower of approximately 350. 


* COMMITTEE ON APPLICATIONS TO MINING WORK: 


D. E. Renshaw, Chairman, 


A, R. Anderson, 
Graham Bright, 
J. H. Edwards, 
E. J. Gealy, 

L. C. Ilsley, 


L. H. James, 
J. E. Kearns, 
Carl Lee, 

W. H. Lesser, 


C. W. Parkhurst, 
F. L. Stone, 

J. F. Wiggert, 

C. D. Woodward, 


All of these lamps have been approved by the U S 
Bureau of Mines. 

Improved performance is being regularly obtained 
from cutting and loading machines. One operator 
- a cutting machil i e regularly cuts 1,000 
to 3,,200 tons in 6 to 7 foot coal in a shift, and that he 
is regularly obtaining 375 tons per day from his load¬ 
ing machine. 

A Western Pennsylvania mine has installed # a sys- 
tein of automatic door control, using “the electric 
eye as the controlling relay. The mine doors are 
caused to open and close in proper sequence for 
either direction of movement of the trip. 

A wound-rotor induction motor with direct-current 
excitation of the primary has been installed as a 
braking generator to replace mechanical brakes, 
holding a rope haul trip at proper speed down grade. 
Ihe high expense of brake maintenance has been 
practically eliminated. 

Several large induction motors and synchronous 
motors with automatic fine-start control have been 
installed for pumping in the anthracite field. The 
controls for several of these are housed in cubicles 
and completely erected at the factory. 
i_ 4 kfBpj high-speed, heavy-duty, variable-voltage 
hoist, taking its power from a synchronous motor- 
generator set, has been installed in Canada. The ro- 
tatog equipment consists of a 1,250-kw. generator, 
’kp*, 750-r.p.m. synchronous motor and a 
1,550-hp., 68-r.p.m. hoist motor. The skip has a 
capacity of 6 tons of rock per trip and travels at a 
speed of 2,200 feet per minute. 

A new light-weight self-propelled cutting machine 
has shown favorable results over several months of 
trial. The machine has a very high-speed cutter 
which resembles in its operation a band saw more 
than the usual type of cutter. 

The construction of new coal-cleaning equipment 
kept pace with progress of previous years in this fine. 
It is estimated that 8,000 tons per hour of complete 
mechanical cleaning capacity were installed in 1931 
in addition to 20,000 tons of capacity for cleaning and 
All of these tipples and cleaning plants were 

of course, electrically driven. ’ 

& * 




Transmission and Distribution 

ANNUAL REPpRT OF COMMITTEE ON POWER TRANSMISSION AND DISTRIBUTION 

HHHE activities of the fWnrm++^ — -o_ 


T HE activities of the Committee on Power 
Transmission and Distribution have continued 
through the past year along the lines organized 
m previous years. Various subjectsrfiSto 
the Institute membership have been treated in a 

a“tric?Sinr ented brf0re the - C “^ 

^ ° f — 1 -S' 

Subcommittee on Steel Transmission Towers 

and Conductors 

r ^ atmg 1° steel towers have been studied 
and certain items of general interest are now being 1 

LTof“Te“° n Pr6liminary t0 the P re P^- 

A report has been drafted outlining the reauire- 

m to S rf' Steel tow f transmission lines which- 
ter review, it is expected will hp _' 


f ortland > Oregon, is also the first of the oil- 

750 OOOcir“rnh m su ^ mar ™ e w °rk- The cables are 
ou,uuu-ar. mil., single-conductor, rated at 11 ^ w 

and an msulation thickness of 0.550 inch An tin’ 

usual feature is the use of hard-draZ“Zer arZ 

S“« of the usual steel, 

132 P“* ,rmance ?f experimental installations of 

# 

Subcommittee on Interconnection and Stability 


a fw „l“ r “ tuw “ transmission lines which 
after review, it is expected will be published. Con 
ductor vibration has been given intensive study * A 
direct result of this work has been the publishing of a 
bibhography including all available data on th?sub 
ject of vibration. A session at the StuZSCon¬ 
vention is devoted to this important subject. 

Subcommittee on Distribution 

Continued consideration has been given to the 

TJJjSJJ 8 bro f d< ? a *P ec & of distribute, including 
developments in secondary and primary network? 

tli ? I partlc . ular Merest to distribution engineers is 

J 5 asa.Tassts-sig» 

grovement in distribution equipment “comtat 
tion practises and in service rehability, 

■ Subcommittee on Cable Developments 

caMeZ “° innovations in the 

If. 

crossing in’ t£ Voltage submarine cable 

g-ossmg m the world, across the Columbia River 

P0W “ trabs ««ion and distribution: 
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Sydney Ailing, -o 

P E. Andrews, g- a Hawt? 0 ”’ A. E. Silver, 

A. B. Campbell, ? ey, n D. M. Simmons, 

C. V. Christie, n C ?^ enie11 ; d, T. Sinclair, 

A. E. Davison, f 1 p Cl T ^ t ck80n ' !*•> L. G. Smith, 

H. C. Dean, ®C H. Spe&er, 

L. L. Elden, f 1 ?^ 01 - Philip Spom, 

R* D. Evans, I. E. Moultrop, W. K. Vanderpoel. v 

P.M.Farmer, T 9 C. F. Wa^f^ * 


forrrwi j oblt subcommittee on interconnection is 
formed from representatives of the Power tw. 

D^ta^utio^mr^^f 68 an l Power Transmission and' 

of the cZmlT 11665 - - Durin ? ‘he year the scope 
2? “* c °nunittee was mcreased and represent^ 

Ma^ added fr0m the Co "ee on !SSl 

wS J0 ^nvStn t< ttfsS Td™? 

Subcommittee on Lightning and Insulators 
Phe necessity for establishing a definite wave or 

rztrhir^ to m ~ “puke st^s 

the inw/t h f bee “ rec °guized for some time. In 
tfie interest of greater uniformity in test oracti^ 

ha ? . b f n reached on a tentative P group of 

effects ofnatu! 1 fl 1 ni C rM OUld d ? Sdy a PP roxi mate ? the 
ratus rnn bgbtmng 7°!^ imposed on appa- 

ounected to transmission systems* (9) mhinh 

m^t- %e and r °m Ced ^ a ^ablfeq^ 
W'’al-arfi 3 ! 0n wblch considerable impidse data 
whIch We 7 L, en - Secured b T various laboratories 

S^ktiZuZr 11 Zf 1S Z g Performance of 
C ! la d unpulse voltages. The following 

TO^s Sr^ThS’" “ Preferred teSt 

nated as Vs x t l x l^'anl^A xT The frft 

u Anotlle f development in the lightning 1 field ha* 
been contmued this year in the factoi^tL of^om- 

•HAppeaS^at^ 8 ^ artificial Spulse waves. 
sition P tZ^ 4 ^ manufacturers are now in a po- 
sirion to test commercial transformers in the hieher 

fes vrith artificial impulse wav^ 

foSetW ^ b “? T 46 that a eommittee 
lormulate the procedure to be followed in applying 
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impulse waves to transformers 
m progress. ' ^ork is already 

be^ln pro|?eS a te“hi£SfaJ has 

tinued on a decreased scale. yearS has bee “ con - 

tors Sd £ 6 l2;t y ye e ^1r7 aIUe , S ° f “ suI - 
year ity haVe it 

presented before the Initiate tefofthfyt* ^ 
ratory and o^f ^ to the field, labo- 

* ■^•g.gsggjt jxss * l ^ j ~. 

nmg protection. Of particular inw^t kd,^' 
parent benefit to be derived from^tenonn^ 
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the primary arrester ground with the secondary 
neu&ral, if the latter is well grounded. 

Conclusions „ \ 



“ssis. ly *•““-ss 

Tins interest together with that displayed by the 

f h > co “ mittee : and by those assorted 
J? w k i? f . lts subcommittees, have made possible 
the accomplishments of the committee. F 


Power Generation 

ANNUAL REPORT OF THE COMMITTEE ON POWER GENERATION 

A 1 past year has recorded no ma¬ 

jor strides in power plant design and con- 

renorts ^th? 1 ^ 110 t beretoforediscussed in committee 
, the ^ornmittee has been successful in ob- 

Ins trfto IZS' ? papers of - a critical “bire for 

with the nhWt a f 10 “5 • spying present practise, 
with the object of indicating probable lines of ad¬ 
vance when the construction of new or 
power projects again becomes active. Following the 
custom of preparing progress reports only at biennial 
intervals, the committee report for the past year will 
merely recount briefly the results accomplished by 
the several subcommittees engaged in planning and 
securing technical papers. 5 

,, ^ Interconnection Subcommittee, of which 

f * G. Hanker served as chairman, was instrumental 
m presenting at the Winter Convention six papers 
embmemg several phases of the subject of stability 
of power systems, including that of Stability of 
Ctmowingo Hydroelectric System , by R. A. Hentz and 
J. W. Jones. A record of the most recent technical 
advances in power system design and operation was 
given in that paper. Another valuable paper con¬ 
cerned the standardization of nomenclature regard¬ 
ing stability, being a report by H. K. Sels. 

Another session at the Winter Convention was 

t *\1 T —-- *i l ■ TN . /i • , • 


jauutnex ovoDiuiA at winter convention was 

sponsored by the subcommittee on Power Station 
Auxiliaries, composed of H. W. Leitch and F. H. 
Hollister. The comparative merits of steam-and 
electric drives for steam power stations were analyzed 
in papers by W. Poole Dryer and L, W. Smith, advo- 
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by F~H P f$t<£ eWS ’ and “ a s “ mnary f lteme nt 

r a d^ UbCOmmitte ® headed b y N - E - Funk has ar- 

Econ^ 3 m p°r 1“; v° f - f °^ r papers on Combined 
Sf and R *habiMy m Operation of Large Elec- 

wLtise Zthl°R^ Sn 5? cr Convention. Current 

ddnhil , * -nT 40 ?’ Cluca g°' Detroit, and Phila- 

ddptaa areas will be discussed at that lime 

a „?” fk consisted of a review by I. E.'Moultrop 

h B '. 9 rane of * e economics of the design and 

v high-temperature and high-pressure steam 

STKu— a suppIementar y discussion of the 
use of welding in modem fabrication methods A 

tatim ° 11 Th 1S SU u ieCt aWa ' tS op P°rtumty for presen- 
f p T w subcommittee on Hydroelectric Prac- 
» rrrr ' E ogan, chairman, will offer a paper by 
~T' f arpo y ™ Low-Head Hydroelectric Develop- 
men ts at a Fall District Meeting featuring other pa- 
pers on hydroelectric subjects. F. A. Annett of the 
subcommittee on the Design of New Plants h“ 
papf f describing the Waukegan and 
Ashtabula plants, and has cooperated in having the 
subject of power generation adequately represented 

SSstiTr" Pacific Coast^ Jnve^n 

Committee recommends that the recent inno¬ 
vations in tile design and application of switching 

plantS W® given "“j 01- attention 
during the coming year. For that purpose a sub- 

committee, A. E. Silver, chairman, was appointed 
which has been assembling data and information fora 
discussion of that topic next wiuter. 

The Conmittee wishes to take this opportunity to 
record its thanks for the assistance given by the 

r raI r t trr d the many discussers of papers to 
the end that the progress in the field of Power 

Gmeration be adequately reported by the eZ- 
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D URING the past year the committee has not 
sponsored a session at any of the meetings or 
conventions, but has reviewed and reported 
upon a number of industrial papers. Two of these 
papers were presented at the Pacific Coast conven¬ 
tion at Lake Tahoe, August 1931, and. as far as we 
know these were the only industrial papers pre¬ 
sented at detect meetings before the Institute during 
the year. These two papers are as follows: 

Electrical Equipment j or Oil Field Operations , by H. 
v^. Mill and J. B. SeLegue 

Electric Power in the Wood Products Industry bv C 
E. Carey and K. L. Howe y 

Although the general activity of practically all in¬ 
dustrial plants and machinery manufacturers has 
beai greatly curtailed during the year, nevertheless, 
this extremely competitive situation is responsive 
to some extent for a number of developments and 
improvements m industrial equipment which We 
been brought out. Last year we mentioned the in¬ 
terest that was being shown in connection with the 
use of electronic tubes for industrial applications 
The various characteristics which these tubes possess 
wluch are not otherwise obtainable are almost daily 
finding new mdustnal uses. A large number of these 
application s falls under the classification of process 
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control and are in line with the trend of the tim< 
toward elimination of waste, reduction of cost an 
more accurate control of all manufacturing process” 
Most of these electronic development/ 

111 ^ yarious trade papers or in Electfonii 
mid to keep posted on such activities constant con 
■ tact mth such literature is necessary. A “more 

^Z-ble “ a rep ° rt ° f tbis ^ 15 «•&! 

■ considerable attention has beei 

b / yanous electrical machinery manufacturer 
to the design and construction of motors, controllers 
safety switches, push-buttons, and other details t< 
W re^ements for Class II Hazardous Loca 
as defined by the Underwriters’ Laboratory 

^ 0 T h required for such location 
m flour mills, gram elevators, starch plants coal 

pulverizing plants, etc., finds numerous other de- 
Wr 6 ^ P?ll + Catl0nS Where its installation results in 

i 0 :Sdo“ anCe COSt “ d -P^ed operating 

of ^tempting to abstract information re¬ 
garding the numerous developments in industrial 
apparatus or application, the Committee teds thS 

MIT Tn f Sted ?• eqa ™ cantatfly 

cont^is a revje.’ S oH >.hl 
m a much more complete and 
ttiTkM ? fomi than 00,11,1 be *‘ ven “ » report of 
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General 

I T is estimated that the steel industry expended 

^^^~,andinthe purchaser 

Ltom£ the year there were purchased 63 main- 
noj? 1 ™"® °" mracinoas to mon *m> steel peodvo.' 

A. C. Cummins, Chairman, 

JU £. rncS) ttt ti am * T* S. Towle, 

S. L. Henderson, <• * H. A. Winne. 


toilf m ° re tha “ 300 rated hp. each. The 

119-325 *^ ho I?fP ow f of these drives aggregated 
V ivl- , T kese figures compare with the in- 

193(f 0n ^p. which occurred in the year 

^ J -° r tre n d t °ward increased use of refined con- 
*° r automatically performing tasks 
temp'- required .“i labor was 

was iuQ+aiiJ? 10 ? t ^ US J ear * such equipment 

^ d at , a re< i u ced rate in 1931, th£ per- 

in w ^ Se / uties were no longer required 

Scre^ed d mdUStry due t0 such automatic devices 
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Main and Auxiliary Drives 

44-inch universal slabbing mill in thp 
District, referred to in last velrWenort a T^ g ° 

• pitonw m< ^?"' WaS COm P leted during the early 
part of 1931. The upper and lower main ho™nn+J\ 

volt al douhr en by tWO 5,000 - h P- 40/80-r.p.m., 700 
\ oit, double-armature reversing Inotors' and* th* 

7 /oS ry vertical rolls are driven by a’ 2 “o 0 -hp 

motor I 0 , 0 '™ 1 ?-’ s ' n £* e " arm ature 

motors is 11 contl “ u °" s opacity of the thref 

. , 2 ' 500 h P-. and the maximum emereencv 

capacity about 35,000 hp., nearly a third 

mcted U in n imil f, r 1 Iam ;, The three motors are con- 
, rn parallel and are supplied with variable- 

5 uirit sif^ • U1Te ^ P ,°T from a 10,500-kw„ 
unit six-beanng flywheel motor-generator set 

« 5(«flin S °f, three 3. 5O0 -kw„ 700-volt generators, a 
T),.)()0-hp., three-phase, 25-cycle, 6,600-volt 370- 

li?'™vwHe£ d ~ r ^ r inclucdon motor and a 180,000- 
t c ^ hen run . mn i at synchronous speed, 

the total stored energ-y in the rotating parts of the 

motor-generator set is approximately 270 000 hn- 
scoonds. Latest operating data indicate ' this in¬ 
stallation has proved quite successful. 

A recent installation of induction motors and con¬ 
trol for operating “catcher tables” has fulfilled the 
expectations of not only the operators, but of the milt 
designers and electrical manufacturers as well. 

1 liese tallies are used in the rolling of sheet steel and 

takc p ! ace of the older manual methods of han¬ 
dling the sheets and packs during the rolling process. 

1 he cycle of operations includes carrying the ma¬ 
ter uil into the mill by means of the roller table, re¬ 
ceiving it on the catcher table, tilting the tables up¬ 
ward, transferring the sheet over the top roll back 
to the i oiler table, returning the tables to the down 
position, and reversing the direction of travel back 
ill to the mill. This cycle of operation must be com¬ 
pleted under some circumstances in three seconds, 
which means that the motors must be capable of re¬ 
versing or starting at the rate of 40 times per minute. 

Special low-inertia, low-speed motors have been 
developed to cover this type of application. The 
speeds used are 375 r.p.m. for 25-cycle supply and 
450-r. p. m. for 60-cycle supply. The use of sqpirrel- 
eage motors for such duties as this has been at¬ 
tempted only within the past two years, but it is an 
indication of the changing trend toward the applica¬ 
tion of simplified motor and control apparatus. 
Formerly, direct-current mill-type motors were 
thought the only solution for such problems. 

During 1931, the first American installation for 
producing seamless steel tubes by the “push bench 
method” was completed. in the production of seam¬ 
less steel tubing by this method, a heated blank is 
placed in a hydraulic press and formed into the shape 
of a thick walled thimble. The thimble is then 
placed on the end of a mandrel and forced through a 
series of stationary ring dies, which gradually de¬ 
creases the wall thickness, and at the same time 
elongates the thimble, thus forming a long tube with 
a closed end. After the elongated thimble has been 
forced by the mandrel through the various dies, the 
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mandrel is withdrawn and the closed end of the tube 
sawed off. Sizing and finishing is carried on subse¬ 
quently m mills of the usual design. The power re- 
quired on this application is approximately the same 
as that used by the piercing process. 

f j , ust com Pteted, the mandrel is 

forced forward through the dies by means of a rack 
and pinion which is driven by a 1,5004m. variable- 
speed d-c. reversing motor. The control for this 
equipment is so arranged that upon indications from 
the operator, the motor will start, accelerate the ram 
force the material through the dies at a predeter¬ 
mined rate of speed, then stop, reverse, and return 
tbe initial position. Means are pro¬ 
vided for adjusting the speed of the stroke o'tfer a 
wide range, and extremely fast acceleration and re¬ 
tardation are necessary to meet the operating cycle. 
Devices are arranged in connection with this control 
to prevent the ram from overrunning in either direc- 
tion. The manufacture of tubes by this process is 
expected to produce a small seamless tube at very 
low cost and for this reason it is probable that addi¬ 
tional installations of similar equipment will follow. 

1 wo steam engine drives in the Pittsburgh District 
were replaced by motor drives. A three-high rough¬ 
ing mill driven by a 1,500-hp. steam engine has been 
re-equipped with a 1,600-hp. wound-rotor Induction 
. Likewise a reversing steam engine on a.two- 
mgh finishing mill has been replaced by a 1,250-hp. 

. ‘ reversing motor. This reversing equipment is 
sard to be one of the smallest applications in the steel 
industry of reversing main roll drive equipment. 

There have been two major hot strip mill installa- 
tions made during the year. One of these consists of 
a 72-mch continuous hot strip mill and the other a 
76-mdi continuous hot strip mill. It is understood 
mat both of these mills are equipped with anti-fric- 
tion bearings on the main rolls throughout, and com¬ 
bine the use of induction motors on the prelimi- 
nary stands, synchronous motors on the intermediate 
stands and d-c. adjustable-speed motors on the finish¬ 
ing stands. It is unusual to find the three types of 
main roll drive combined in one mill installation, 
but it was possible on these particular mills to secure 
the necessary relations between peripheral roll 
speeds without the use of expensive adjustable-speed 
d-c. drives throughout the entire mill. 

The largest motor equipment ever sold for driving 
a c ° ld ^ was also installed during the year g 
Each of the two stands of this cold strip mill are 
driven by a 1,500-hp. adjustable-speed, d-c. motor. 

A tension reel driven by a 400-hp., adjustable-speed, 
d-c. motor, receives the material from the two cold 
roll stands, It is apparent that the year has wit- 
nessed a change in the electrical equipment used in 

the rolhng of both hot and cold strip. 

New designs of electric contactors were announced 
by one of the leading manufacturers during the year. • 

* Decided progress was made by a committee of steel 
mill engmeers_ toward the standardization of control 
equipment. It is felt that it will be but a short time 
until a satisfactory steel mill control standard will 
be an accomplished fact. 

Several new tension-limiting devices were designed* 
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# for automatic reeling applications. Some are de¬ 
signed to place a predetermined tension on reels 
coiling strips softer they are rolled, while others are 
between stands .of the finishing passes. Automatic 
screw-down equipment for two-high and universal 
mills of simplified design appeared. This apparatus 
uses electron tubes to replace cumbersome liifii t. 
switches. However, no installations of this type of 
screw-down control have been completed at the 
time this is written. Automatic screw-down control 
assures uniformity in rolling practise, independent of 
the whim of the operators, and has resulted in a ma¬ 
terial improvement in the quality of the product 'of 

rnTHntr -millc wtipr<=> it tiao hppti in s^rvinp Tlio 
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ict luo udeu in luc pctoL uaa uccu l^uilc cuiiipiicaCca and 

it is felt that the new devices tending to simplify 
this type of equipment will prove to be a worth while 
development and result in more general use. 


Synchronous Motor Control 

The recent remarkable increase in the use of syn¬ 
chronous motors in steel mills has made their char¬ 
acteristics, operation, and control a subject of great 
interest to steel mill electrical engineers. The favor¬ 
able status of the modem synchronous motor wa»not 
achieved, however, until definite limitations of the 
earlier designs were overcome. Modem design and 
construction have removed most of these earlier 
limitations until now the synchronous motor starting, 
pull-m, and pull-out torques are exceptionally favor¬ 
able for applications heretofore reserved for induction 
and .direct-current motors. ’ 

A recent development of unusual interest has taken 
place m control systems for synchronous motors 
This development is the culmination of investigations 
started many years ago which have done much to 
extend the field of application of the synchronous 
type motor Recent systems of control automati- 

2 Uy if 1 ? motors un der the best conditions, in 
the shortest tune, and keep them mnning through 

In° s Wt SUPPl J diitob “ ceS of a ? transient 
t mioKm * In short, modem synchronous motor con- 

1 ? any of ^ startin g and operating 
difficulties which prevented their ^tensive accep¬ 
tance m mdustrial fields. p 

ptohS^ r0n ° US motor-control systems com- 
pnse the following separate features: 

stardng ] tvaf nd ™^ starting, resulting in reduced 

Sw S e g sponsiye t0 

t ^ease.* 


Electric Furnaces 

Several installations of electric furnaces for bright 
annealing coiled steel strip were completed and 
placed in operation during the year. Each furnace 
consists of a bell type heating chamber and several 
bases or cars upon which the coiled strip is stacked. 
An Inner hood Or cover of heat-resisting alloy is 
placed over the stack and serves to exclude air both 
during the heating period and while the coils are be¬ 
ing cooled. An atmosphere of illuminating gas or 
other suitable gas is maintained under the hoods to 
prevent oxidation. 

A new type of furnace, applicable especially to 
annealing steel sheets, has been developed in which a 
load of material can be cooled in the furnace in a 
comparatively short time. With previous types, the 
cooling rate of a loaded furnace is so slow as to make 
furnace cooling impracticable. The new furnace is* 
fined with light weight refractory brick so that the 
heat storage in the furnace walls is comparatively 
small. It employs a circulating system for the fur- 
^if^ 0S P he ^ e » ^h an external cooler by means of 
which the heat may be extracted and the furnace 
agam charged at a more expeditious rate than was 
possible heretofore. 

Material Handling 

There has been installed in the Pittsburgh District 

Thfhli°rlZ b f ldge - USmS a bucket of 17 to »s capacity. 
The bridge span is approximately 190 ft. The out- 

standing feature of the bridge is the unusual use of 

compressed air for control. Ten motors 275 to 

controlled by electropneuniatic type 

conteo 1 , anular m design to standard railway equip- 

l”Tsnac?^,d a h,w gem “ t ’. H was found < required 
less space and lower maintenance. The brakes are 

SlT\f, releaSeC ! for quick, positive^top- 
Si,re?«+!' large volunie of air required, there 
OTeSS,.- ™k f C °? preSSOrs and reservoirs, one in the 
ab and one ln each leg of the bridee 
J b , b ^ dse “ normal service can handle 1,000 tons 

“arby btet fornace^ located 

Electronic Devices in the Steel Industry 
The past year has seen a rauid inorMCA 

^ 


loaip^ts^ “ d res ^onizing (where the int^^Hnd ^ 

6. Unloadin irars™—ts. .. .. stripinill. This shear is to ci.+^fr^ aTO-inch hot 

front end oftheW hJZ»i° S tbe relativeI y cool 

stands. Fonnerlyan onerat or* enters tte tasking 
the shear was necessary to trip 

tinuous opeitiM'So.rh 61 conditions and‘con- deSfc ^gtb-^^^photo- 

dfaturban^ 0 ” power or load 


Unloading and reappheation of load to driven 
pltaSom but*t£,sr^m e i req r^ for ever y ap- 

best possible starting undo^n^ accomplish 
famous ODeratinT^JSr?. ^ oorabtiotis and con- 
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T, “V. 11 table, used to control the operatic 

with the' «o,7 ^ Pyr0r ?fi er - A photoelectric tube 
forms arrl : pllfier 111114 and relays now per- 

manner ° peratio11 in a more reh’able aid accuse 

cran^o r ^r^ tall ? tionS i ia y e , been “ade which permit 
me£ns of tw ? COI ? tro1 heat “g furnace doors by 
othcr steil ^toeiectric equipment. A number of 
have bee * applications of photoelectric devices 

stock4ri n ?evTfndic S a"o^ %otti^of ‘ ’TS St ° ps ’ 
heating- furnaces p^ omeiers eto 2 ““ m re ' 


▼ 

b f U J 1 ^ 3 . 1 has > in s ? ite of adverse conditions, 

5° bemg a . nU1 ? ber of new ^eas and elec¬ 
trical developments in the iron and steel industry 

Cooperative exchange of information has con- 
tinuecl and permitted the industry to benefit from 

ment ldUal &S Web aS cobect * ve effort and develop- 
1'he Chairman wishes to express his appreciation 
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for the assistance rendered by the members of the 
committee in the preparation of this report. 
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ANNUAL REPORT OF COMMITTEE ON COMMUNICATION 


Committee Affairs 

T HK Committee oix Communication continued 
the practise of outlining at the beginning of the 
Institute year tentative communication pro¬ 
grams for each of the subsequent scheduled Institute 
meetings. In making up the year’s outline, the 
Committee strove to select material which would be 
of broad interest to the Institute as a whole and, in 
particular, to foster the presentation of papers on 
subjects that had not been covered before or that had 
received but little recent attention. A successful 
endeavor was made to cover such subjects in a rather 
complete and thorough way. The advance planning 
of programs greatly aided this by allowing the Com¬ 
mittee ample time to solicit authoritative papers dis¬ 
cussing all the major aspects of each subject selected 
for extended treatment. * 

The more important groups of coordinated papers 


which in accordance with this general policy have 
been presented at Institute meetings during the oast 
year are: 

Symposium on Communication Services for Power 
Companies 1931 Summer Convention: 

This was prepared with the cooperation of the Committee on 
and distribution and is headed by a general review of 
the subject prepared by a joint subcommittee Of the Committee on 
Communication and the Committee on Transmission and Distribu¬ 
tion, followed by a group of individual papers prepared by power arid 
communication engineers, discussing the solution of this problem in 
specific cases. 


Symposium on Time and Time Services- 
Convention: 


-1932 Winter 
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This is headed by two papers discussing the astronomical aspects 
of tune and its measurement, followed by discussions of the time 
services given by the Naval Observatory, the telegraph companies, 
and the power companies. In arranging this symposium the Com¬ 
mittee on Communication had the cooperation of the Committee on 
Transmission and Distribution. 

Symposium on Trqffic Control —Northeastern District 
Meeting, May 1932: 

This is headedby a general discussion of traffic control followed by 
papers describing various electrical systems now having important 
fields of application. 

Planning for Telephone Toil Service— Southwestern 
District Meeting, October 1931: 
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and certain technical problems involved in their design. * * 

In addition, a number of individual papers has 
been presented under the auspices of the Committee 
at various national and regional meetings during- the 
year, discussing important phases of neifr develdp- 
ments in the telephone, telegraph, and radio arts. 
The total number of communication papers, includ- 
mg^ the symposiums, presented at these meetings 
during the year was 33. g 

The communication sessions have been verv well 
attended. The Communication Committee^ pro¬ 
poses to continue during the coming year its plan of 
developing programs involving groups of coordinated 
papers coveting subjects of broad general interest 
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Advance of the Art 


In line with the aim to keep this report as short as 
practicable there are listed below only a few of the 
outstanding advances made in the field of com¬ 
munication last year. 

During the year the Bell System introduced tele¬ 
typewriter exchange service whereby any subscriber 
to this n«w service may secure a direct Connectidh to 
any other subscriber over which the two may canv 
on instantaneously reproduced two-way typewritten 
communication with one another. The methods and 
switching equipment employed in establishing con¬ 
nections are similar to those employed in telephone 
practise. 

Also during the year the Western Union Telegraph 
Company and the Postal Telegraph-Cable Company 
jointly maugurated a new form of telegraph service 
Imown as “Timed Wire Service.” This is available 
to customers who have simplex printers, and pro¬ 
vides for the 'transmission of communications from 
^ prmter to any other at rates based on the time 
the facilities are in use, rather than on the number 
of words transmitted. Printer customers desiring 
this service will obtain connection at the central office 
with an automatic reperforator, which will directly 
Pirated tape in form for retransmission 

toidiw 7 a Av 1 ”^ With0Ut additional manual 
a ™ < t~ 18 '* ^ ^ns point a second perforated taoe 

wdl be automatically prepared and used for retrans- 
* be message to the customer addressed 
The service is somewhat analogous to a one-way 
private wire connection, although a direct connection 
“"f&hed. The Timed* Wire Ser^ce"? 
permits of a more economical utilization of the trunk 
wire plant than would be possible were a direct con¬ 
nection of printers established. n 

^An automatic concentrator was developed for use 
on printing telegraph circuits to provide faster and 
more economical service on customers’ lhS The 

C " p “ 1 ' ”1 

wasd eve Io ped and an initial install^ 
Comply ° n the . hnes of Pt «tal Telegraph 


. A 1 ne JJ’ c jt>le and radio operating'center serving 
ghg* ^ r abk ^° mp &n y> the Mackay 

Cables Com P. an y> ^ All America 

HnJrfncr fwfc? S 1 °P eratlon last year. Circuits 
c?? 8 'A tbe Umted States with Europe, Central and 
&mth America, and the Far East SrttaSta tMs 
center and connect 85,000 miles of under-seatek- 

Sb?^ t^r t , hr ? tlgh , - 1 ® separate channels. Three 

"id two New 

x orR-i^ondon cables have been equipped with re- 

Seised V l 0ped Printo a PP aratus whilh has greatly 

efS d snhtif tT 07 of ^eptiou and h£s alsl 
effected. substantial economies. A recentlv de- 

veioped method for converting the non-uniform 

fieTfi u y S / ** Cable Mors * Code ^ TZX 
nrir.+tlf* code > so as to permit of the operation of 
,°. n lon 2 non-loaded submarine cables, is 
employed in connection with these printers. 

A pneumatic tube carrier routing device has beeir 
developed by the Western Union Telegraph Com- 

c^JrfromT^ 11 ^ S K eC - ting and diverting tube 
S mto the proper branch 

rnoes. Pneumatic tubes are used to carry tele¬ 
grams between main and branch offices and betw^eL 
points m large main offices. een 

^ements in cable making have in- 
fsOO^a^ sta * d ardization of cables of less than 
^Ploying 26-gage wires, and the appli¬ 
cation of a new process of insulating small-gage con- 

Under the new ^ ethod 
ls the cable wires, a coating of wood pulp 

is applied to each conductor from a bath of wat-er- 

suspended pulp. This coating when it dries be- 

cpmes a continuous uniform sleeve of porous paper 

“1 ^ Cables talT 

enal are of the same size and have practically the 
same operating chameteristics as cables of the older 
f ° r ,^ ch wes are insulated by hehcal wrap¬ 
ping^ of thin, narrow manila paper ribbon. Four 

f ° r P roduci ng pulp-insulated wire were 
placed m operation last year with an output capacity 
of about 200,000,000 feet of wire a week P 7 

afid. e t£ 1< ro Ha ' Wa ? , i ly S de J aneiro > J ava > Sumatra, 

_? d Canaj 7 Islands were brought into tele¬ 
phone ■ communication with the interconnected tele- 

°j America by means of radio 

hj^s established in the past year. The first three 

TTnif^ri^f ^ eac l ie d by direct radio circuits from the 
United Sts-tes. Communication between the send- 

SIn^ d n/S ei u ng s .* ations at Ca.hu, and the other 
w eHawaUan archipelago, is secured by an 
ultra-high-frequency radiotelephone system put into 

S? ce • by 1 the ^ utual Telephone Company. This 
system is also used regularly in inter-island telephone 


Single side-band transmission of short-wave 

T«^+ ?b °?^T as , successfully demonstrated by the 
^Telephone and Telegraph Laboratories. 
raM s P r ® ad .side-band system for use on short-wave 

^L te ^ pb ^t h £ ka has also been developed by 
means of which distortion effects due to selective 
fadmg can be largely eliminated. By an extension 
of the prmaples involved, a number of side bands can 
be pmced on one carrier in such relative positrons 
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to each other and the carrier that harxix 0 nic diet™. T 

taon as well as crosstalk between- channel • r to {~ Improvements have been made during the year in 
nated. - AS 1S e ™- controllers for pre-timed traffic signals. One type* is 

A successful demonstration of f^o*»-vir av r _j. arranged so that signals may be automatically op- 

tdephony on an 18-cm. wavelength was o-i veri °“ S, at f d on different time cycles at different periods" of 
^ j -^gjish Channel by the Intejrnation^l Telenh^ Jf S Ca ^ °I Another type is primarily intended 

and Telegraph Laboratories. This system ?aii a °P ei0 J® 111 connection with a flexible progressive 
micro-ray/* employs an antentfa onX'vt 2 ’ piVi *• system, but may be also used to meet the special 
length. The greater directivity of these short s 111 re Q u ^’ em cnts of detached street intersections. This 
makes it possible to employ the same wra.'velenvth w P^^des for several functions in addition to the usual 
a number of separate channels closely s-r> aoe dai + ^tomatic stop-and-go control: manual control, 
geographical separation, without mutual * flashm ! on ? ne street md flashin ff »d on the 

Because of this, and the wide frequency- band tW 22!? + ? eetS ’ l^^ened green on the main street, 
opened up, the commercial application of tl pen< ld, fire lane at one or more of the 

micro-ray- would make available nearly a IJr* S ^ varym ^ *° P^ 8 at different in- 

of a million additional radio channels. 1 ter tersections, while preserving the total cycle for pro¬ 

gression. 


Cleveland Repeats Its Invitation 

To the Annual Summer Convention, June 20-24, 1932 

Tfce committees are working herd to assure you . profitable and entertaining visit. No registration fee. 



Cleveland Museum of Ait, 
inspection of which is 
included in the ladies' 
entertainment program for 
Monday, June 20, 1932 
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Canterbury Country Club, where play for the 
golf tournament will start on Kdonday, June 
20. A new trophy has been provided by 
Past-President R. D. Mershon to take the 
place of the time-honored Kiershon trophy 
which was permanently won last year> and a 
new trophy has been given by Past-President 
W. S. Lee. A large number of prices, in¬ 
cluding four trophies for en A.I.E.E. District 
team competition, will be provided by the 



r 


at 
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Air Conditioning Department for G-E._ 

The organization of an air conditioning de¬ 
partment within the General ElectricCom- 
pany, which will market various electrical 
devices for home heating, humidifying, and 
temperature control, has been effected, and 
one of the first products to be marketed 
by this new department will be a complete 
oil burning furnace. J. J. Donovan, of 
Cleveland, formerly in charge of apart¬ 
ment house refrigeration sales, will be 
manager. Associated with him will be 
E. D. Harrington, of Schenectady, in charge 
of application engineering; J. R. R ue , of 
Pittsfield, in charge of manufacturin g , atu\ 
H. S. Woodruff, of Schenectady, in charge 
of design engineering. Headquarters will 
be maintained at General Electric’s New 
York offices, 120 Broadway. 


of galvanized surfaces by protecting them 
from the effects of atmospheric conditions 
and from the damage caused by exposure 
, gas< ^’ acid ftfiPes, smoke, and brine. It 
is used for protecting galvanized roofing, 
fences, screens, transmission towers; sub¬ 
stations, and other galvanized products 
Officers of the Stibloy Products Company,' 
Inc., control of which has been acquired 
by .the Koppers Products Company, are: 
president, J. N. # Porker; vice-president, 
b. H. Bell; secretary, John D. Shaner* 
and treasurer. S. T. Brown - . 


American Steel & Wire Company Opens 
New Warehouse.—A new Chicago ware¬ 
house located at 2364 South Ashland Avenue 
is announced by the American Steel & Wire 
Company. The new depot supplants the 
Lake Street site and has the distinct ad- 
vantage of a near south side location. 

New Lifting Magnet.—-The Electric Con- 
troUer 5 & Mfg. Co., 2700 East 79th St., Cleve¬ 
land, Ohio, announces a new size, heavy 
duty lifting magnet known as the No. 31 /, 
type SA magnet. The new magnet is an 
intermediate size and intended for use with 
overhead, crawler, or other type cranes in 
foundries, scrapyards, etc. It requires a 
5 kwr, direct-current generator. 

A New Dead-End Clamp.—The Ohio 
Brass Company, Mansfield, Ohio, has de¬ 
veloped a new universal strain clamp to. 
meet the need for a small, inexpensive 
dead-end clamp/ It is designed especially 
for use in stringing distribution lines, sub¬ 
station buses, low current transmission 
unes, and overhead ground wires. Al- 
though of light weight, this new damp will 
develop an ultimate of at least 10,000 

5?^;, ? igh slip stre ° 8 th « Provided by 
the W shaped seat and by the curvature 

bod y- All conductors for 
whieh the clamp is designed are held se- 
wrely m its grip. By means of a reversible 
Ple ^’ or c °PP er conduc- 

SLJ No * 6 to 4 /0 may be accommo- 
dated. Clamps are supplied with or with- 

b . aU and socket eye. The clevis 
or, tne clamp may be connected directly 
: to any of the other standard O-B clevis 
type suspension insulators did hardware 


New Multiple-Duct Concrete Conduits.— 
Two new designs of multiple-duct concrete 
con mts for underground high tension power 
cables and low tension telephone cables 
have been perfected by the McCracken 
Machmay Company, Siotn[ City, Iowa, 
which also produces equipment for their 
automatic manufacture. The concrete units 
are sard to be non-fusible, with: extremely 
smooth interiors, made in four-foot lengths, 
and the concrete, when adequately cured, 
develops a crushMg strength of over 4 000 
pounds per square inch, with less than 8 per 
cent absorption and waterproof resistance 
against 15 pounds hydrostatic pressure 
For low tension lines the complete unit 
joint is grouted to prevent water filtration 
but toe ducts within the unit are not 
jointed. For. high tension cables each duct 
is jamted independently. The extreme heat 
of short circuiting will not fuse the con- 
crete, and the danger of a burnout damagine 
neighboring lines is said to be remote. The 
units are low in production cost as the 
manufacturing machine has a capacity 
° f , 3( > duct-feet per minute of 6 -way 
condpit, ^20 duct-feet of 4-way conduit, 
and 10 duct-feet of 2-way conduit. In¬ 
stallation costs are reduced because 
narrower trenches will serve, joints are 
cemented before being placed in position 
no extra excavation is needed to allow for 
plastering joints, and the units are laid at 
greater speed. The new multiple-duct type 
conduit has been adopted for important 
work m Uruguay by the International 

Telephone and Telegraph Company 


High Voltage Testing Equipment— Bulle 
tin GEA-1168A, 12 pp. Describes standard 
apparatus for making high potential tests 
- on insulating oil, bushings, and solid dielec¬ 
tric material, apd for conducting high 
voltage investigations. General Electric 
a Co., Schenectady, N. Y. 

s Fuse Links.—Bulletin, 4 pp. Describes 

; * be toe link, s 

“ fa ? blowm S, low temperature 
’ ' l mks for expulsion cutouts. Line 
Matenal Co., So. Milwaukee, Wis. 

Floodlighting.—Bulletin 777,28 pp De 
scribes various principles of floodlighting 
and includes numerous photographs of 
different types of installations. A simple 
method of planning floodlighting is out¬ 
lined. Curtis Lighting, Inc., 1123 W 
Jackson Blvd., Chicago, Ill, 

Diverter Pole Generator.—Bulletin 55 
4 pp Describes Diverter Pole generator 
tor charging motive power batteries, which 
meet the standard specifications of toe Elec- 
tnc Truck Manufacturers Association The** 
Electric Products Co., 1725 Clarkstone Rd, 
Cleveland, Ohio. 

Testing Machines.—Bulletin 28, 36 pp. 
Describes hydraulic testing equipment for 
determining the physical properties of ma- 
tenals. Contains illustrations of typical 
installations, including the four million 
pound machine recently shipped to toe 
University of California, claimed to be the 
largest universal testing machine in the 
™} d - , Baldwin-Southwark Corporation, 
Philadelphia, Penna. 

Meter Test Eats.—Bulletin. Describes 
types E S and KF meter test kits. Specifi¬ 
cations—25 ampere capacity; light load 
current controlled by four toggle switches 
in fixed steps totaling 2 Vi amperes; full 
load current between 2 % and 25 amperes 
is controlled by rheostats, which provide 
a means for readily compensating for any 
variation in external impedance. A handy 
current indicator shows the current read- 
tag while the load is in use. The States 
Co., New Park Ave., Hartford, Conn. 


TraJe Literature 


„ Stibloy Now Produced by New Koppers 
^Company.—The Stibloy Products Com¬ 
pany, Inc., with principal offices in the 
poppers Building, Pittsburgh, has taken 

Taf ° f }' iqvid Meta I Prqducts, 

j’’ Ghicago, producers and distributors 
j-under toe^Arent patents, nf Stibloy, a metal 
^compound in liquid form, which^cts a^a 
pnnmry coating to hold paint, pfinmai 

of neiy galvanised metal surfaces 
%t|oy was developed to extend S toe^ life 


' Cir *? t Breakers.—Catalog 5 , 16 pp. 
Describe 8 Roller-Smith air circuit breakers, 
both open and enclosed; attachments and 
accessories of all kinds; relays and sectional 
steely dead-front switchboards and cubi¬ 
cles, A .Complete line ,of the latter is of- 
fered and such switchboards ma& be made 
up ofair circuit breakers, oil circuit break- 
rec ording instruments, 
deadrfrmit knife switches or combinations 

pi *5 fo 5* RoUer^Smith Co., 12 Park 
Pl>, New York. 

V •: . 


Circuit Breakers.—Bulletin 
v-1939, 8 pp. Contains a general descrip¬ 
tion of a new line of "De-ion” circuit 
breakers. These breakers use a new method 
of arc. extinction that enables Aminat;™ 
of .ah fuses in panel boards, distribution 
switchboards within the breakers’ ca¬ 
pacity and industrial applications where 
switches are now used. Bulle- 
tin C1937 describes construction and appli- 
cation details of the 225-ampere breaker. 
Westmghouse Elec. & Mfg. Co., East 
Pittsburgh, Penna. 

_ Specifications for Butt-Treatment of 
POles.—Bulletin, 4 pp. Contains specifica¬ 
tions for the butt-treatment of Western 
red and Northern white cedar poles, incised 
process (Pentrex)* as adopted by the 
^dar Association and toe 
Northern White Cedar Association, Eulle- 
“^dcs the specifications for 
toe B process (nb specific penetration 
guarantee^). Bulletin,: 2 pp. Describes 
AA prpcess (no specific penetration 
guainnteed). Natigfe Pole & Tie Co., 
So. Wabash Ave., Chicago, Ill. 
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Leaching plant of the Inspiration Consolidated Copper Com¬ 
pany at Inspiration, Ariz. This plant has an operating ca¬ 
pacity of approximately 80 tons of electrolytic copper per 
day, with power supplied through 3 5,450-hp. motor- 
generator sets, having a combined capacity of 36,000 am¬ 
peres at 320 volts, and a voltage range from 0 to 320. 

Photo courtesy Westlnghouse Elec. S Mfg. Co. and Inspiration Consolidated Couper Co. 
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of the*A?p^ ER Whosetenn 88 president 
of tie A.I.E.B. expires July 31, 1932, out- 

of the' difficulties facing the 

dectrical en &ineers in general 

. JJ* “ ^ summer convention address 

Swaktog 0t eco¬ 

nomy conditions President Skinner said 

t0 be a “"Spread feeling 

tion “T throu * a* applica- 

hon of the engineering method.” p. 472 _ 


Papers presented at the District meet 
mg hdd May 4-7, in Provided £ l 
cited the usual amount of discussion 
Papers dealing with induction moto^ere 
especially well discussed, p. 524-525 

Those Who will spend their vacation 

tobehTa l 932 Pacific ^ mention 

to be held in Vancouver, B C on 

fo Sepr he, 2 , ^ s ; d th C a ; A ~ 

^«hava spared no effort to make their 
Visits both highly profitable and extremelv 
enjoyable, p. 518-519 ly 


527 

532 

534 

536 

537 

538 




Members Of the Institute and sub- 
C ° ntlt ! Ue t0 make use of Electrical 

S -° pen forum « "Letters 
to the Echtor” columns. Discussions of a 

anety of topics may be found in this 
issue, p. 527 u in rnis 


Breakage of conductors on electric 
power ^transmission lines formerly at- 

mat^kl t0 Crys . taUi2ation of t8e conductor 
material now is charged to mechanical 

^bration. The first of two articles dealing 

> e+ th ]f. proljIein describes laboratory 
tests made for the purpose of studying thl 

coT/ 5“ Phen0mena - and means of 
combating it. p, 482-487 

uld L fo~ ITER corQ munication is 
I ^ extent in collecting 

geminating meteorological , data along 

with principal airways of the United State? 

provided^ 6 * a lar * e Portion is 

poinded by the government, is used also 

ZuT, ■*"**”* and other matters 
incidental to the operation of the country’s 
an^ays. p. 492-496 


New OFFICERS elected recently to 
serve the Institute for the year 1932-33 
were announced at the summer con¬ 
vention. P.S17 

Industrial management 

and engineering are twin brothers; 
they have developed together. So 
states an authority on engineering 
education in discussing the educa¬ 
tional aspects of engineering and 
management, p. 476-481 


Behavior Of the Plate and grid 
currents in a grid-controlled mercury- 
vapor tube may inhibit the proper 
functioning of the tube. This is one 
of the findings of a series of tests on a 
typical tube of this type. p. 500-505 


Calorimeter tests on a large 

hydro generator show that the stray 
losses measured under load conditions 
are practically the same as those 
measured by the conventional short 
circuit methods, p. 497-500 


Improvements the design 

o single-phase commutating type 
railway motors have made it possible 
to design simpler, lighter, and less 
expensive a-c. locomotives for the 
Pennsylvania’s New York-Washington 
electrification than had been used 
previously on that road. p. 488-492 


In THE PAST many of the data for 
comparable porcelain insulators for 
use on electric power transmission 
hnes seemed conflicting. A closer 
agreement among the different manu¬ 
facturers is indicated, however, in a 
group of three articles covering recent 
studies conducted in this highly im¬ 
portant field, p. 505-516 


To CALL the 1932 A.I.E.E. summer 
convention j'ust concluded in Cleve¬ 
land, Ohio, an unqualified success ,is 
no mistake. The technical sessions 
were maintained at their usual high 
standard; the sports events, always 
important parts of the summer con¬ 
vention, were "top notchers” as usual; 
many matters of importance to the 
Institute were considered at both the 
annual meeting, and the conference 
of officers, delegates, and members. 

P . 520-523 
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The Engineer 


in a 


Changing Society 


An outstanding article is presented here¬ 
with. It is the address given on June 21, 
1932, by Doctor Wickenden during a 
special session of the recently completed 
forty-eighth annual summer convention of 
tne Institute In Cleveland, Ohio. Its 
message i s of tremendous importance to 
engineers and to society. — Editors. 


By 

W7LLI.AM E. WICKENDEN f A „, c , 

MEMBER A.I.E.E. Of Applied Science, 

Cleveland, Ohio 


President, Case School 


I 


— N THE DRAMA of civilization the 
eng’ineer suddenly finds himself called from iS™ 
luting the properties m the back-scene and the wings 
to piay a leading r61e in the center of the stage/and 

n™ p .y t b ? ic 1 ?^ ot Y Gt sure whether he is the hero or 
the villain of the piece. The old-line actors who have 
been thrust into secondary r61es are savin? con¬ 
temptuous things. “This newcomer—he is a mere 
upstart, with no -traditions; he is a hard-minded 
fellow, without refined sensibilities; he reduces every- 
t ung lie touches to hard and fast quantities, as.if the 
1 ? V* ** ^ ems could be solved on a slide-rule and an 

adding machine, lie cares nothing for beauty and 
serenity; he fills our cities with noise and ugliness and 
the^ countryside with grime and waste; he stand- 
di dizses all that he touches; he makes robots out of 
men by day, and fondly imagines that he can turn 
them back into men after working hours by giving 
t^in bathtubs, radios, and cheap automobiles 
1 his fellow is a philistine, with no love for the human 
spirit. 

It is hard to cast the engineer of today into the 
mold of a hero. No modern Virgil has quite dared 
to begin an epic Tools and the man I sing, " but then 
Aeneas had plenty- of time to become a legendary 
figure before Virgil took him in hand. Just at the 
moment heroes are out of fashion, anyway v The 
echoes of the greatest war in history are barely stilled, 
and not one military idol has a pedestal. Foch re¬ 
tires in simple dignity- to write his memoirs ; Hinden- 
burg bangs up bis saber and goes to work for the 
Fatherland; and Tershing remains the best tailored 
general in retirement. Shades of Wellington and 
U, S. Orant! Heroes are out of fashion. 

Home of our contemporaries, wearied by the shocks 
of revolution and. transition, are feeling homesick for 

JtnbY 1932 


the middle ages. They would like ts see us back in 
the, thirteenth century again, building Gothic cathe- 
drab for the sheer joy of faith and love of beauty. 
That was the day for heroes, only then men called 

* SeeD fr ?? afar ’ what a simple and 
nified life that was, with no cross-purposes, no com- 

h + and no . frustrations. Human life and society 

fW °? e 1 l ea1, one value > one goal, and 

beyond. The attainment of sainthood, 
“ no £ wodd at least in the next, was the goal 

of all striving. Ml work was religions work and 
every calling had its patron saint. Many of the 
saints seem to have won their halos by reputed ser¬ 
vices m making crops to flourish, in drhrtng away 
pests or in: wardmg off epidemics. Perhaps our 
scientist^ and inventors are 6 centuries too late. 
•Pasteur, Lister Edison, and Marconi would most 
certainly have been canonized, and perhaps even a 

the calendar for the veneration of 

Geniuses* it would seem, have been growing either 
more rare or more commonplace under the blighting 
ouch of science. Who . in these 3 centuries since 
Ualileo dare? to measure his stature with a Moses, a 
“* AJexander, a Plato, a Jesus, a Michael 
• JPf*’ ° r a Shakespeare? The essence of modernity 
is that progress no longer waits on genius; instead we 
ave learned to put our faith in the processes of re¬ 
search and the organized cooperation of ordinary 
men., To the ancients the pursuit of knowledge was 
hke placer mining—a pursuit for solitary prospectors. 
Nuggets of truth were found occasionally and some¬ 
times m a f airly pure state. It would seem that these 
nuggets were Jhore often hoarded than milled into 
the coinage of common knowledge. Very often the 

W u te lo ? or for g°tten, waiting a thousand 
yars to be rediscovered. Three centuries before 
umst, Aristarchus undertook to measure the dis¬ 
tances separating the earth from the moon and the 
sun, and posited the earth’s revolution about the 
latter. Shortly after an Alexandrian Greek, Eratos¬ 
thenes, proved the earth to be a sphere and actually 
measured its diameter within a scant 50 miles of error. 
Yet none of this knowledge availed to keep Galileo 
from threat of torture and excommunication. 

Science Becomes Powerful 


•• began to subdue nature and to transform his 

3 centuries ago^-he began to 
v ?^ of knowledge systematically, 
when he learned not only to recognize truth in its free 
|^but to separate the finely dispersed gold from 
he baser ore of common experience, by measurement 
by experiment, by hypothesis, and by verification! 



r 


Science became powerful when it became cumulative 
^“observers began to keep detailed records, to 
publish their findings to the world, to organize co- 
' operating groups m order to pool and criticize their 
experiences. Science became powerful when its gSld 
was no longer hoarded but was coined into everyday 
knowledge and usA ■ y 


Science Is New, 
Man Is Old 


Science a Division of Knowledge • # 

Science, too, owes much to the principle of division 
of labor. Francis Bacon, who by profession was 
Lord Chancellor of England, was able to claim all 
knowledge as his sphere in the sixteenth century. 
Effective science began when it passed from the 
occasional amateur into the hands of men who made 
the winning of knowledge their special function or 
profession. At once these men began to break 
knowledge up into smaller and smaller fragments in 
order to pursue it more intensively. Recently ex- 
Senator Pepper of our neighboring state, of Penn¬ 
sylvania, made this contrast between the sp ecialism 
of science and the generalism of philosophy the sub¬ 
ject of a dever epigram. Scientists, he observes, are 
men who learn more and more about less and less till 
they end by knowing everything about nothing; 
while philosophers learn less and less about more and' 
more until they know nothing about everything. In 
any_ well-balanced educational program science 
needs the compensating values of philosophy and 
art, because of this fragmentizing of nature and 
experience. 


Group Effort, 

Not Individual, Becomes Important 

As science has become more dominant in human 
activity, the reign of genius has begun to fade 
Though nch in great names, the annals of science are 
strikingly devoid of towering figures. Science grows 
^ accumulation rather than by brilliant and un¬ 
predictable strokes of genius. Its victories belong to 
the army of patient investigators in sequestered 
^abomtones, rather than to some rare Napoleon of 
the lecture platform. Its ideal is that of removing 
the .hazards of chance from progress. The key to the 
°^ Ca *- rev ?^ u ^ on °f the last century is not in 

SrnlvtS 9 ' 1 Wlzar ^, nor ^ gemus appearing sud¬ 
denly hke a prophet from the wilderness; it is to be 

found in the capacity which men have developed to 

from^tSm^^ 8r0aPS ’ deVel ° ping their leade rship 

ld ff lof Progress through cumulative effort 
a±her than through genius—progress by org aniz ed 
fo*' progress which does not wait for some brilliant 

S&ST dis ^ over y» °r the advent of some 
superman, which marks the chief contribution of 

HaM C bitt r^^oP^' The results bril- 
hant, but they fad to satisfy the instinct of hero- 

•_ °P slu ?' Arms and the man I sing,” chants Virgil 

in heroic meters to celebrate an age gorgeous in color 

^romance The machine age lealS ^ pbS 

son £* is * a minorkey 
^Masefield s Life s a long headache in a noisy 


Much of our contusion about the social values of 

thefact tw yvm technical uses appears to arise from 
e fact that our instincts and our circumstances have 
gotten several centuries out of step. We have a 
million years of pre-civilized experience imbedded to 
our nervous systems and our emotions, an experience 
dominated by fear cold, want, diseas^ and Wer 
Science and a scheme of life based on oreaS 

experience T’ ~w in terms of race 

trolkd omvr J«1 o Wh0le ldea ° f P ur P° sed “d con- 
p ° gr 5 SS S newer > and as for getting 
machines to do work instead of muscles, so that al! 

men may have an abundance, it is an innovation of 
the moment. For the sake of vividness let us re¬ 
duce the scale of race history to terms of individual 
experience. Instead of a million years of race de¬ 
velopment, let us think in terms of the time it takes 
an individual to reach the full maturity of his 
ppwers-say 50 years. On this scale how old m ' 
civilization, organized science, the idea of progress by 
deliberate innovation, and this machine age^ It is 
as if homo sapiens had settled down from a nomadic 
existence to tend flocks and till the soil only 19 d^s 
ago, as if he had grown curious about the ways of 

,mnr, r tT? midni S ht this morning, had hit 

upon the idea that progress does not merely haooen 

but can be deliberately speeded up by inventionand 
innovation about dawn and had gone^b Jufie t ^k 

Ssf 168 d0 . hi f T rk for him on[ y as he 

^ s . morm tfg s breakfast table. Little 
fusio^ ^ ^ mStmcts and “notions are in con- 

anthropologist has in his collection 2 
st ° ne ^pieiuents, which he estimates to 
differ m age by half a million years. One is crude in 
a * d scarcely recognizable as a tool; the 
1x10116(1 "»th considerable art. They 
PaCe ° f * unaided evolution in human 
stairs. As an experiment, he took modem boys 

I m chi PP in g stone and with only 

mor^L Pt ?^ e ? at ?? als ' tau S ht in a little 
hojurs to chip out implements superior 
to the best work of prehistoric man. So much for 
0 lf ?, e of Progress by dehberate scientific control. 

episode is the startling contrast be- 

imIo ldea of statlc society, the mediaeval 

idea of progress by unaided evolution, and the mod¬ 
em idea of purposed and controlled progress. 

Progress Is a New Idea 
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h6 j Ver y idea of human progress seems to have 
t0 4 % ancient mind. Society, it was 
ought, hved m repeated cycles. Some genius 
would appear and lift life for a time to a higher level, 
he, be eame a legendary figure, life would lapse 
again to its old commonplace. Rise and fall, ebb and 
supposed to be inherent in human experi- 
A -V but the base line was fixed and unchanging. 
Ancient civilization was largely backward-looking. 

oY^c 0et T+ S ? :t ^ some golden age, when men were as 
gods. Its hopes ware centered in some Messiah Who 

#. . . ' • . ' '* • •***.*.. • * 
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might restore the glories that had been lost. The 
mediaeval mind, it would seem, was a little more in¬ 
clined to believe in progress. Mankind might be on 
the upward grade, but at best it, was an almost im¬ 
perceptible slope, and what was gained could come 
only by a toilsome process of trial and error. Onlv 
modern man, armed with the tools of science, has 
dared to believe that the welfare of human society 
was m his own control. J 

Abundance, Too, Is New 

To modem science, and its ideal of cumulative 
progress, we must also credit the growth among men 
of a psychology^ of abundance. To the primitive 
mind, with the hardships of continuous want and 

?u C ? S S mal ^ a “ llne branded on its memory, the notion 
that the earth could be made to yield an abundance 
of goods for all her children could seem only fantastic. 
Stoicism represented the highest level of virtue in an 
a £ e wan t. Charles A. Beard speaks of his vivid 
first impression of the Hindu religion, as the natural 
expression of the philosophy of a people with no hope 
in this or any other world of having a square meal. 
If scanty resources and production forbid the satis¬ 
faction of the most elemental of all desires—the long¬ 
ing for food what greater boon could man crave 
than emancipation for all consciousness and desire? 

The ancient world looked on slavery and aristoc- 
racy as natural institutions, or even as ordained of 
Cod. They were the inevitable consequences of 
meager resources. To me, it has always seemed no 

I? co ^9 d ^e that growth of democratic 
ideals and institutions has moved step by step with 
the growth of pure and applied science. Democracy 
is the political and social affirmation of the credo of 
progress, it rests on faith in man’s capacity to pro- 
duce an abundance for all. Do not make the mistake 
ol blaming today s hunger and want on men of science 
and on engineers. The sad dilemma of a hungry 
world in. which farmers bum the crops for fuel of 
ragged men in the shadow of mills able to turn out 3 
times as many garments and shoes as the people have 
ever used, of a business world as much troubled with 
unemployed dollars as with unemployed men, all 
suggests that researchers and engineers have eagerly 
accepted the psychology of abundance, while the 
world of finance and of trade is still largely dominated 
by the economics—or perhaps better the instincts— 
of scarcity. 


50,000 tunes a second. If he is accurate, he can 
estimate lengths to a quarter of an inch, but he cap¬ 
tures a light wave and makes it measure to a mil¬ 
lionth of an inch. He can see 10 or 20 miles, with'the 
k'gathered by his eye, but he makes a telescope 
which gathers light from galaxies 100,000 light-years 
distant. He holds up his hand and feels no heat from 
the stars, but he builds a radiometer, so delicate that 
m comparison with the current of an ordinary electric 
lamp, what it detects is equivalent tq a change of 2 
drops a year in the torrent of a Niagara. He, him¬ 
self, is a weak, inefficient machine, but he builds on 
one shaft a machine to supply more work than could 
be done by all the slaves Lincoln freed. 

\ 0nl y ^ lan > bi all nature, overcomes his own limita¬ 
tions and explores the universe about him. That is 
what all tools are for, to overcome the limitations of 
men. If ever the tables are turned and machin es 
become masters of men, civilization will be upside 
down. It would be folly to assert that only good can 
come out of discovery and invention; but it is equal 
tolly to blame upon researchers and inventors the 
hardships which come as an incidental result of their 
work. Back of all the details of industrial economy 
hes ha!f concealed a more profound issue of social 
utility which scientists and engineers have never 
directly faced. How far is it humanly profitable to 
pu^h discovery and invention? Perhaps it would be 
more appropriate to ask “how fast” in place of “how 
far. Free play to the social consequences has 
always been taken for granted. Individuafs were 
bound to suffer hardships but it was assumed that 
society at large profited immensely. The doctrine of 
totssez-fatre assumes that at least a working balance 
will be kept between technical and moral progress. 
We have seen industrial technique advance' with 
amazing swiftness, while the moral and legal controls 
on which the safety of society depends were being 
readjusted by the fumbling process of trial and error. 

Scientific Knowledge 
Exceeds Social Intelligence 


Man Overcomes His Limitations 

Thomas Carlyle, who had a great deal to say of 
heroes and hero worship once spoke of man as “the 
ool-using animal. However Carlyle may e have 
meant it, this is really a great tribute to man’s dignity 
and, worth. Man, alone in all nature, overcomes his 
own limitations. His voice is weak and can carry 
only a few hundred feet; but he builds an amplifier 
which can be heard for 5 miles, so that he may speak 
to possible millions. His hearing is faint, but he* 
makes an electric ear which can detect an airp lan e 
10 miles away. He can count about 10 to a second, 
but he makes an electric eye fast enough to count 
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The tools of industry are in themselves, neither 
good nor evil. Good or evil can come only out of the 
uses to which they are put, and this issue, in turn, 
depends on the values they are employed to create. 
We live in a day when the ruling scale of social values 
has gotten badly out of step with economic facts. 
The triumphs of physical science and our faith, in the 
social gains from technology have made us over¬ 
confident. Have we not built up a social structure 
far beyond the limits of our social intelligence ? The 
foundations, the materials and the members of this 
structure which were ample in a simpler day have 
proved unequal to the complex stresses of a techno¬ 
logical era. Our knowledge of men and of social in¬ 
stitutions stands today where our knowledge of 
material nature stood 2 centuries back. There are 
signs now that we may be compelled to retrace our 
steps for a time to a simpler social order in order to 
prepare for an advance movement to new and more 
secure ground. Civilization may not collapse, but 
evolution is being speeded far beyond its normal pace. 
A decade may see changes in the social order suddenly 
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realized, which are in reality the cumulative result of 
the work of a century. The educator and the envi- 
. XX .™ rk ™ th an eye to the future and must 
w th % n ! ks Recasting on the basis of today’s 
tacts and of yesterday s experience. • 

•* ♦ 

Responsibility of Engineers ^Increases 

. * s to f*? that the focus of our socialintereste 
is no ionger poetical, as it was with the revolutionary 
fathers; it is economic. Their passion for political 
rights awakens only a hollow echo in the citizenry of 
today Government based on geographical repre¬ 
sentation is showing signs of bankruptcy in an age 
when men s vital interests divide according to their 
work, rather than their place of dwelling. Our par¬ 
ties offer us no principles; our elections are fought 
around persons rather than policies. Actually the 
farm bloc, the manufacturers’ lobby and the bonus 
seekers stand nearer the real issues of our public life 
than do the Republican and the Democratic parties 
Democracy, with its trust in the collective wisdom of 
common men, may prove to be unequal to severe 
social and economic stresses. Russia and Italy have 
repudiated it; Japan is turning away from it; and 
Germany hangs precariously in the balance. The 
engineer has never been a major force in politics; his* 
interests have been administrative, rather than legis¬ 
lative. If,* in tiie turn of evolution, government is 
to be recast on functional lines of representation, our 
profession may find its public responsibility greatly 


Importance of Agriculture 

American agriculture appears to have reached a 
maximum phase of development and to have entered 
upon a phase of decline. Until the turn of the cen¬ 
tury its history was written in terms of an unparal¬ 
leled expansion pf acreage and of markets. We spent 
millions on research to mahe the farmer prosperous 

&*$“*** Power, only to bring him 
face to face with a blind wall of market limitations 
In a period when our manufactured output per capita 
was doubling and mineral production increasing two 
and a quarter; fold, our farm production per capita 
fdl off appreciably Farm population has been de- 
chning at the rate of a million or more a decade, until 
tiie present crisis, and there is now a threat that the 
mechanization of agriculture will further speed this 

2 reVer f ng . this trend see ms to be in 

lWe .directions. One is a great increase in the 
use of agricultural products and by-products as raw 
matenals in industry; the other is a return to^ self- 
contained farm life with little dependence on money 
crops. We may see the story of cotton seed repeated 

mo ■ J5i 18 f 6 ° Was A garbage >m 1870 fer- 
J?. 1880 ? a ttle feed, and in 1890 table food. 

half mdustry representing a turnover of 

b dodars a / ear » 40 per cent of which goes 
to ; the farmer for what was once a waste and a 

inJtself’ b v S Lf Cefarndnga PPearsunpromising 
'SdiSSL-i' bl * promising as an adjunct to 

dustrial employment. The slogan of tomorrow 
may not be “Back to the soil;” if* more ttely to 
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be “One foot *in industry and one on the land.” If 
technological and market changes continue to make 
jobs in industry more and more precarious, some such 
combination of soil .and job is about all that stands 
between America and a fast-growing proletariat. 

While purely rural living is declining, the over¬ 
crowding of our cities may also decline. Glenn Frank 
reminds us that in an age of steam power, it was 
necessary to bring the worker to the power, but in an 
age op eleetpeal power we take the power to the 
worker. Transport by water and rail was inflexible 
town and factory had to come to the traffic arteries* 
Highway transport, on the contrary, seeks out the 
remotest hamlets. 

Manpower Versus 
Natural Resources and Machines 

* advances in technology have definitely 

ended our traditional shortage of manpower. This 
may prove to be a wholly new phase in our national 
histmy. If so, the social doctrine which has domi¬ 
nated our politics, our education, and our industry, 
based on the premises that men are scarce while 
space and materials are abundant, that society must 
SuVl e ? C ? 1 ^dividual and develop his powers to the 

‘ 1 ? ust adopt ever y expedient to 

save labor but could afford to be prodigal with ore, 

coal, oil, timber, water, soil, and other bounties of 
nature, may undergo radical revision. The incen- 
tives which urged on much of our research, have 
shaped the objectives of invention, and have led us to 
the unparalleled development of the automatic-ma¬ 
chine and process in the last 3 decades may lose much 
1 .° rce - Labor surplus, due to mechanical 
productivity, may swing America nearer to a parallel 
with western Europe, with its overcrowding of 
population and shortage of raw materials. 

For a time the curve of industrial progress appeared 
to be an expanding spiral. Invention, stimulated by 
labor shortage an d tirawing on a vast reserve of 
scientific knowledge, gave us better machines; ma- 
chmes lowered costs, made improved products possi¬ 
ble and thus opened up vast new markets; increased 

turnover provided new capital and credit for plant 
expansion; capital in turn subsidized research and 
stonulated.invention; workers were displaced by 
machines, then reabsorbed into new forms of produc 
on and service; tasks became more specialized and 

^^+ S ?- an ^ P i decli ? ed ’ wiping out the worker’s 
capital m his skill; the buying power of a day’s work 
rose and created new levels of consumption; adver¬ 
tisers and salesmen stood by with stimulation in hand 
to revive a flagging market; and the cycle was ex¬ 
pected to repeat itself indefinitely on an ever-widen¬ 
ing scale. 

., ^ 11 ^ W ap ? ea 5 s once the magic curve is broken, 

it is extiemely difficult to reestablish it. Possibly the 
curve is not a spiral after all. Some of the factors 
may have been transients rather than constants, and 
^e curve may have an inherent saturation range 
•where machine economy passes into an area of 
shing returns. Technological unemployment 

^. e n i 0t on ty a temporary hardship to 
mdividuals, but also a cumulative process which 
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brings a menacing tram of sociological consequences 
m its wake. What of the mass markets on which 
mass production depends? What political conse¬ 
quences may come from the rise -of a proletariat with 
no stake in land or m skill or in permanent employ¬ 
ment? What if educational and welfare agencies 
must make their programs and budgets fit a condition 
where there will be little employment for the youths 

Kna o 18 - and only posts of kadership for adults over 
50? Society may with sound justice insist that the 
economic burden of labor displacements be reckoned 
m the costs of production. Engineers contemplating 
the adoption of labor-saving machinery may have to 
include some form of social indemnity as part of the 
cost burden on which a profit may be shown. 

Materials Increase in Importance 

The moving force in the industrial revolution of the 
last century and a half has been the substitution of 
- machines for muscular labor. While this force is far 
from exhausted, it appears to have entered a realm of 
dimnushmg returns. Thus far the substitution of 
artificial materials for those more or less directly ob¬ 
tained from nature has been a distinctly secondary 
factor, but one which lately has begun to assume a 
commanding importance. If pushed to its limits, 
however, this newer force can scarcely be expected to 
give to industry as a whole as great a stimulus as that 
which comes from mechanical invention, or from 
steam and electrical power. It may suffice, however, 
to afford a considerable check on any slowing down 
proc'ess. In any case chemistry and metallurgy are 
fairly certain to assume greatly increased importance 
m every realm of engineering. 

As a result of this growing interest in synthetic 
materials, the deadliest competition of today is not so 
much between concerns as between products. Re- 
seardi has been made to serve industry as a weapon 
of attack and of defense. Large concerns which can 
distribute their risks over a wide range of products 
and which can afford heavy expenditures for research, 
appear to have the best prospect of survival. The 
entrance of industry into the field of research marks 
the triumph of a new technique of invention. The 
philosopher Whitehead points out that what was new 
and peculiar to the nineteenth century was its tech¬ 
nology.. The art of writing he regards as a greater 
invention than the steam engine, but one ivhich re¬ 
quired a thousand years against a hundred for the 3 
engine. 

. ^ matter of fact much of the earlier history of 1 

invention is one of crude practical innovation, fol¬ 
lowed—and. often at long intervals—by the refine- j 
ments of scientific research. Of late we have begun 1 
to reverse the order and to close the gap of time. In < 
the modern industrial laboratory this time lag is s 
ending to disappear entirely. Today’s research f 
becomes tomorrow’s invention and the day after a 
tomorrow s merchandise. Three decades ago indus- c 
try had a veritable mountain of unused scientific in- s 
formation at its service. Today that margin hai* t 
largmy disappeared. If invention is to give industry u 
another such impetus in the next 3 decades our re- t 

search efforts must be redoubled. a 


Conditions May Become More Stable 

An era of stable rather than increasing population 
appears to be at hand. In the early decades ofthe 
last century our population was growing at 4 times 
tiie world rate, and in the late decades at double. 
The prospective scarcity of land and natural resources 
was heavily capitalized and vast fortunes were accu¬ 
mulated* from this almost effortless wealth. The 
tempo of agriculture and industry lyas adjusted to 
rapidly expanding markets and rising wealth. Just 
when this growth began to slacken, the world war 

^^ e iPr° < ^ Uc ^ orL mimense but temporary impetus, 
which has complicated the process of readjustment. 

* be sl } or tage of land and natural resources has failed 
to arrive; both show signs of having been heavily 
overcapitalized. The economic life of America is ap¬ 
parently becoming more nearly parallel to that of 
Europe where the turnover of trade rather than the 
unearned increment is the chief source of accumula¬ 
te 011 - effect of this change on our national habits 
of philanthropy is an interesting subject for specula¬ 
tion^ Will our educational and welfare institutions 
continue to enjoy private bounties on the scale of the 
past? Possibly not. 

Problems of Youth Increase 
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. To ^e educator the changes in the age distribution 
of a population which is in process of becoming stable 
are even more significant. If we go back to 1850 we 
find more than half the population of the United 
States under 20 years of age, and barely one person in 
11 a mature adult over 50. The actuarial prospect 
for 1950, when the curve has flattened out, is that 
about a third will be under 20 and fully one-dharter 
over 50, in short that the ratio of mature adults to 
young people will have increased 4-fold in a century. 
In 1850, youth was abundant and at a discount, 
maturity was scarce and commanded a premium! 
Maturity is now becoming abundant and youth more 
scarce, with a reversal of the scale of values. The 
social consequences are evident on all sides. Leisure 
is being transferred from youth to maturity.. The 
decade from 20 to 30 is becoming less available for 
adventure and experimentation. Settling down at 
30 is beginning to involve risks of never m airing per¬ 
manent connections at all. The age level of life’s 
most severe competitions is coming down. More and 
more, the long and costly sequence of school, college, 
professional training, and apprenticeship running into 
the late twenties is being called into question. 

If stable population and surplus manpower affect 
America as they have already affected Europe we 
may see social strata becoming more permanent, the 
carry-over of wealth from one generation to another 
assuming greater importance, a sharper cleavage 
forming between education for citizenship in general 
and that for highly intellectual pursuits, greater con¬ 
cern to fit young people efficiently into the economic 
system, more of education transferred to a continua¬ 
tion period running parallel to early employment, and 
more of an effort to create and diffuse a national cul¬ 
ture concentrated on the growing leisure of middle 
and late adulthood. These changes seem to the 
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vmter to confinn the wisdom of an educational pro- 
* gram which bnngs the great body of our young engi- 

1 " e nor P al relationships of the industrial 

orfd at the age of 22; they also emphasize the need 
to provide much more generously than in the past for 
continuation education for graduates. 

Secondary Education 

• • 

The scope of .secondary education is being greatly 
extended and its functions widened. Up to the pres¬ 
ent the high school has taken only an incidental part 
m the occupational sorting and guiding of youth. In 
the early future it may have to carry the major part 
of this responsibility. The states have been steadily 
advanmng the age limits of compulsory school at- 
tendanfce. Meanwhile commerce and industry have 
had less and less to offer young persons seeking em- 
ployment under the age of 18. The highly sub- 
dmded tasks open to these untrained beginners usu¬ 
ally have little training and exploratory value to 
those m search of careers. The school has no choice 
but to hold all its pupils through the early stage of 
adolescence, and to provide them with the means of 
finding out then- occupational interests and of mea- 
sunng their capacities against the world’s work The 
surface of this problem has scarcely been scratched/ 

?o mn Um ^ ° f reco ? uzed yocations is said to exceed 
30,000 and a majority of those in industry, at least 

fef amoved from the elemental experiences of 
youth that a young person cannot easily visualize 
them or by imagination project himself into them. 

The overwhelming magnitude of this task of social 
?^“ C f U P^ 10na J r ad J l,stme . at . involving each year an 
army Of 2/, million recruits to the active duties of 

Wit 313 ti Yy? tened to overshadow the intellectual 
functions of the secondary schools, and to dilute the 
education °f young people of intellectual tastes and 
gifts. Schools, at tunes, have seemed to resemble 
department stores where ah kinds of merchandise are 
considered equally important and the customs fa 

always right. Within the last decade, however, this 
equahtanan movement has apparently reached its 

The engineering profession has much to gain from a 
clearer separation of the intellectual side of second^ 
, ? ts Uc yk° n froarts work of social adjustment. IS 
its own recruitment it wishes students who are 
soundly grounded in the exact sciences, languages 

nfsorvi’ ■ aI + d n Civics ’, aad 316 accust omed to the rigors 

w te v eCtUal work - If - “ d when the fro- 
gram of work now contemplated for the junior college 

can be consolidated with the present second^ 
course md completed by students of intellectual 
tastes and gifts at the age of 18.or 19, the engineering 
colleges will readily accommodate themself to a 
more advanced level of entrance, and a higher deSee 
of Student selection in advance. 8 aegree 

intelllctS a S,o reSUl f ° f segregation of the 

S^ eSeS™ Jir° ndary eduCa ft° n and its 

leadm g up to the more prac¬ 
tical pursuits m business and industry. There is 
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apparently no'need to increase the number of engi¬ 
neering cofieges, but rather to make their standmds 
more exacting and their professional aims mlfeprt 
complement to these colleges, there 

1 k S ble i n . ee ? for techni cal institutes and con- 
tmuation schools m large numbers, with flexible levels 

ktP^ SS1 °? a ? d P ro £ raiJls of work closely re¬ 
lated to particular industries and occupations. 

New Problems for Capitalism 

f ° r 1 moment t0 loader social move- 
ments we may observe that democratic capitalism 

individualistic ideals, is be£g chal- 

k ^ °T n ec ? nomic dilemmas from within 

and by rival systems m actual operation from with 
out. Capitalism rests on the principle that what 
matters most to society is the use a man puts his 

the next generation will need to consume more than 
the present one, and that whatever surplus of wealth 
exists can best be entrusted to persons who will not 

lt t0 a « m“ P ro 
rewards semce “centives are offered and 

p ? d \ In “ era When both the population 

esMdaUv hT tW d ° f livin ,? were rising rapidly and 
especially m the pioneer life of a virgin contin :t 

this principle has been socially fruitf ^through its 

stimulus to individual initiative and thrift. We may 

w^trfulunbai miin i P t 0illt ExaJn P les of a socially 
wasteful unbalance between producing and consum¬ 
ing power have multiplied in the post-war period in 

afikP^ M 6 ' ^cr^Production, and manufacturing 
^ike. Machine technology, with its seemingly limit¬ 
less capacity for increasing production has aooarentlv 
accentuated this loss of eqSihbrium The ?Sas 
been called a dilemma of thrift. The capital and 

prove tab^i* 6 bU iS Up ? n P r °dncing capacity may 

inth tban the b W ng P° wer of society 
1 th6 pr ? ence of forces which tend to 

dimmish the volume of employment available If so 

Sdlrtr^ u ? d ® cult to obtain new outlets 

be forced to distribute a larger propor¬ 
tion of its income in forms that directly augmen t 

Socie^mav’r)? 31 •*’ “ wages and cash divides, 
hoot ma ^ de ® m , rt expedient to limit the plowing 
back pf profits to increase plant capacity. It mav 

Sthv 'f ZT the mec banizi£g Of production^ 

grovSigolfashandT “ Unempl °y able P^tariat 

Engineers Will Need Social Orientation 

th?2 8 i Ilee J S c ? n whose analysis and judgment hang 
the nsks of future investments and plantStensions 
mil have new social forces with which to reckon. 
These new forces will influence not only their more 

SeS reflections, but also the Arithmetic of 
engineering economy as well. The current social 
changes point inevitably to an increasing degree of 

VmhV? 011 ^ 01 .. 111 !. 60011011110 P roce sses. The day is 
^ whem society will wink at socially 
wasteful processes of making money, if only it is 

i? made. The issuers noT 
ne between capitalism and socialism as 
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between society and the individual, between a con¬ 
trolled economy and one based on laissez-faire. The 
engineer of a generation hence will not only have a 
wider range of scientific tools at? his disposal, but he 
will almost certainly be guided by economic premises 
in which broader conceptions of social expediency 
will prevail than in the more individualistic .past. 
He may not be an employee of the state, but he will 
work under a wider range of public regulation. 

The engineer of tomorrow will* be, as he is today, a 
social pragmatist, one who accepts the existing order 
provisionally and works within it, whether it be 
laissez-faire capitalism, Marxian communism, or 
Italian fascism. He will accept any system, as far 
as it works. This attitude is fairly inherent in his 
professional function and duty. If, however, the 
engineer of tomorrow aspires to be a molding force 
within the industrial system, he will need a more 
profound and more critical understanding of eco¬ 
nomic forces and of social values than that which 
sufficed for an era of rugged individualism. Social 
orientation bids fair to rank equally with scientific 
discipline as an essential basis of his training. 

Civilization Must Go On 

The first duty of the engineer in a changing society 
is to keep civilization running. As in the theater, the 
show must go on. If, as some critics urge, science 
and machinery were abandoned and a few hundred 
thousand engineers were to quit for good, the whole 
structure of society would come down around our ears 
and when we pulled ourselves out of the ruins the life 
around us would resemble that of rural Russia under 
the Czars. By keeping society going, the engineer is 
giving evolution a chance to work. 

Guesswork Must Be Stopped 

The fundamental job of the engineer is to take the 
guesswork out of economic life as rapidly as scientific 
knowledge will permit. So far he has succeeded 
brilliantly with process and products, and this success 
is opening new doors. His next job will be to take 
guesswork out of the use of products and resources, 
out of their distribution as well as their production ; 
also to take guesswork out of the use of capital and 
of manpower. The functions bring the engineer into 
more vital contact with what are called, somewhat 
optimistically, the social sciences. Our knowledge of 
man and of social institutions stands today about 
where our knowledge of physics and chemistry stood 
2 centuries ago. Until a better equilibrium between 
technical and social knowledge is built up the safety 
of society demands a type of leadership in industry 
and the technical professions which is highly sensi¬ 
tized on the side of social welfare and ethics. It is 
the business of the engineering profession to supply 
this leadership. We constitute the dominant pro¬ 
fessional group in the industrial world. As a profes¬ 
sion, society has a right to expect of us a certain dis¬ 
interestedness of spirit, a devotion to truth wherever 
it may lead, and a conscious dedication to the good of 
society as a whole. We are expected to have the 
long view and not to live merely from balance sheet to 


balance sheet. We have a tradition of ethical ac¬ 
countability. We stand for the rule of s cie nce rather 
than intuitive guesswork. We are not doctrinaires 
aj^d revolutionaries but have our feet on the ground 
of fact and experience. 

t 

The Engineer’s Social Responsibility 

It is *a significant fact that every revolutionary 
movement in the world of today has tended to aug¬ 
ment rather than narrow the engineer’s sphere of 
social responsibility. This has been true in Russia, 
in Italy, in Spain, and in China. The concern of 
educators, "in view of the present revolutionary out¬ 
look, is not so much to make our graduates more 
proficient in details, whether of technique or of 
management; it is to develop men who are "able to 
deal in a more statesmanlike manner with the major 
economic and social problems of a technological era. 
As the writer sees it, the solution of this problem 
involves more than adding this or th&t to the cur¬ 
riculum or keeping the boys a year or two longer in 
college under the guidance of subject matter special- 
lsts. It involves a more organic conception of the 
whole process of recruitment, training and develop- 
« omut within the profession—one that transcends the 
details of the arbitrary or accidental divisions of 
schooling and apprenticeship, the regulations of the 
licensing boards, and the rules of eligibility for the 
several grades of society membership. # 

It is encouraging to note that the joint movement 
now taking form among our national bodies for a 
scheme of professional certification looks in that 
direction. What is contemplated is a scheme of 
educational guidance that reaches down into the 
secondary school, bridges the college period, and 
covers the early years of professional activity, and 
which has. as its objective a comprehensive appraisal 
of educational attainment at a mature level, as a 
qualifying standard for certification into the profes¬ 
sion'. 

Many college men hope that this broader view, 
with its increased emphasis on further education after 
college, may so relieve the pressure on the under¬ 
graduate curriculum that a more profound grounding 
may be given in both the scientific and the societal 
groups of studies. Replacing this ground work with 
elementary management subjects will not solve the 
problem of a more adequate professional education. 
It may supplement it, and in a very valuable way. 
Courses in preparation for the management of in¬ 
dustry are a legitimate adjunct to professional train¬ 
ing in engineering, but if we are to remain a profes¬ 
sion in the corporate sense and not become merely a - 
fraternity of managers and executives, we must 
maintain the primacy of the sciences and of the 
philosophy of social institutions and relationships. 
We may keep our fellowship open to the administra¬ 
tive as well as the technical worker, but the nucleus 
of the profession must always be an intellectually 
qualified, scientifically grounded, socially intelligent 
body of men) bound by a strong code of ethical 
responsibility and devoted to an ideal of disinterested 
service, rather than the expediency of the next 
balance sheet. 



The Institute and Its Members— 

Our Problems and' Our Responsibilities 


Many points of direct interest and prime 
importance to members of the Institute, in¬ 
dividually and collectively, were discussed 
by President Skinner in the annual address 
before the summer convention. That the 
citf ire membership may benefit accordingly, 
the full text of the address is published 
herewith. -The Editors. 


By 

c. E. SKINNER 

PRESIDENT A.I.E.E. 
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EWtripal AMERICAN Institute of 

Electncal Engineers is the youngest of the 4 

United n ^ nal organizations of the 

States. Its existence closely parallels the 
growth of the electrical industry not only of this 
country, but of the world, and its printed proceedings 
and transactions form the most important existing- 
records of the development of the electrical art and 
mdustey °f th e «,untry. These 

wide field, from the announcement of outstanding- 

^ scie ^ tific discoveries in the electricaf 
art to the commercial appheations of electrical de- 
vices to every possible use in industry and society 
-Me memberslnp of the Institute from a very smaU 

thSTlSOOO 8 |L ha r S , t0 a maximum rf more 
tnan 18,000. The Institute’s open forum for the 

discussion uf problems, the announcements of dis 

ttewoikof T k t 0 V te “ rds committee and 
r * f technical committees have been 

the^c fact< f s + m Phenomenal development of 

trira? p ° f - ele ° tn . C1 ! y t hroughout the nation. Elec¬ 
trical engmeers mterested in every possible 

?/ ^ ^ Ve ^ ven ^eh* time, their energy^ and 

that best efforts to the work of our Institute^’ 

, The presidential addresses of my predecessors 
haye covered an extremely wide range of sS? 
They have dealt with abstruse scientific and technical 
problems. They have dealt with the status rfrtS 
industry at the time the address was 
have dealt with the idealism of the engineer witu 
^eas for recognition of engineer^ as a ' 

with our relations to other engmeerino• P C n5i^-• , 
and with many other subieetc! a ocle ties, 
members of fte SHave 1 

these addresses other than ft,- . studied s 

h?deh‘ faCed 'U? <”mtitution^req ^m^ d gt i 

he deliver an address and who, therefore, is intoertS e 


in wha\ his ‘predecessors have said. Some of the 

ST 6Ve L said bef ore this InstitutTmay be 
lound m these addresses and I despair of being- able 
to hve up to the standards set by them. g 

• ^ time t0 tlme tbe Resident of the United 
attmtion U rf th? r Sage “tended primarily to call the 

S£ ££“ Sin “1 

an do no better than to call the attention of*the 
^stitute s membership to the state of affairs with 

' t W ^r en £ meers ^ confronted. This requires 
that I outline a number of things which rnavTeem 

to be more or less unrelated, but all of which I believe 

fuw nf e T g T°T e prCSent conditi ons and on the 
future of the Institute, and some of which are of 

importance to all engineers. oi 

• 

Acting National Secretary Appointed ' 

ir, 1 ? St i t i! lte ® l ! ffere d a severe loss during the year 
m the death of its national secretary, Mr. F L 

Hutchmson, who had served the Institute with 
ability, loyalty. and unflagging energy for a neriod 

28 a^preciati^ of 

. hutchmson and his work that have been re 

Md bott^r 6 ^ high ° pMoa “ w^he was' 

whom b b? hL , memt * rs and b T others with 
wnom he had come in contact. Some of these 

presaons have appeared in Electrical Engineer¬ 
ing. The Institute’s board of directors has riven 
earnest consideration to the selection of Mr Hutch 

Sion S o U f C ^ S ° r - • It J 0 U S d itself * the fortunate 
secretarv assistant national 

JSTS* a man j^^ar with Institute affairs and 
with the many duties of the office of secretarv 

announced, Mr. Henline has bS 

1932 Mr natl0nal secretary as of June 1, 

' P en,me comes to this position at a 
shir> and b rou Sht about by a decrease in member- 
i *’?S ag out 0f our disturbed eco- 

The situation demands the most 

tostlt. S S m the 1 - C °? duc t of ^ affairs of the 
institute, with very little decrease, if anv in the 

IbSSak the^ re< 3 uired t0 carr y on Institute affairs. 
InsSitfto^Mr S r PPOr to f . every member of the 
positiofi Henline m this new and responsible 


Balancing the Budget 


Institute ^ + surprise to any member of the 
stable 1%. ? e sa . y tbnt there has been a con- 

tecoSe dorir,5 tu ea f e f our membership and in our 
mS.— the last year or two. Many of our 
a a” 1 every other walk of life, are un¬ 
employed and many of these are not in a position 
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to pay their dues to the Institute. There also has 
been a substantial falling off in the revenue from 
advertising in Electrical Engineering. Un¬ 
fortunately, decrease in membership does not auto¬ 
matically decrease in proportion the necessary ex¬ 
pense to serve the remaining membership. Conse¬ 
quently, the executive office, the board of directors, 
and the finance committee have found it necessary 
to make critical studies of every possible economy 
in order to mamtain the service which every member 
has a right to expect from his membership. But, 
in spite of their best efforts, there will be a deficit 
at the end of the current appropriation year, and 
the following year may be still more difficult. For¬ 
tunately, through wise management during the 
past, there is sufficient reserve to meet the present 
deficit. However, a deficit cannot be continued 
indefinitely, and special studies are being made on 
ways and means of balancing our budget. Unlike 
our political friends, we cannot levy additional 
taxes. Consequently, budget balancing must be 
brought about through economies and through 
accessions to our membership. We must provide 
more service to our members, if this be possible, 
and at less cost. 


several positions offered. Today there are but few 
positions available, and many graduates of a few 
years ago are now hunting for jobs. In a recent 
radio address a prominent speaker congratulated 
the graduates of today on facing a time of adv egs ity 
which brings out the very best that there is in nien 
and which will be of inestimable benefit to them in 
their future careers. There are some definite records 
showing* that graduates in times such as these have 
gone further, on the whole, than those of better 
times when positions were easy to secure and easy 
to hold. This should give some comfort, encourage¬ 
ment, and renewed determination to the engineer¬ 
ings graduates of 1931 and 1932. In this connection 
I would like to second the recommendation made 
by a prominent educator, that recent graduates 
who are unable to find positions carry their edftcation 
further, either by specialization in their chosen line 
or in business courses, if such additional schooling 
can be arranged. Such training will be of value in 
whatever field the engineer may find Ifis life’s work. 

The Engineer in Business 


Section and Branch Interest 

During his administrative year your president 
has visited many Sections and Branches of the 
Institute. This has entailed a great amount of 
travel but it is hoped that the time, energy, and 
money have been well spent. It was most hearten¬ 
ing to find in every Section and Branch visited an 
enthusiasm for the Institute and its affairs. An 
attempt was made to place before these far-flung 
units some of the problems of the Institute, par¬ 
ticularly those in which they are vitally concerned. 
Special emphasis was placed on securing the co¬ 
operation and adherence of the younger members of 
our profession, and of the benefits which always 
follow their participation in Institute affairs. The 
arrangement of programs particularly adapted to 
the specific interests and needs of each local group 
was urged. This has been done to a very large 
extent in the past by these groups but no doubt 
even more can be done by careful planning in the 
future. The decentralization of Institute manage¬ 
ment and affairs by giving a large degree of autonomy 
to Districts, Sections, and Branches, makes it de¬ 
sirable that national officers of the Institute visit 
them from time to time. It has been an inspira¬ 
tion to your president to meet with the outstanding 
groups of engineers that compose these units scat¬ 
tered throughout the United States, Canada, and 
Mexico. I found no greater enthusiasm for, or 
loyalty To, the Institute than in the 2 Sections 
visited in Canada and the one in Mexico. 

The committee on education has given loyal 
service to the Institute during the year and has been 
doing what it can to aid at this time when so many 
of the graduates of the electrical engineering depart¬ 
ments of colleges and universities find it difficult, 
if not impossible, to secure employment. A very 

few years ago graduates could select any one of 

- * - 
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During recent years undue emphasis perhaps has 
-been placed on the desirability of a business career 
for engineers. This undoubtedly has resulted from 
observation of the outstanding successes of many 
high executives who are engineering graduates and 
who have had engineering experience. In spite of 
what will be said later in regard to the engineer 
taking his place in the councils of his community, 
the state, and the nation, which more or less pre¬ 
supposes training on broad cultural and business 
lines as well as in engineering, it is hoped that too 
much emphasis will not be placed by educators and 
others on a business career for engineers. The future 
undoubtedly will require for research, design, and 
construction, many highly technically trained engi¬ 
neers, who will find enduring satisfaction in work 
of this kind. Certainly some business training 
should be no handicap to the engineer, regardless 
of what his life work may be. In the future as in 
the past, men of engineering training undoubtedly 
will find high places in business a dminis tration, but 
also there will be outstanding careers for men who 
devote their lives to the more or less strictly technical 
side of engineering. 

I would like to record here a specific recommenda¬ 
tion which I have made to the chairman of the com¬ 
mittee on education. This suggestion is that out¬ 
standing papers by students be repeated at other 
institutions when 2 or more Branches are within 
relatively easy travel distance of each other. Among 
the more than 1,000 talks and papers given by 
students during the year there are many that justify 
delivery before wider spread audiences and this 
would be accomplished by the adoption of .the 
suggested plan. Such a plan should be a stimulus 
to authors and give those who are so fortunate as 
to be selected an invaluable experience, not only in 
writing and delivering papers, but also in meeting 
the criticisms and suggestions which undoubtedly 
would come from the delivery of such papers to 
groups in rival institutions. 
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Publication Policy 


•t 1 > 0 / ears ag0 the publication committee of the 
Institute concluded a searching inquby ^to the 

question of our publications. As a result of this 
inquiry and recommendations coming out of it a 
ty. considerably modified policy was adooted 
particularly with regard to om monthly pubhXton 

months^' E i ECTRI c CAL Engineering? how ?g 
parts of the n e^^ eW 1“ my visits *0 various 

praise lr thk n.^7 ?> Ve beard a great deal of 
dSfs Th«l pobhcation and extremely few criti- 
C1 f ms - These criticisms come mainly from those 

corLe iSf^e^T^ . E ”rfNO should 
onnne itsell strictly to technical matters and nnt* 

n Cl h commerciaI °r so-called popular material 
shi? of toeVTt : mbered, however, that the member- 
pup of the Institute embraces individuals interested 

“ e J e Y r SlWe of the Metrical art, froSftte 
most abstruse mathematical conceptions to the most 

common applications of equipment and devices in 
our daily life. Catering to this widely spread totaeS 
^ no easy matter, but I feel personallv tSt the 
editors °f Electrical Engineering in cooperation 
with the pubhcation committee have attained an 
enviable success with our national 

have constantly improved it. It may bl of interest * 
to our member to know that durinj the pastXS 
we have prmted more than 1,000 pages of textmatier 
. -^lectrical Engineering or in nnr montiii 

paglrfor 23 ^ 00011 ' 65 ’ a T t0tal °' fm ° re ttan 24 , 000,000 
p ges for the year. In our Transactions we 

editk? noi?" 1 -’ 70 ° pages of text “alter in an 
qnnnnm 5 ’-°“, copies ’ or a total of approximately 
9 OOO.QOO printed pages. This compares very favor 

ly with the amount of literature put ou?bv the 
other national engineering societies. Also our ex 

re??? re f?m PU d bl ' Cati0nS P^ member and per dollar 
received trom dues is very well in linn +t. 

equivalent expenditure bylhe other softies 6 


pre^nt desirable to accomplish at the 

as oossibirfro™ N Pr °- CUre 38 T ch source material 
as possible from the pioneers who were a nnrt nf 

tSf rincfti? dra * a 0f ^eetridty. It ^suggested 
that since the semi-centennial of the foundmg of 

the Institute occurs in 1934 it would te fitting 

and appropriate to have historical papers on thf 

subject available by that time. I would like to urge 

those who are m position to do so to undertake the 

wntag of such papers dealing with the specific phase 

fL w S “p J r Which each person is most 

iamiliar. Even a few pages of facts would be nf 

Institute °a^d^he° fi?* 8 ’ fTif T 1 RANSACTIONS of the 
institute and the files of the electrical trade ores*! 

~auh?d?n to 0f the * ech . nicaI material that will be 

have to Zn? C ° nstructl °n of the history which I 

little of thp h'„m^ 0 ^ e r r ’ yese papers contain but 
“7*” * , human-interest stories which would go 

make a history really readable. They 

toaJand °{^ e ^ and as P ir ations, the 

toddent to ’ ^^Personalities and rivalries • 
m fittL l 4 . 6arly strug g les - Very few of us 
wo,,ld lhJA WTIte a story in finished form as we 
™jl d y e see it appear, but there are few who 
could not put down to simple language that part of 

fitvyzry which each is familiafand wtoch to 
filed with the Institute, would become of inestimable 
e in later years for the “Prescott 1 ' or “Motlev 11 
who becomes toe eventual historian of the re of 

, t ,rL to CtnCa i- mdu ? try - 1 would like, therefore to 
urge the writing of as many biographies and auto 

aS P tlidd P °u ibl ? t P hesemay ^ 

would indeed he greatty enriched by hlw lch 

documents m the archives of the A T T? tt ocl ^ 
material rWc+„ 1 z r e as source 

“f? 1 ,. Outstanding examples of such documents 

m tohnSwff !, ° f Dr - J°fin A. BrasheT aS 
T amm e Sweet ’ autobiography of Mr. B. G. 


History Should Be Written Now 

At'toe 1932 winter convention to New York T 

suggested that possibly the time had come to consider 

toteY 1 ? 1 ^ °i a c ? m prehensive history of toe Insti- 

reemdto to el t ectncal “gmeertog, particularly with 
regard to the formative years of the industry Ttiic 

suggestion has evoked considerable interest and as 

f r; eral commun ications and suggestions 
the board of directors authorized the appoSment of 
a special committee to consider this subiert an A 

P ♦ A preliminary statement now in the ha«rio 

committee would he ? I quite sure th « 
here. NatruX the to* me ““PWe 

prehensive history is a large ™ tmga really com- 
would reeiii+ ii a .£ e one an( f undoubtedly 

on toe ^e“ TheTXl? 1? “^opedil 
ujecr. me committee beheves that one 
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American Engineering Council 

P revi °us presidential addresses have 
stressed the responsibility of the engineer as a citizen 
and the desmabiHty of engineers bri^g to bear on 

rie??ha“tem C a d a 5 airS the training aad P°“t of 
- 1 ade en ^ e ^rs so successful in their 
wn fields m the past. Certainly at no time in our 

?S 0I ji aS t ? lear honest fact fintong cor- 

- f ™ mth . ese facts . aad unbiased 

2atm^y ?? baS6d . tbereon been 80 necessary 
toe w?o *' 0ar fmazmg material progress during 
toe last 50 years is due to large measure to the work 

Whatever toe* causes that have re 
suited in the present conditions, there seems to be 

rtT? fed y gthat relief must come through 
0f - % engineering method? S 

^1Stitie^ e w n? . 9 0l y“ 1 ' of which toe Ameri- 

Engineers is one of the 

riS?r,wL?T b ^; f “ m ®ny years has been en- 
^eavonng to help and guide in those larger problems 

limitation of asySS 

endelvnrin?^^ 1118 Council has been 

endeavoring to give unbiased, constructive advice 

in national which directly affect all engineers. 

Electrical Engineering 



1 




Outstanding studies by Council that have been com¬ 
pleted, include “Waste in Industry,” “The Relation 
of Safety to Production,” and other studies. The 
most important study yet undertaken is now under 
consideration, namely, “The Balancing of Produc¬ 
tion, Consumption, and Distribution in Industry” 
It is expected that Council will divide this project 
into several units and, with the best talent that can 
be obtained in engineering circles cooperating with 
other interested agencies, undertake -to arrive at 
definite conclusions in regard to some of the questions 
which have so disturbed the country, and even the 
world during these depression years. The Institute 
through its adherence to the American Engineering 
Council and to the Engineering Foundation is a 
party to and a supporter of this very great and 
worthy enterprise. It is hoped that the fact-finding 
method of the engineer, working with others in- 
teiested, will result in the accumulation of sufficient 
real data on which economists, business men, and 
. government agencies may base future action to 
prevent unduly wide fluctuations in the business 
cycles of the years to come. 

. The . American Engineering Council has been 
fostering the organization of state councils along 
the same general lines as the organization of the 
American Engineering Council with the object in 
view of having such councils take part in state and 
local affairs in a manner similar to that of the Ameri¬ 
can Engineering Council in national affairs. Such 
councils already have been organized in several 
states and your president, in his visits to various parts 
of the country, has been strongly urging the organiza¬ 
tion of these state councils. It is especially desirable 
at this time that such local councils study and en¬ 
deavor to guide such state and municipal legislation 
as affects engineers and engineering, particularly as 
the cost of government in so many lines has been 
mounting by leaps and bounds with many projects 
proposed that are either unsound or unn ecessary. 
Certainly no one is more competent to advise on 
engineering matters than are engineers themselves, 
and their advice will have weight if and when they 
are organized and when they advance arguments and 
opinions from the unbiased result of fact finding 
and not colored by self-interest. It is believed that 
engineers as a body are perhaps in a better position 
through their training and experience to divorce 
themselves from such self-interest than any other 
class of citizens. 

Advice During Financing of Projects 

During the boom years preceding the crash of 1929, 
many securities were sold to the public covering 
projects some of which had been condemned' as un¬ 
sound by prominent and reputable engineers. There 
were perhaps more of these projects in which such 
engineering advice was neither asked nor desired. 
Perhaps it may be admitted that some projects 
passed upon by engineers have proved to be un¬ 
sound, but it is quite certain that sound engineering 
advice even during the boom days, if arranged for 
and followed, would have saved our citizens many 
millions of dollars now tied tip in more or less ivorth- 
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less paper. The American Institute of Consulting 
Engineers for several years has been endeavo rin g to 
have investment bankers of the country secure ad- ** 
vige from reputable independent engineers on proj- • 
ects being financed. This seems particularly de¬ 
sirable in connection with those projects for con¬ 
struction work in foreign countries financed by bond 
issues floated in this country. We are told that this 
practise* has been generally followed by British 
financiers in making foreign loans; not only do they 
secure preliminary surveys and advice, but they 
usually have a definite follow-up after the loan is 
made to insure that the money so loaned is efficiently 
used for the project for which the loan was made 
hud that the project is properly administered during 
the life, of the loan. The wisdom of fh-fc recom¬ 
mendation seems so obvious .that its desirability 
should not be questioned. Its omission has been 
disastrous to many who purchased such securities. 
While electrical engineers perhaps are less involved 
m matters of this kind than some others, yet un¬ 
doubtedly electrical engineers have been and will 
be called upon for such surveys and it should be 
increasingly the practise of every investor to rnal™> 
sure that engineering and construction projects be 
.,so reported on and approved by independent 
engineers of the highest reputation for honesty and 
good judgment, before such investments are made. 

There is a more, or less constantly increasing num¬ 
ber of states passing laws requiring the registration 
of engineers who practise within the commonwealth. 

This registration usually is required of engineers who 
undertake work in which the public health or safety 
in any way is involved. In my visits to various 
Sections, I have urged, and I again wish to emphasize, 
the. importance of state engineering councils‘seeing 
to it that, so far as possible, proposed legislation 
for the registration of engineers be uniform, reason¬ 
able, and satisfactory to all parties at interest. 

This can be done only in cooperation with other 
national and state agencies when such legislation is 
under consideration. 

Governmental Problems ’ 

The past few years have seen an enormous in¬ 
crease in the cost of government—national, state, 
and municipal. A vary large proportion of the taxes 
collected for this expenditure is levied on organiza¬ 
tions, facilities, and products with which engineers 
have had much to do. As these tax burdens become 
more and more onerous, engineers, along with all 
other citizens, have an increasing responsibility in 
endeavoring to see that taxes are reasonable and tha t 
monies so collected are efficiently spent. For many 
years engineers have been endeavoring to secure in 
the national government the consolidation of public 
works of various kinds now carried on by many un¬ 
related and uncoordinated groups. The American 
Engineering Council has urged consistently the 
legislation necessary to accomplish this purpose. 

As Secretary of Commerce, Mr. Hoover strongly 
advocated the consolidation of such work under the 
direction of a highly qualified executive. As Presi- 
dent he has repeated this recommendation in a 
* ’ • * . ~ * * • 
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message to the Congress, and there is some hope that 
legislation soon will be enacted that will attain at 
.least a part of the objectives so long advocated by- 
engineers. The lack of such coordination un¬ 
doubtedly has cost us much money, and has had its 
influence on the* increased taxes which have been 
levied from time to time. Also, we are only too 
familiar with waste and extravagance, and even 
more serious problems involved in the handling of 
public works. *1 believe that organized engineers 
can do* much to better conditions in those places 
where there is inefficiency, lack of coordination, 
and wasteful extravagance. They should join also 
with their fellow citizens in demanding honest ad¬ 
ministration under efficient leadership in all the* 
affairs of those who govern us, and particularly those 
who arfc responsible for expenditures in which engi¬ 
neering has a part. 

I have wandered, perhaps, rather far afield from 
the special interests of the American Institute of 


Electrical Engineers and its members, but I wish 
to emphasize as strongly as I can the point that 
electrical engineers—indeed all engineers—have in 
addition to the loydlty which is, due their national 
organizations: a responsibility to their fellows, to 
the state,. and to the nation. These responsibilities 
can be discharged only by engineers taking an in¬ 
telligent and active part in all those affairs which 
affect tjiem and their fellow citizens. The electrical 
industry in the past has had an outstanding part in 
Prosperity of this nation, giving its citizens 
faculties, comforts, and conveniences, such as 
never before had been known in any time or in any 
land. 

spite of the many difficulties and inefficiencies 
vrhich surround us, we live in the finest country in 
tm world. I am optimistic that we will be able to 
follow the example set us by our fathers and go 
forward to better government, higher ideals, better 
living conditions, and equal opportunities for all. 


Educational Aspects 
of Engineering and Management 


By R. E. DOHERTy 

MEMBER. A.I.E.E. 


Yale University 
New Haven, Conn. 
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. JilE GENERAL SUBJECT of enri- 

neenng education has had searching and extensive 
study during the past fifteen years. Thus there nnw 
exists a prodigious mass of material in all stages from 

™t£t ?arefUl i y tt ° U S ht 

to S a Xnal 0?e - attempts ' b y casual study 

ss 

writeV S s«^rience COme ^ At least *“» the 

A careful study therefore was undertaken «, 
new facts, their historical setting aidof th» 1 ^ 
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In view of clear trends of experience—of 
the movement of engineers into manage¬ 
ment—shall we conclude that technical 
engineering has proved to be an effective 
and sufficient training at college for those 
who may later enter the field of manage- 
nient. ^ Or, shall we consider it necessary 
to modify radically all engineering curricula 
m order to prepare men primarily for 
management? Or, again, and from the 
same experience, shall we plan separately 

U U.L ^ nd : h i vins "“"wed this, what 
should the plan be? 

forger management 

than technical engineering ^ThitZ matter 

nized in the present stad^' Th posslMlt y B rec °g- 
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trical, and possibly to most other engineering gradu¬ 
ates, are as follows: 


1. About one-half of all such engineerir^j graduates by the timo 
they have reached 40 years of age, have gone into industrial work 

equafgroupsT UtlVe “ character ‘ These indu de two approximately 

S ' "*** * 

b. Those whose duties have not required such knowledge. 

2. Only about one-quarter of electrical and mechanical engineering- 
graduates have remained past 40 years of age in purely 
engineering work, involving practically no executive responsibility. 

3. The rest, or roughly one-quarter, have gone ultimately into 
SurStTpeopt 1 ^’ SeUmg ’ *«»***- of which involve 

w«*w )Se Wh0 i l* a 7 e gone int , 0 work involving executive responsi- 
Mity 1) ha 7 e ’ 011 the whole, received greater financial 

respomibtlity gr ° Up 2) whose work has not involved such 

5. Those in general management (group lb) whose duties have 
rtf 1 t n V re y a 4 mi ? lstra * ve and practically non-technical hive, on 
group 06 ’ recelved much greater financial reward than any other 

Three extremely important facts of general knowl¬ 
edge might be added: 

6. Practically all college graduates, whether engineers or not that 
have become successful in management have learned all they’have 
J^fown about it in practise. Formal college training in management, 
in tiie general sense, has existed only during recent years, and in 
only a few institutions. But it is steadily increasing. 

7. Practically all engineering graduates, whether they have gone 

into some form of management or not, have encountered those 
human relations which are inevitable in the cooperative enterprises 
m which engineers engage. ^ 

8. The great technological progress of the last half-century has 
been'based, first, upon the extension of scientific knowledge by 
scientists; second, upon the careful and rational application of this 
knowledge to the solution of practical problems by engineers: and 

VrJfr organization by those in management of capital! 
physical facilities, and men for production and distribution. 

In Retrospect 

Industrial management and engineering are twin 
brothers; they have developed together. During 
this development, both industrial management and 
engineering naturally experienced a correspondingly 
extensive metamorphosis. The range in responsi¬ 
bility and in requisite talent, ability, and knowledge 
was multiplied a thousand fold. This extension of 
industry was upward, fan-like. The small factories 
and machine shops continued, but there was iso 
tremendous growth both in size of organizations and 
m range of products in the expanding industries. 
This two-way growth necessarily demanded not only 
a commensurate increase in level of ability to handle 
the more complex management problems, but also a 
corresponding increase in technical knowledge and 
skill. In this expanding industry, including even 
those branches of non-technical character, the,prob- 
lems of both management and engineering called for 
less and less guesswork, and more and more rational 
treatment. 

Under these conditions of growth there happened 
the thing which might have been expected. Prac¬ 
tically all the conditions were favorable for the engi-« 
neer to be called to management positions. He was 
geographically on the job; his (hstinguishing char¬ 
acter sties a scientific attitude of mind and method 
of approach^—were among the foremost requisites; 
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and, moreover, he was vitally interested because he 
not only understood the processes and the products, 
they were his creations! Hence by normal growth 
ana evolution many engineers have come into ad¬ 
ministrative positions. 

What has been the past relation of education to 
management? To "what extent has engineering 
training been appropriate and adequate for manage¬ 
ment; to what extent, essential? Formal college 
i aining in industrial management is of recent origin, 
and hence has had very little, if any, influence in 
determining the present personnel in management. 
However, the character of engineering education un¬ 
doubtedly has influenced it; how much, relative to 
the influence of other existing forms of education, is 
not altogether clear. How appropriate engineering 
t! , 3 k eea f° r those management positions for 

which technical knowledge per se has not been a 
requisite, either directly or as a stepping stone, is 
largely a matter of opinion. Only this is certain: to 
the extent to which a quantitative method and a 
scientific attitude and approach are requisite or de¬ 
sirable in management, engineering training is highly 
appropriate. 

In relatively recent years there has been a gro wing 1 
'‘recognition, in the educational policy of engineering 
colleges, of the all-pervading fact that the majority 
of engineering graduates have gravitated, ultimately 
to some form of management. This recognition 
largely has taken the form of adding appropriate 
electives to the regular engineering curriculum, and 
in setting up new courses under such headings as 
industrial engineering, engineering administration, 
etc., in which the essential core has been engineering. 

there also has been a rapidly gro wing philoso¬ 
phy which would not recognize the essentiality of 
technical engineering subject matter in college prepa¬ 
ration for general industrial management. It holds 
that a scientific attitude and rational method of 
analysis, which are recognized both hs essential and 
as characteristic of engineers who have succeeded in 
management, can be developed on some subject 
matter other than engineering. This general idea 
has not yet taken full-fledged practical form, to the 
water’s Imowledge, unless some of the b usin ess ad¬ 
ministration courses are so regarded; but it is being 
reflected in the gradual deletion of technical engi¬ 
neering matter from such courses as mentioned above, 
and the substitution of general management studies. 

So the presumably more direct and certainly less 
exacting college approach to management gradually 
is being set up. 

The financial reward for technical leadership has 
been less than that for general managerial leadership 
According to the statistics, the man who has been 
a ~k “ton” things—to coordinate human activities 

effectively and to judge soundly—toward definite 
objectives has been valued more highly by leading 
executives than the man whose natural talents have 
been in a technical vein. Moreover, according to the 
facts, even those who could manage men and thing s 
in te chni cal activity have received less 
ward than those in “general” management, in which 
technical engineering knowledge per se is either not 
essential or altogether secondary. Going still fur- 
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ther, those who have remained in purely technical 

rZt ^i ” 0 T Ut A Ve ^poisibiuty have beenthe 
. most poorly paid. On the face of it, then, it would 

KJ ® 1 “ s . on f fundamental way, mere assotia- 

sStZiiso 3 reiegates ° ne to a iow - 

However, that it has been so in the past should not 
be accepted as the establishment of an et“Z 
Random play of tremendous forces out of equilibrium 
have been the order of the day and we must be wary 
m drawing conclusions from experience of such a 
SSSSf- • Nevertheless the clear implication is tha? 

a Wr ? ng * tec bmcal engineering leadership 
has played too important a part in the past and ob¬ 
viously will be too much needed in the future to be 
overlooked now and smothered into insig nificance 
under our intense enthusiasm for industrialmanage- 
ment, which It largely created. It is not a question 
“fjely Saving such leadership its due; siiply we 
should be stppid trustees, indeed, to the next gyra¬ 
tion if we created a problem for it by letting the 
present trend slip ahead unabated, Om first prob- 
ton m this connection is to try to understand th e P past 
rmnVwU 14 ““““Plf* “ougb. but a thoughtful 
ruZngZouS “ 1 there ' arati ° nal “ 

Supply and demand, as it relates to the present 
subject, seems to be one such thread. In the rnad 

tb f e ha f been a greater relative scarcity 
of managers, for whom no formal college training 
faculties had existed, than for technical leaders fo? 
whom such facilities had been abundant. But scar- 
01 ^° r . that + reason » & should be observed, was only an 
was not a scarcity of “ 

Jf ^ Uch of best brains turned to management 
and, moreover, if there yet continued to be a scarcitv 
ability, it is not at ah surpnW that 
this should be reflected in financial reward. By and I 
large, if those Who entered management could do the i 
technical work the others were doing and were also 1 

a En?irippr 113 ^ 11 ^’ Were th .ey not more valuable? c 
Engineers who have rpmaitioii Itl A _ 1 . • 4 


so of scientists and engineers who are identified’bv 
creative achievement. They are the ones who cansee 
through the technical mists which blind most of us* 

method TC de i he 5 adicaU y new concepts and 
methods, whether they be new forms of machines or 

structures, new ways of building these, or new princi¬ 
ples and methods of predicting performance. These 
things are absolutely indispensable to technological 
progress m the same sense that the products of orea- 
tive, professional leadership in management are 
absolutely indispensable. One whose h“ d i s a 
fountain of creative ideas is thus a technical leader 
even if he cannot himself do much toward puttiS 
them into practical or material form. If he Sm hf 
is simply that much more valuable as a leader The 
one qiidity rounds out and supplements the other 

Pred0m “ ate “ equally valuabk men— 
valuable as measured m terms of achieved results 
Both functions are professional in character and are 

forefed r f 1 reI fr to each other; andtCe 

lore should be regarded more nearly on the s ame ' 
{££ 50 far “ rew ard is concerned than they Ce 

However, there is a very definite, favorable trend in 
policy about these matters in some of the large indus 
toes, even rf this is not reflected in the surveys • so 

i^g r ieadZhin a kT t ! lat . creative - technical enjffieer- 
Statc h beginning to approach its proper 
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““-selves in the direction of present 

SZiteTn^ to Iead ‘0 certahlfairly 
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obvious aspects of sdiceS 
will unquestionably become, in incre^ng measme 

feadS h SCi f ntistS and engineZ ® “ai 
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than they are now to see across the boundaries. We 
all have taken hold of the technological bull’s tail, 
and it is too late to let go; instead we’ve got to plan 
pretty quickly how to guide this brainless, powerful 
brute toward a rational objective, or he will presently 
distribute us prostrate over the terrain. 

Another indication is that the s am e forces which 
have moved engineers into management will continue 
to do so, in a somewhat modified form, in the,future. 
In the first place it will probably be modified' by the 
influx of a new group which has not existed during the 
past growth of industry, namely, college graduates 
who have had formal training in the fundamentals of 
general management, but who have had little, if any, 
technical engineering training. In the second place, 
there will be the graduates of those existing courses 
which, although still designated—in most cases 
properly so—as “engineering” are intended primarily 
as fundamental preparation for industrial manage¬ 
ment. Such management courses should retain 
those elements which engender the method and atti- • 
tude that have been characteristic of engineers, and 
which presumably have been the keynote of their 
success in management. 

The tremendously wide range in types of industry 
surely affords openings in management for men of all. 
degrees of technical training. Even in the most tech¬ 
nical industries there are many administrative posi¬ 
tions which require only a very limited technical 
knowledge; and the higher one looks in the organiza¬ 
tion, the more this seems to be so. Hence, if the 
colleges do a good job, it seems practically certain 
that within another generation graduates of engineer¬ 
ing-management and other less technical courses will 
figure heavily in industrial management. 

However, there is one point to be kept in mind. 
There should be at least some individuals in the high 
levels of general management who have an under¬ 
standing and appreciation of technical matters and 
a sympathetic interest in research. These can come 
most effectively from former technical leaders. The 
half-informed business executive who disparagingly 
avers that he can get all the engineers he needs at $40 
per week, or who naively believes that creative proc¬ 
esses can be put on a mass production basis, is a 
misfit in modern industry. 

What is the future for technical engineering gradu¬ 
ates? Are they doomed? Not at all. On the con¬ 
trary, their estate should become as attractive as 
any, if industry and the colleges adopt wise policies. 
Two important phases of management indubitably 
will be reserved almost exclusively for them, and all 
other fields will be open to them just as they have 
been in the past, except that the competition will be 
more keen. One reserved field is technical adminis¬ 
tration, which has always served as a stepping stone 
to higher levels. The other, and altogether foremost, 
is the creative, professional guidance and administra¬ 
tion of technical and scientific progress. In this 
latter field also will be those technical and scientific 
leaders who may not be capable of management in i£s 
strict sense. These fields afford broad and extensive 
professional opportunities for technical engineering 
graduates ; and adding to these fields the opportunity 
as in the past, to enter any other phase of manage¬ 


ment, the future possibilities for such graduates can 
be highly promising. 

Future Policy 

Educational policy cannot logically be separated 
from industrial policy; there are too many respects in 
which they are tied together. Most engineering 
graduates enter industry of one form or another, 
hence engineering colleges always have taken into 
account the requirements of the industrial job. 
When industry wanted graduates who were “practi¬ 
cal,” the colleges built workshops and tried to make 
,their courses practical; when it changed its mind and 
insisted rather upon more “fundamentals,” they 
gradually swung in this direction; and when it put 
large numbers of engineers into management, they 
worked out courses which would be preparatory to 
management. Thus any rational educational policy 
must give appropriate recognition to this interlocking 
of interests between the industries and Colleges. 

Moreover, an educational policy surely would be 
inadequate that did not recognize the often expressed 
hope that the engineer might sooner or later take an 
active interest in those unsolved, complex social and 
. economic problems which his technology has largely 
created. What should that recognition be? Sod- 
oiogy, industrial history, and more economics? Un¬ 
doubtedly this would be valuable to the engineer if he 
later took such an active interest, but those engineer¬ 
ing graduates who have gone into business, banking, 
management, etc., have not done so because they 
have studied such subjects in college; forces of cir¬ 
cumstance and, above all, a special type of qualifica¬ 
tion have combined to move them there. „ In all 
probability if the engineer ever takes an effective 
hand in the solution of such sodal problems, it will 
not be because he studied subjects relating to thpm 
as a major part of his curriculum; for if he did, he 
wouldn’t be an engineer, by definition. 

There is an unfortunate and illogical tendency to 
classify as engineering almost everything that is done 
thoughtfully. The two most distinguishing charac¬ 
teristics of engineers are straight th inkin g andean un¬ 
qualified respect for facts. There seems to be a 
growing tendency in engineering circles to assume 
that these characteristics are inherently present in 
engineers and inherently absent in others; that other 
professional activities—general management, busi¬ 
ness, finance, etc.—become engineering when they 
are thoughtfully done;. and that engineering training 
is the only sound educational basis for such activities. 
However, a statement probably much nearer the 
truth is that, although the definite laws and data of 
engineering are favorable to the development of such 
characteristics, nevertheless engineers develop these 
to a high degree simply because otherwise they can¬ 
not endure professionally. The necessity of develop¬ 
ing fully such characteristics has been less pressing in 
other professions. Perhaps the latter may learn 
something from engineering. If so, good. But let 
us keep engineering as engineering, and not try to 
stretch its curriculum over the whole domain. 

Some general observations should be stated now 
regarding college educational process, as the writer 
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matter of the social and economic stem, so that this' will have a vital 
growth after graduation. For illustration, take human relations in 
industry. Can you teach in undergraduate courses the professional 
technique of personnel management, or the art of getting along with 
associates? It would seem to be quite hope4ess. But you can intro¬ 
duce the student to fundamentals, and exercise his analytical powers 
on actual personnel problems—all with the idea of developing a pur¬ 
poseful and enduring interest. 

The cultural stem should presumably be the same as that for the 
engineering group. * 

Summary 

* 

During the development of industry, engineering 
and industrial management have evolved together. 
Certain phases of management, as the writer views it, 
have actually been a part of engineering; others have 
not. The direct administration of te chni cal engi¬ 
neering activities is engineering in the same sense that 
the administration of personnel and procedure in a 
legal matter is law. However, we should not become 
confused; the further movement of engineers from 
such technical management to general management 
' has not made the latter become engineering, any more 
than the movement of numerous lawyers also into 
general gjanagement has made it become law. It is 
still general management. Engineering and man¬ 
agement are thus closely related, but all management 
is not engineering. 

Looking to the past, the facts are that more than a 
quarter of engineering graduates have gone into 
general management; a quarter have remained in 
technical management, which is engineering; a quar¬ 
ter, in purely technical activity; and the rest in sales, 
consulting, teaching, etc. Those who have gone into 
general management have received the greatest finan¬ 
cial reward; those who have remained in purely tech¬ 
nical activity, the least. 

Looking to the future, it appears that technical 
engineering graduates will have the same opportunity 
as in the past for movement into such positions, ex¬ 
cepting that they will be in competition with gradu¬ 
ates of courses designed as fundamental preparation 
for executive positions. There is a very real danger 
that both the prospect of a greater financial reward 
and the less exacting nature of these presumably 
more direct' courses in preparation for management 
will cause many who are naturally qualified for such 
work and who will be needed for technical leadership 
in the next generation to turn from technical engi¬ 
neering courses. The problem of financial reward is 
one which the college cannot solve; industry must do 
it, not alone to give creative technical leadership its 
due, but, in industry’s own interest, to prevent the 
source of technological progress from drying up: 

For the purpose of defining educational policy, the 
students who fall within the scope of our subject can 
be broken down into four divisions: a sub-professional 
group, and three professional groups, namely,'engi¬ 
neering, engineering-management , and general manage¬ 
ment. The educational program for the sub-profes- 
sionai group should be that of the technical institute. 

It should recognize primarily the first three phases of 
educational process—the acquisition of factual and 
definitive knowledge ; the development of technique" 
in manipulation and procedure; and the understand¬ 
ing of basic theory. The programs for the profes¬ 
sional groups should recognize all five phases, and 
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should emphasize particularly the last two —viz., the 
exercise of analytical and pioneering powers; and the 
development of primary educational stems, and of the •* 
power and desire to extend and expand them after * 
graduation. It is around these stems that the resists 
of purposeful study and experience frill be structur¬ 
ally articulated. The professional’groups, it seems, 
should all have the same three stems: (1) cultural, 

(2) social* and economic, and (3) technical. Merely 
the emphasis would be appropriately different. 

The present inability completely to classify all stu¬ 
dents according to natural aptitudes should not dis¬ 
courage us. Such a classification is now possible to a 
limited degree. In any case a division is made; boys 
actually do choose to be engineers, lawyers, managers, 
etc., and college courses are set up to train them. A 
rational solution of the educational problem, it seems, 
can be approached only as we learn progressively to 
sift out types during the lower educational stages, and 
somehow help the individuals to find their way into 
activities along the lines of their naturaFaptitudes. 

In a summary word, let us recognize the necessity 
of providing appropriate educational preparation for 
industrial management; but in our enthusiasm for 
this, let us not misinterpret past experience and thus 
fail to recognize another equal necessity; we must 
also provide both an appropriate educational prepa¬ 
ration and a promising outlook for technical engineer¬ 
ing leadership. Its contributions to technological 
progress surely bespeak a greater recognition £han it 
has had. But mere justice is not the point here. It 
is a question whether, by a stupid perversion of em¬ 
phasis now, we shall encumber the next industrial 
generation with the problem of a dried-up source of 
technical engineering leadership. Wide publicity of 
the new facts regarding attractive salaries in manage¬ 
ment, and the continued establishment—proper as 
this may be—of less exacting courses leading to man¬ 
agement, will, it seems, inevitably discourage the 
more capable men from choosing technical engineer¬ 
ing courses. The solution is not to suppress the facts 
or to discourage management courses, but for indus¬ 
try to recognize the situation, as some are beg inning 
to do, and appropriately reward technical engineering 
leadership; in other words, to make such leadership a 
worthy and promising goal on its own score, and not 
merely as an entree to general management. 
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Conductor Vibration o 

.'Transmission Lines—1 


Laboratory tests reveal some interestins'char- 
acteristics of conductor vibration and its 
effect upon conductor Ijfe; common hard¬ 
ware accessories, and less-common vibra¬ 
tion dampers, are shown to have'marked 
effects. Mathematical analyses of the 
stresses in standard sizes of conductors as 
commonly used for electric power trans¬ 
mission lines check closely with these stresses 
as measured. Field experiments in conduc¬ 
tor vibration will be treated in another 
article which will appear in a subsequent 
issue of ELECTRICAL ENGINEERING. 


• R. A. MONROE 
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F 

r ,- ~ . , FAILURE of conductor strands from 

seSSteTrf** 1 b L Vibra . tion has occurred in widely 
separated places throughout the world. Although 

but a small percentage of the total mileage has been 

affected, a study of the nature of the phenomenon 

and means of' combating it is warranted 

SnS d fensi :able '- irres P e ? tive of material,' span 
eogth, tension, size, or character of supports will 

vibrate under certain conditions. Tlds nataS. 

p enomenon always has occurred, but only in 

recent years has it been recognized as the cause of 

I 

Zraulfb4 

^luded in e^p^b^X: 

first (“Notes on the Vibration 

wmmrn- 
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EssenbaUy full text of the w ZT-- II 

Trausmisstim tines" (No. of dver head 

pievelaad, Ohio, June 20 - 24 ,1932. A.I.E.E. sununer'cohvention, 


work conduefed by Aluminum Company of America 
l since tiie publication of Varney’s papers. It is 
plamied to treat the field work in a subsequent article. 

The problem of eliminating vibration troubles 
2! es th( : consideration of several factors. Deter¬ 
mining of* 111636 faCt ° rS demands a better under- 

ioncSSons^ 81 StreSS6S occurrin « * th * conductors under field 

2. The fatigue or endurance limits of the conductor materials. 

3. The effects of various types of conductor accessories. 

^nS5 C viSitSn anS f ° r miDimizing the effects or preventing, 

tbe £ e considerations in mind many laboratory 
Cam - ed 0Ut durin 2 the 7 year? 
geld T qUlt ? c ° m P ar able to those in the 

eld. While this work by no means is completed 

so much progress has been made that the results 

engSeers. Sh ° U d ° f great “ terest to transmission 

In the vibration laboratory of the Aluminum" 
Company at Massena, N. Y„ large concreteSem 

mav’be'tfSld 0 ^ at J 3 difff f ent s Pans of conductors 
may be tested sunultaneously. The nominal length 

to 2nnno f m “ e T™ is - 120 ft Total tensionsup 
to 20,000 lb. can be maintained on each specimen 

bnn^tP ° f Tfor levers and weights. In addi- 
, thes ?’ 4 50-ft. spans are available for tests 

gmSl small stranded conductors. A 

general view of 1 wing of the laboratory, Fig l 

9 W S ®° me of longer spans on the left^nd the 4 

$°l S ,T S ° n ^ nght . A more recent installation 
f vibration eqmpment is shown in Fig. 2. Tests 

cm^d out higher fr T encies than those 

^ ng t. spans; frequencies used for 
l ° th \ 4 ' f lorter spajn s are still higher, 

^ gh - aS 7 ’ 000 Nations per min! 
Ihese higher frequencies are made possible by 

mounting an unbalanced flywheel directly on the 
speamen as shown in Fig. 3. Motion caused by the 
rotation of this flywheel is restricted to the vertical 
plane only. Variable speed friction drives permit 
the use of constant speed motors. For suchtests, 
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O is- - ■ ‘r; c 
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Fig. 1. One wing of the M«s«na, N. Y ; vibration 

laboratory 
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however, it is necessary that the speed o'f the driving 
unit remain constant within extremely narrow limits. 
To accomplish this it was necessary to install a 
special inverted motpr-generator ^et. Many of the 
vibration tests have been made primarily to deter¬ 
mine the comparative life of various sizes of con¬ 
ductors under severe conditions. A large mass of 
data is available, but the summarized results in 
Tables I and II for 2 sizes of A.C.S.R. (aluminum 
cable steel reinforced) are sufficient to illustrate 
several interesting facts. In the case of the 795,000- 
cir. mil A.C.S.R. vibrated in 7 loops on a 120-ft. 
span, each loop having an amplitude of 1% in., the 
marked increase in number of cycles required to 
. cause failure as the cable tension is decreased should 
be noted. By reducing the tension from 18,000 to 
15,000 lb. the life of the cable is alm ost doubled 
for all 3 test conditions. Similar increases were 
observed for still lower tensions. The data in 
Table II for 397,500-cir. mil A.C.S.R., vibrated 
under somewhat different conditions, emphasize this 
same fact. Further consideration of the data indi¬ 
cates that the outer strands must be severely stressed. 
This is especially evident in tests made using the 
square faced clamps. The repeated bending im¬ 
posed on these specimens irrespective of the tensions 
used undoubtedly was more severe than occurs in 
the field. 

Determination of Stresses 

Adequate analysis of stresses in vibration con¬ 
ductors includes a consideration of the general phe¬ 
nomenon of vibration. The studies of such in¬ 
vestigators as Varney, Relf and Ower (“The Singing 
of Circular and Stream Line Wires,” Aeronautical 
Research Committee, Report No. 825, March 1921), 
and Ryle (“Conductor Vibration,” Inst. of Elec. 
Eng., Dec. 1930) certainly have helped to make 
possible a better understanding of this phenomenon. 
To determine whether or not under any given set of 
conditions the fatigue limit of the material in any 
conductor will be exceeded, it is necessary to know 
the location and magnitude of the maximum stresses. 



Fig, 2. Method of loading cables in tension 


Table I Summarized Results of Vibration Tests 

795,000 cir. mils A.C.S.R. ( ) 

\ 7 x 0.1214 / 


Spans 120 ft. No. of loops: 7 Amplitude: li/ 8 ln. 

_ Cycles for First Failu re of a Strand in the Cable 

Cable , Bell-Mouth Clamp 

Tension, Lb. Square Clamp Bell-Mou th Clamp With Armor Rods 

18 .° 00 . 433,000. 1,148,000 . 24,000,000 

15,000*. 796,000. 2,078,000 . 40,538,000 

10 .°00.1,166,000. 6,242,000 . 95,400,0001' 

7 > 000 .9,770,000.16,211,000 . x 110,700,0001' 

_ S » OQO - ..75,2 00,0001'. 84,900,000"' 

* Test still running when this article was prepared. 

Table lb—Summarized Results of Vibration Tests 

397,500 cir. mils A.C.S.R. ( 

V 7 x 0.1 


J.l 151 \ 
1.1151 / 


Span: 120 ft. No. of Loops: 14 Amplitude: »/to in. 

Cycles for First Failure of a Strand in the Cable 

- , Bell-Mouth Clamp 

Cable Tension, Lb. Square Clamp Bell-Mouth Clamp With Armor Rods 


7.000 . 3,775,000. 11,289,000. 

6.000. 26,380,000. 

4.000.45,316,000.106,210,000. 


. 49,910,000 
. 176,100,000* 
.377,000,000* 


* Test still running when this article was prepared. 

If stresses exceeding the fatigue limit are repeated 
many times, failure eventually will occur, the time 
depending upon the magnitude of the stresses. 

The most direct method of evaluating fche stresses 
in a cable under given conditions of vibration is by 
actual measurement. While at first thought this 
may appear impossible because of the limitations of 
available strain measuring apparatus, it has been 
found feasible by preparing and testing special large 
specimens, geometrically similar to those of usual 
size. So far 2 such specimens of 7-strand conductors 
have been fabricated and tested: One is a 7-strand 
hard drawn ahiminum cable, each wire being 0.375 
in. in diameter and possessing mechanical and 
electrical properties identical with those of standard 
conductors; the other is A.C.S.R.* composed of 6 
strands of the same wire stranded over a single steel 
wire. Using a span of 120 ft., these specimens have 
been tested with various tensions and frequencies. 

It was found that these large specimens could be 
set in a steady state of vibration, and the position of 
the top and bottom of the cable at any desirable dis¬ 
tance from the end support determined accurately 
by measuring with micrometer calipers the distance 
to suitable reference planes. The position of the 
cable for different test Tuns could be checked within 
a few thousandths of an inch, and from the measure¬ 
ments the deflection curve for the cable could be 
determined accurately when vibrating as well as 
when not. It was then comparatively easy to dis¬ 
place the cable under suitable static loads to the 
same extreme positions it assumed while vibrating. 
Strains measured with the cable in the deflected 
positions should correspond closely with those in the 
cable during vibration. A comparison between the 
measured and cbmputed positions of the cable near 
the damped end, while vibrating, is shown in Fig. 4. 
Cable positions resulting from static loading are so 
nearly identical that the differences cannot be shown 
in this diagram. 


: July 1932 


483 

























sSSSS^sST^P^ 

safi z sare ss^% tWftfls 

at the end (which is probablv a mnr P ngl( ^ y m a horizontal position 
exists in affl\eXfSe ly bS 

expressed by the equation: g * at the dam P may be 


Fig. 3. Unbalanced flywheel for high frequency 
vibration of wires and small cables. Note variable 
speed friction drive 

By using specimens having such large strands it 

„ ^ p ° s f5 bl . e t0 attach Huggenberger tensometers, 
using a / 2 -m. gage length, to the outside strands at 
various positions with respect to (1) the distance’ 

r tZ d th LT^’ (2) the , 55 E 

strand and (3) the circumference of the conductor 
as a whole Successive appHcations of load together 
with attachment of the tensometers at various points 
permitted a detailed evaluation of the stresses 
(strains X modulus) obtaining throughout the con¬ 
ductor A representative set of such data for 3 posi¬ 
tions of the cable is plotted in Fig. 5. ^ 

Mathematical Analysis of a Vibrating Cable 

Formulas for the general behavior of a vibrating 
cable already have been given by Varney. The 
foliowmg mathematical analysis has been developed 

tmies G * StUrm ° f the Aluirunum Research Labora- 

The frequency at which a cable will vibrate in a 
loop length, L, is equal to a 

/-« J5. 

J lMw (!) 

where j 

i 

/ = frequency in cycles per sec. ' 

T Z 5!il en ^ h dis< ?, nce between n°de points in in ! 

1 * total tension m cable in lb. s 

W = weight of cable in lb. per ft. X 

g - acceleration due to gravity in ft. per sec. per sec. a 


Mo = w (£■-£!) 
\2K T) 


where 


Af 0 = bending moment at the damp in in -lb 
w - weight of cable in lb. per in 
U = span length of the cable in in. 

A/ «= flexural rigidity of the cable which depends upowthe stmna 

etaScitvw'^ ,0r a S0lW *?! m^oi 

Ib.-in. C * ty ^ moment of mertia of cross-section in 

T — total tension in the cable in lb. 


o _ MocEo 

m *»■ * (4) 

where 

B, - moduta of elasticity of the material in the outer strands in 

E 1 = Jexural rigi^ty of the cable in lb.-in.* 

“ half of the outs ide diameter of the cable in in. 

Stly ^SSuse ^f tte^nterokv S b th?si 0t determined analyti- 

iplfed^o°tte ihSefTrfl y t Sfbf£& 

average working tensions mider which Stable tfllbTused^ ** 
dieerion'tSfs ^ 1 '£££& 01 f -SSil St load- 

A'vantSSS 

siting equilibrium and SXowe^ 


Stresses from each of the following sources will be 

“Turn: and the t0tal ^ 

1. Stress resulting from direct tension in the cable. 

2. Bending stress resulting from the static sag of the cable 
^Bending stress resulting from the defonnation of loops during 

of £%£$£*£*- —0 «■ increase in length of arc 

at I thenr5ie°i faC ^ litate r following **“ ste P s in arriving 
at theoretical values of stress, each soiree of stress 

IS considered separately. 


, p x 

dx* EI y El AEI + 2EI (5) 

where 

v Z tefjJthe intermediate span in lb 
Z _ d ?fl; ectl0n m the direction of the load in in 

* . ~ .*•*•"* from tte Wt «K« Of the intermediate spaa in in. 

and other terms are as previously defined 

cabtebut 01,17 Utt shape of deflected 

cable since 0 ^ for bendln « “oment at every point in the 
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LENGTH OF SPAN-120 FT. 


LENGTH OF SPAN-120 FT. 


!■■■■■■■■■■■ 


DISTANCE FROM END OF SPAN-IN. 
MEASURED 


■■■■■■■■■Man 

sssssssassss 

■H1IIHIIJI 


COMPUTED 


Fig. 4. (Left) Comparison of measured and com¬ 
puted deflections of cable. Measured values are 
shown at the left/ computed values, at the right 

n A—Upper position when displaced either statically or by vi¬ 
bration (7 loops—1 Vs-in. amplitude) 

B—Natural pr free position of cable , * 

C Lower position of cable when displaced either statically 
or by vibrations (7 loops—1 Vs-in. amplitude) 


Fig. 5. (Below) Distribution of stress in the strands 
of a typical cable. Measured values are shown at 
the left; computed values, at the right 
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STRESSES AT'TOP OF LOOP 
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£ 

P -4000 


DISTANCE FROM CLAMP-IN. 
STRESSES AT BOTTOM OF LOOP 

MEASURED 


Cable tension 6,000 lb. 

Tensile stress in aluminum 4,000 lb. persq. in. 
Length of span 120 ft. 

Length of lay of cable 12 in. 

Clamp at end of span square 


July 1932 



2-34 5.6 7 8 

DISTANCE FROM CLAMP-IN. 
STRESSES AT-B0TT0M OF LOOP 

COMPUTED 


Stresses in the different strands of the cable at the 
top and at the bottom, of the loop, respectively, 
were determined for the cable deflected statically 
to the same position as when it was being vibrated 
in 7 loops and with 1 '/s -in. amplitude 










tag d Sion n ^v“ e Sl0P£ at thc middle olthe span, zero. The result- 
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Sptafc ft5 , i, , fam d T i ?£r e J 1 **““<» A equal to 0.7 of the 
the clamp may be computed from the faSoa™ 01 "™ 1 at tSe ed * e of 
-KL 


%jt -Pi 1 — e 
Mo = 2K~ - 
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S'telStlXgt «*» tcsulting 

It should be noted that this strL? ™ b Y means of eq. 4. 

stress components in opposite direrfifSff^^ 8 ^Produces equal 
being subjected to b °<*?‘ {r '>°* 

throughout the length of cable T. stres ses 

vibration may be computed from th?&da bendmg duriag 

S = 2t 2 Eo . 4 - 4 

L L (11) 

wSSly dSd tUde ° f Tibrati0n “ “d the other terms are as 

of the iilfiouSSS^'S^ in vibration, the length 
brating. The additionaUength thL re?uhS 2fi leng ^ ^ hen not vi ‘ 
mg of the cable because SSiri JERfc ^ m a stf etch- 

rapidly enough This addi4nti!nii ~\ eclam P e d ends cannot yield 
tion Which if quiSdosdy^elSI^ a **» 
Bechtold and Folkerts (" Resistance of derived by 

tion Especially Hollow Overh^Cable ” ^sverse Vibr a- 
enbau, July 14, 1929, p. 593 ). ’ Elecktrotech. u. Maschin- 

>_8 6! 

^ L * ( 12 ) 

^revious , ly = defined e ^ 0 The t rSuitir^'str^ e ti 1 aa ^ n ^^ e .jjj- as 

c _c 8 A 3 
o — s E 0 * -=~ 

3 : ' L ^ (13) 

“tSKiSL" modulus of the cable as a whole 
geneml is 

tot B JSS^KSb^ eS l Stresses 

with a fair de^l nf S able be c °mputed 

measured in arable f ^tWb Cy ' Strasses actually 
a cat)le mth those computed on the 
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basis outlined, are shown for comparison in Fir 5 

Jn^nFth* n< ?, ed . that stresses measured on tltetop 
£5* cr ^*1 Ca ¥ e ’ h e ’ wheire tensile stresses are great 
are shghtly lower than the theoretical strSses- 
whereas on the under side of the cable wtee 
compressive stresses exist, measured stresses are 

diSr Wbat ? r ? ter tban the computed stresses. This 

tenS to e oun tL t °t the + Ct , ttat the ^ sS 

uTi r ofSS£.“” ■ “5 

e been foun d quite feasible to measure with 
^ ltable accuracy the deflection curves and deter- 

fOT aU ^ eS of com “etcial conductors. 
“ procedure just outlined 

“ es S XS Tb^ eSS f? * made on *e smaller 
v .. cable. This work is now in progress and the 

totted r^ults obfained to date indicSe that the 

amwS a! t'd ly . be acce P ted with assurance, 
it i stud y to transmission line problems 

beer, ‘o remember that no allowance has 

nntbe«e l ! 0r °f stresses caused by the sym- 
pa hetic mobon of the cable supports. The support 

Wrth/g r clam^ Wer ^ P rac ? call y rigid, whereas^sup- 
311,1 msulator ties used on actual 
transmission hnes are far from rigid. 

.•***“ • - • •• * • . • . • • j • 

Fatigue Properties op Materials 

tb^T 11 ? ^ the limits of the stress ranges for 

,> “ a cable can bs deteSS! 

b ™ts of the stress 

’SSffc- aL • m tbe cab1 ®- This informa- 

■a*es unHe?tv • fr0m vibr3 rion tests of single 
wnes under various known conditions. Such tests : 
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are essentially fatigue tests in which both the mean 
stress and the stress ranges may be varied widely. 

Tests show that when the mean stress is zero the 
endurance limit based upon 500,, million complete 
reversals is 8,000 lb. per sq. in. for hard drawn 
aluminum conductor metal. Using this value and 
the Goodman diagram which, although not checked 
thoroughly by experimental data, has been found 
to give safe values, limiting ranges of stress are ob¬ 
tained as shown by Fig. 6. This diagram shows 
that as the mean stress increases from zero to the 
ultimate strength of the material (24,000 lb. per sq. 
in.), the safe range of stress decreases from 16,000 
lb. per sq. in. to zero at the ultimate strength. 
Tests on single wires are now in progress for the 
purpose of checking the Goodman diagram both for 
hard drawn aluminum and for steel; but because of 
practical difficulties in carrying out the tests, results 
are being obtained rather slowly. 

« Effects of Conductor Accessories 

Many tests have been made for the purpose of de¬ 
termining the effects of various types of fittings on the 
vibration or fatigue fife of electrical conductors. 
Space limitations, however, permit the inclusion of 
only a few of the results in this article. Effects of 
bell-mouth clamps in increasing the life of vibrating 
cable are well illustrated in Tables I and II where the 
number of cycles for failure is shown for cable with 
square clamps and with bell-mouth clamps. It 
may be noted that the life of the cable has been prac¬ 
tically doubled in every case. This is explained by 
the fact that the bell-mouth clamp prevents the 
severe concentration of stress that occurs in the 
square clamp. If armor rods are used with bell- 
mouth clamps the life of the cable is increased many 



Fig. 7. Vibration damper fatigue testing machine 


Note that the vibrating members are driven through 2 eccen¬ 
trics, one of which can be seen at the lower right 
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times, as illustrated also in Tables I and II. While 
these tests have not been completed they have run 
long enough to demonstrate the effectiveness of armor 
rods as a means of overcoming vibration troubles.. 

It? is possible by means of dampers to eliminate 
practically all the vibration in a cable. Laboratory 
work on vibration dampers has included extensive 
tests to determine theTelative life of various dampers 
of the Stpckbridge type using the special fatigue 
testing machine shown in Fig. 7. The machine 
can be operated at various speeds frbm about 600 
to 1020 r.p.m. using any amplitude from zero-to Vs 
inch. Tests with this machine permit the selection 
of proper cable for supporting the weights and assist 
in refinements of design. 

Another special testing machine was built for 
measuring the efficiency of various types and sizes 
of vibration dampers. This was to be done by 
measuring the rate of retardation of a flywheel 
after it and the attached damper (the damper being 
driven through an eccentric) were brought to a 
definite high speed and then disconnecfed from the 
driving motor. So far the test data have not been 
satisfactory for determining the efficiency of dampers, 
but have given valuable information relative to 
critical frequencies of dampers. 

3 Dampers of the Stockbridge type (Fig. 7) have 
2 critical or natural frequencies which are dependent 
upon the material, size, length, and stranding of the 
damper cable as well as upon the size and shape 
of the weights, and the method of attaching them 
to the damper cable. Computed frequencies for 
these devices have been found to agree with observed 
frequencies within the limits of experimental error. 
The amplitude of oscillation of the damper weights 
for any given forced vibration of the center clip 
depends upon the frequency of the forced vibration 
and the damping characteristics of the damper cable. 
With the damping characteristics of the damper 
cable known this amplitude may be computed and 
from that the energy absorbed per cycle or per second 
may be determined. This value together with the 
forces developed by the vibrating weights will give 
criteria for selecting the most suitable damper for 
any given conditions. Space limitations do* not 
permit giving the mathematical analysis in this 
article. 

Conclusions 

The following conclusions summarize the principal 
findings of the laboratory investigation treated in 
this article: 

1. Satisfactory methods have been developed for measuring actual 
stresses in vibrating conductors under conditions closely simulating 
field conditions. 

2. A mathematical analysis of the stresses in a stranded conductor 
under vibration is given which checks closely with measured values. 

3. Tests indicate that safe limits for stress ranges of conductor 
materials, can be determined satisfactorily. 

4. Certain types of hardware accessories have marked effects upon 
the life of vibrating conductors. 


Editor’s Note.—The last portion of the paper “"Vibration of Overhead Trans- 
missionLines,” which deals with held tests on actual transmission lines, will be 
covered in a later article to appear in a subsequent issue of Electrical Engi¬ 
neering. . •; 
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Electric Locomotives 
for the Pennsylvania 

High sustained available and controllable 
continuous output is considered one of the 
outstanding characteristics of locomotives 
recently designed for the Pennsylvania 
Railroad. This high output has been made 
possible by the use of motors of improved 
design together with transformers having • 
suitably selected taps. Important features 

of these locomotives are treated in this 
article. 


By 

J. V. B. DUER 

FELLOW A.I.E.E 


Pennsylvania Railroad 
Philadelphia, Pa. 
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2. Selection of electrical equipments 

Single phase commutating type motors were selected for driving 
the locomotive. In selecting these as well as the other electrical 
equipment, consideration was given to the best method of taking 
full advantage of the permissible weight oij drivers, both in regard 
to horsepower and tractive effort, and to secure a proper halance 
between these factors and the capacity of the electrical equipment. 

3. Horsepower and tractive effort. 

In deciding upon these features, consideration was given to the 
horsepower and tractive effort of a steam locomotive that was 
handling through passenger trains successfully; it was felt that if 
an electric locomotive could be built with the same or better horse¬ 
power and tractive effort than that of this particular steam loco¬ 
motive, the resulting electric locomotive would provide a satisfactory 
unit for handling through passenger trains. 

4. Maximum speed. 

To provide operating tolerances over present speed, and at the same 
time permit increased operating speeds in the future should they 
prove justifiable, a maximum operating speed of 90 miles per hr. 
was selected. 

5. Adhesion factors. 

Conservative design required the use of an adhesion factor of 25 
per cent of the weight on the drivers. Experience with electric 
locomotives in the past indicated that this adhesion factor could be 
* reached without trouble under almost any normal operating condi¬ 
tions. 

In the. earlier Pennsylvania locomotives of both 
a-c. and d-c. types, for various reasons jack shafts 
and side rods had been used as the means of trans¬ 
mitting the motor output to the driving wheels. 
In d-c. locomotives this was done to secure a smooth 
riding vehicle as well as to concentrate the driving 
power in a small number of large motors. In the 
a-c. locomotive, similar construction was used to 
permit the use of a minimum number of large motors, 
since, when these locomotives were designed it was 
not possible to place between the driving wheels 
sufficient motor capacity to handle the tractive ef¬ 
forts made available by the permissible weights on 
drivers. Developments in single phase motors, how¬ 
ever, now permit the installation between the driving 
wheels of sufficient motor capacity to handle effec¬ 
tively the maximum weight per pair of drivers; jack 
shafts and side rods thus are no longer necessary, 
and it is possible now to design a maximum driving 
unit of sufficient capacity to develop the tractive 
effort available with the allowable weight per driv¬ 
ing axle. 

Improvements in A-C. Locomotive Motors 

Among developments that have made possible 
the increase in motor capacity referred to, may be 
mentioned an increase in permissible peripheral 
speed of both armature conductors and commutator. 
This increase in safe peripheral speed resulted from 
improvements in the mechanical design of both arma¬ 
ture and commutator, the use of roller bearings for 
the armature, and improved mechanical design of 
gears and pinions. Another development that has 
contributed to the increase in motor capacity is an 
increase in the efficiency of forced ventilation, which 
has followed upon a detailed study of air distribution 
through the various air passages in the motor wind¬ 
ings.; . „ 

With the selection of this improved driving unit 
as a base, it has been possible to design locomotives 
of different classes for freight and passenger service, 


each with a suitable multiple of thesfe driving units 
assembled in combination with appropriate idle 
trucks. Thus in the P5 locomotive, a motor unit 
consisting of 2 armatures and stators in a single ’ 
frame was selected as the motive power for a pair of 
drivers, the motors driving the wheels through an 
adaptation of the well-known quilf drive. In tlie 
01 locomotive, identical units are used with fewer 
drivers. In the L6 locomotive, single motors mo un ted 
in a frame suitable for axle mounting drive the 
wheels by means of conventional geaf reduction ar¬ 
rangements. 

As the design of the P5 locomotive progressed it 
was found tjiat 3 pairs of drivers, each pair equipped 
with the motor unit just described, with a 4-wheel 
truck at either end of the locomotive, provided some¬ 
what greater capacity than the present through 
steam passenger locomotive known as the “Pacific” 
type. It was found also that an assembly of 2 sets 
of twin motors with 2 pairs of drivers and a 4-wheel 
truck at either end, classification 01 u provided a 
locomotive of somewhat greater capacity than the 
through steam passenger locomotive known as the 
“Atlantic” type. An assembly of 4 pairs of drivers 
of approximately 60,000 lb. per pair having a single 
armature driving each pair through gears and pin¬ 
ions, with a 2-wheel truck at either end of the loco¬ 
motive, provided a capacity somewhat greater than 
th£t of the “Mikado” steam locomotives used in 
freight service on the Pennsylvania system. 

In addition to the foregoing, the designs selected 
permitted great flexibility of motive power: In an 
01 locomotive, 2,500 hp. is available with 2 pairs of 
drivers; in the P5 locomotive, 3,750 hp. is available 
with 3 pairs of drivers; in 2 01 locomotives, 5,000 



SPEED, MILES PER HOUR . 

Speed-tractive effort characteristics of the P5 electric 

locomotive 

hp. is available with 4 pairs of drivers; in a com¬ 
bination of an 01 and a P5 locomotive, 6,250 hp. is 
available; and in 2 P5 locomotives, 7,500 hp. 
Thus it is possible to increase locomotive capacity in 
steps of 1 pair of drivers, or 1,250 hp., and to 
select the proper unit for almost any weight or size 
of passenger train now used on this railroad or likely 
to be used in the near future. 
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While the freight locomotive’s capacity cannot 
in sUcb ste P s > a careful study of freight 
• sei 7 lce 1 on ^e Pennsylvania has indicated that the 
• 1S the J? est all-around one for handling 

;5. g ^ t .^ rains oa ^is system and that the step€ in 
?eSble the Capa * lty can be increased are sufficiently 


Unit Construction Used 

Experience ‘with construction and maintenance 

a^ 1 ^t at u d “y class of dec tric locomotive! 
„?£ P a ^ ? be i! eadil y removable and replace- 
be inf^ d t, that 1 ?, so / ar 88 Possible, aH parts should 
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!nolvkcr a «f- C as - S ' The desirability of still further 
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loconfotives is evident. With the cooperation of 

the “ anufacturers > this has been accomplished in 

A “y «* or part, armature 
motor, brushholder, transformer, or control unit will 

revSdl^TS pr0perf y “ an y locomotive assembly 

Sbhf Thk other parts in’that 

aSS t e , mb !y' This principle has been developed further 
tbe locomotive assemblies in that each complete 



Twin motor assembly for P5 locomotive, pinion end, 
showing quill drive 

ffiSd 1 ° £ 3units - a an apparatus 

steel casting into which are Ssttte^? ZS -» 

tSSvoSfo ^ ofl ‘ fired steam boiler, as wdfS 
reservoirs for compressed air for the brake and con- 


too! systems. At each end of this steel casting is a 

tte t7m» d en ? ne , t ™? k consisting of a single cas/steel 

SjS? f eann Z bas been used extensively on this 
railroad for passenger car journals and for traction 
motor bearings; it is anticipated that by extending 

ice SlXlfe bparin f *>> living 

^ 2il° Uble T U be praCticaUy elimSedafd loco- 
ild aII mamt jfnanc e expense materially decreased 
es tro\ P /Z^ DeCk - Tldsnnit contains the maiit^i 
. trol groups, air compressor, miscellaneous aonaratus 

Oi r n f W ”. ng ' snd most of the control wiring.^Founda- 
of “ a structural aluminum framework 

in aS udr d h Vh ehctnc ^ equipment is assembled 
ana wired The assembly then is mounted as a 
ej unit directly on the chassis. 88 a 

ly unit forms a weatherproof housing for 

it dation k^n T CreW T d a PP aratus - The foun-' 
nation is an aluminum structure divided into 3 com- 

:e ehhe^end’ Ld°° th f< f ^ locomoti ye engmemen at 
tner end, and a central compartment covering the 

- E a mi^- ™s unit houses also the h^tte| 

transformer, master controllers, the 

1 and^hi^? 6 iT alVeS ’ SOme of con trol wiring, 
and other miscellaneous accessories, and sutmort* 

. f P a ntographs, bell, and whistle. Louvers in the 

sides of the cab admit ventilating air to the motor 

^riansformer blowers. The entire cab m“ y te 

assembled as a umt, wired, and equipped with ap- 

o“; ^pp n arS" direCt,y ° n the and 

these 3 units of a locomotive may be as- 

Wtt d “tn P a e ent i y .° f , 0tber - «“» assembled 
a nJr^f 5?° complete locomotive. Parts such as 

a wt f ffIT mopors “d driving mechanism, 
placed with t atr ° umt ; “ a y he removed and re- 

Komotive“ Um ° f * StUrbanCC t0 the rest ^ 

the C nA o 0 PK locom °rive is in all respects similar to 
of e liT P6 except , that rt has 2 driving axles instead 
° ®f? d consequently is of smaller capacity. Equip- 
ment m the 2 locomotives is similar in every respect 

capSty transformer in the 01 isriS 

Cl^s- Le freight locomotive has 4 driving units 
a 2-wheel truck at either end. Each driving 

e^h 2 1 m i 0t Z r annature its frame! 
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Apparatus deck com¬ 
pletely equipped 
being lowered upon 
the chassis of* a 
P5 electric locomo¬ 
tive. Note unit con¬ 
struction. After the 
apparatus deck is se¬ 
cured to the chassis, 
the fcab unit is added 
to complete the 
locomotive 


driver rims; this gives a nominal continuous rating 
for the 3 classes of locomotives as shown in the ac¬ 
companying tabulation. 


Ratings of New Locomotives for Pennsylvania Railroad 




Speed in 

Tractive Effort 

Class 

Hp. 

Mi. per Hr. 

in Lb. 

P5*. 

.3,750. 

.63.0. 

.22,300 

Ol. 

.2,500. 

.63.0. 

.14,900 

L6t. 


.37.8. 

.24,800 


* Geared for a maximum speed of 90 mi. per hr. 
t Geared for a maximum speed of 54 mi. per hr. 


. With the foregoing general description of the loco¬ 
motives in mind, it may be interesting to dwell upon 
some of the more important details. 

Principal Parts Interchangeable 

Interchangeability of parts has been referred to 
previously in this article, but the extent to which 
this interchangeability has been effected has not 
been treated in detail. It may be said that in the 
3 classes of locomotives, the interchangeability of 
. electrical parts is practically complete. The unit 
switches, master controllers, air compressors and 
motors, pantographs, blowers for motor ventilation, 
and relay systems, are identical. The preventive 
coils and transformers are identical on 01 and L6 
locomotives, but are larger on the P5 locomotive 
because of the greater capacity required. 

Although the assembled motors on the 01 and 
P5 locomotives are of the twin-armature frame-sup¬ 
ported type and those on the L6 locomotives are of 
the conventional single-armature axle-supported type, 
the individual parts of the motors, including arma¬ 
tures and stators, are identical except that a larger 
pinion bearing is used in the axle supported motor to 
take care of the higher duty required by the freight 
gearing. The same stators may be pressed into or 
out of either type of frame. 

Mechanical parts of the 01 and P5 locomotives 
are interchangeable to a large extent; driving wheel 
assemblies including bearings are the same as are 
the truck assemblies;, also many parts of the spring 
and equalizing rigging and of the brake rigging are- 
identical. Furthermore, many of the parts used to 
make up the apparatus decks and cab structures are 
the same. 
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Accessibility Aids Inspection and Repair 

1 

Accessibility of apparatus for inspection and repair 
also has been mentioned. This was the subject of 
continual study during progress of design, and every 
effort was made to insure that each piece*t>f apparatus 
is not only readily accessible for inspection but also 
readily removable for repair. Thus a locomotive 
may have a defective piece of apparatus replaced 
and be returned to service in the minimum time. 
For this purpose hatches are provided in the cab 
roofs of all 3 classes of locomotives. Through these 
hatches any piece of apparatus inside the cab may be 
removed readily for repair or replacement. 

A complete driving wheel assembly, including 
the motors, may be dropped from the frame'in the 
repair shop and replaced in a relatively short time, 
thus making all electrical parts of the locomotive 
readily accessible and renewable either from above 
or below. In addition to this, each piece of appara¬ 
tus inside the cab may be inspected readily" from 
the interior; commutators and brushholders of the 
main motors may be inspected equally readily from 
the inspection pit. 

Handling the large quantity of,ventilating air 
necessary for cooling the motors and transformers 
was made the subject of detailed study. In the 
final design louvers are provided in the sides of the 
cabs that may be opened or closed, depending upon 
weather conditions. These louvers are so designed 
and constructed that screening devices may be ap¬ 
plied should further operating experience indicate 
that such devices are necessary. 

Type of Drive Used 

The type of drive to be used between the pinion 
driven gear of the armature and the driving wheel 
has been the subject of much detailed study and 
analysis; several types of drives have been built and 
placed in service and. on test. These tests still are 
proceeding, however, and final decision on this ques¬ 
tion will follow at a later date. The first 90 passen¬ 
ger locomotives built will be equipped with the cup 
drive shown in one of the accompanying illustrations; 
so far this drive has given excellent results in ser¬ 
vice. In the freight locomotives, the conventional 
arrangement of pinion and flexible gear used largely 
in multiple unit car construction and in previous 
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ekctrie locomotives has been adapted to the tractive 
efforts and speeds of the freight locomotive. 

• Electrical Protection 

»For some years it has been the practise of* the 

raohfriIX an ^ a '? alIr ° a . d t0 omit ^ use of a current 
rupturing device between the pantograph on an 

electric locomotive and the primary of the main 
transformer, and to substitute in its place a device 
laiown as a pantograph lowering relay. This relav 
is connected so as to use the substation circuit break¬ 
ers to open high voltage short circuits, grounds or 
overloads on the locomotive. In the P5, L6 and 
01 locomotives this device has been supplemented 
by an automatic grounding device. Should a trans- 
s hor t circuit or overload condition develop 
this device will function automatically to ground the 
pantograph, thus opening the substation circuit 


Wire Communication 
Aids Air Transportation 


Through government aid, great progress 
has been made during recent years in reduc¬ 
ing the hazards of bad weather to air trans¬ 
portation. Practically continuous reporting 
of meteorological information and weather 
forecasting along the principal airways is 
carried on with the aid of extensive tele¬ 
typewriter network. 



By 

H. H. NANCE 

MEMBER A.I.E.E. 


American Tel ft Tel. Co., 
New York, N. Y. 
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Axle hung motor for L6 freight locomotive, showing 


gear case 


to<*edauto^t^i^;f*? togra Ph is lowered and 
locked automatically by the lowering relay. 

^Protection against motor overload is provided hv 

relay devices, thus permitting the utilization nf 

tractive Sfort male avad^fe by dr ^ 
whed adhesion, at the same time affording nrotectSf 
for the motors should this adhesionSZS 

of'the'equfe^,t PP TS ti0,1 i 0f ^ ° r mishandli «4 

interlinked .with anti-wheShp promotion ^hich 
insures driving wheel slippage being brought to the 
ted h attention should he otherSio? £ 

ShSt 4 ? 4 " “ t0 consider - 
thein3^fT4°aS°ck y ^ be bey °” d 


DEVELOPMENT of air 

m thlS cc i untry has continued through 
the past few years so that today estabHshed routes 

cities. Route ndi^age 
airways in the Umted States as shown in Fig 1 

3 °' 000 mUeS - ^gularly scheduled ¥£,s- 
1S £ VeU on P racti oally all of these routes; 

exten^bv*rninto I0Ut f used to a considerable 
Q+ null ? :ai 7 and P riva te planes, 
statistics relating to service of air transport com 
g“"« * eem Particularly significant. S uXd 

mateTy ^JSOOnm n, fl 0mm ? rce reported approxi¬ 
mately 42,800,000 miles flown m passenger, mail and 

impress service on domestic scheduled UnesTlgTl 

n increase of 35 per cent over the preceding year 

more than a fourfold increase since 1928. Inthe 

n?^lw" year penod passengers carried increased 

Alonv'witw?- 1118 a t0 i al of about 470,000 in 1931. 

^Ts iTdieaiS-f h gr °!? h ’ Safety has been increased 
as is indicated by the respective 1928 and 1 Q 31 

reports of 250,000 and 750,SoO miles flown per ac 

Reasonably of schedules on air 

5 h + neS „ a ? has been maintained, the ratio 

h -” j ?f tuaI1 J fl 0 !™ to scheduled miles last year 
being of the order of 92 per cent 

cn^w fadUties have been an important 

improvement t/* t0 aU this development and 
and rISh1e tv K Wa ? recognized early that fast 
and Reliable communication would be needed in 

tosSt° <Wltl1 ai JT extensive development of air 
transportaaon. Communication with planes in 

^us requirement; this could be 
provided only by radio. For land service, however 

.meeT 1 th? r™ facihties best 

•meet the general requirements. This article de- 

pmMted°at Ai< ^ ls to *** Transportation’' (Wo. 32-82) 

1932 A,I - B - E - ® ummer con vention, Cleveland. Ohio, June 20 - 2 % 
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scribes the wire commtmication facilities in general 
use today, both by the government and by transport 
companies, as aids to air transportation. 

Principal airways have been established largely 
through federal aid. In addition to marking and 
lighting airways the airways division of the United 
States Department of Commerce had provided up 
to April 1, 1932, 67 radiotelephone stations* at 
approximately 200-mile intervals (see Fig. 1) to be 
used for broadcasting weather reports and similar 
information to planes in flight arid for transmitting 
directive radio beacon signals for enabling planes 
to keep on the course. In conjunction with these 
services the airways division had contracted for 
24-hour teletypewriter service along 13,000 miles of 
main airways connecting some 250 stations, prin¬ 
cipally for the purpose of transmitting weather 
reports and to assist in dispatching the planes. 
All of these facilities have been made available 
without cost to aircraft operating companies and 
others using the airways. 

In addition to the communication service con¬ 
tracted for by the government, approximately 5,000 
miles of ^ teletypewriter circuit are used daily in 
furnishing private wire communication service to 
several transport companies for transmitting infor¬ 
mation pertaining to the operation of their own lines. 
Routes on which these facilities are fur nish ed to 
the government and transport companies are indi¬ 
cated by heavy lines in Fig. 1. 

When the first air mail service was established, 
radiotelegraph was introduced as a means of point- 
to-pqint communication along the New York- 


Chicago-San Francisco airway route. * At each radio 
station meteorological data were collected from sur¬ 
rounding points by means of long distance tele¬ 
phone and telegraph; these data were exchanged 
Periodically through the day with the other stations 
over the radiotelegraph. With a rapid expansion 
m air transport service foreseen it w&s apparent that 
a large increase in communication facilities would be 
needed. There was the definite requirement for 
radiotelephone communication with planes which 
would need several radio channels allotted to this 
service. Considering these factors and the geo¬ 
graphic and other conditions, it seemed that reg ular 
point-to-point service served by radiotelegraph 
could be provided more satisfactorily in another way. 

Arrangements were made in 1928 for teletype¬ 
writer communication at several points connecting 
radio stations with their local weather bureau bffices 
in order to expedite the delivery of weather reports 
and other traffic handled by radiotelegraph. Shortly 
afterward, a teletypewriter system was installed on 
the New York-Cleveland route connecting the 
Department of Commerce and weather bureau 
stations at Hadley Field, Shelton, N. J., and Cleve¬ 
land, Ohio, and several intermediate points. This 
type of service seemed ideally fitted for use in 
Feather reporting and plane dispatching and has 
been extended not only to replace the service 
previously furnished by radiotelegraph, but also to 
provide for communication requirements of other 
routes. • 

Teletypewriter service offers the advantages of 
simultaneous communication with any desired num- 
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Airways Equipped with Teletypewriter Service 
n Not ■* * * • 

Radio Stations 
Other Airports 

Area Served by Radio Station 


► To Nassau 


To Kingston 


Fig. 1. 

July 1932 


IS Havana 


Mop showing principal airways of the United States indicating routes equipped with teletypewriter service. 

Note large area served by radio 
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Fig. 2, Portion of a typical weather sequence report 
as transmitted by teletypewriter 

• 

?*“ communications being auto- 
maticaUy reewded at each point. A message using 
code or abbreviations can be sent instantly without 
the necessity of calling or checking with the receiving 
stations, thus requiring the immediate attention of 
only the sending operator. Automatic recording 

Se U nfn ! he 'J ) ° Ssi P ility °l human error and permits 
the most efficient use of operating personnel with 

resulting savings m labor. Furthermore, as con- 
^ with radio, this system utilizing wire trans¬ 
mission is not so subject to variations in meteorologi- 
Si ^ndibons; it is thus more dependable, and has 
the fur^er a.dvantage that it can be extended readily 
to handle large volumes of business. This system 
also is weft adapted to carrying on administrative 

pla^XatehLr W6 “ “ t0 W6ather rep0rting and 

Transmission of Weather Reports 

Notable progress has been made in reducing the 
effect of weather hazards to air transoortatinn 

Department nf P™* rendere ^ b y United Stated 
department of Commerce and weather bureau in the 

collection and dissemination of weather worn 
supplemented by other reports collected by indi¬ 
vidual transport companies from planes in-flight 
°r P ractica Uy continuous reporting £d 
fo 5 3X695 alon S air routes hasbeen 
developed, and general weather observations have 
been extended to include data of particular benefit to 

m?heM 10n n The ****»« netw”ur- 
^toffieBepartment of Commerce are devoted 
argefy to rius purpose; in conjunction with the 
department’s radio telephone broadcastmrSrvtee 
these networks provide the means for funushinv to 
pttote information relating to existing condition. 

and foraasts for both generai and loeal areas. 

JTwdvesdectedweather bureau airport stations 

ip+w“L at strategic points in the country’s airway 

in rthete P repare summaries of weather conditions 
m their own areas and make area forecastseve™ 

~ “IT cOOnectl^y 

sjs."rs ss. 1 ™ &« 



. explanation of symbols 

- GENERAL CONDITIONS - M 

0— clear R- thunderstorm WIND DIRECTION - 

ffl- FT. CLOUDY R- i** “ ° " ARROWS FLY WITH THE W!NO » 

®- Q.VERCA5T S-SNOW F-FOO . *> C-CALM 

-CEILING- £* ZW 9-WIND SHIFT 

.. IM HUNDREDS OF FEET SSF S. „ w 

U ' U “ UM : T !7U IB1 , J - W.nS VELOCITY - 

IN M .r« V,SIBIL,TY - ,M MILCS PE " HOUR 

• ILM “ TEMPERATURE - 

F'g. 3. Specimen weather map transmitted from 
1 ° the larger airport,. A page teletypewriter 
with special characters is used for this purpose 

to C teeo S oflnte are + HkeIy chan ? e rapidly; hence 
likelvm advised of conditions 

b i,'!? C0U , nt , ered ’ jt has been necessary to 
Routes 6 additional hourly reports along the air 
£“*??• Consequently, the airway keepers and 
2“ b r“ observers at the various telet^ 
writer stations make local observations of general 

ffireorimi C0 *l diti< ? ns .' ceiling height, visibihtyf wind 
oressSS* ever7 H 0Clty ’ ‘““P^ature, and barometric 
the teletTmeJ^* ll0Ur 'j Tbese data then are sent by 

automatically recorded at ah 
5°“*i. on , t he circuit m accordance with a pre- 

bro^St d .1h h ? d } lle ’r Wllicl1 is coordinated with ? the 
broadcast^ schedule of radio stations. Sinee pilots 

“o^Pjrtn^ Stations at definite times, 

doselv P mt ^ule be adhered to 
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an showsa portion of an actual tape record of 

ItorZInf i 0ng Newark-Cleveland route. 

Station ta Pe. has been cut to show 1 

time. 0642 E S °wTi* e l< ^ Fir st, the starting 

tune, Uo42 E. &, which is 6.42 a.m. Eastern Standard 
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time, is shown. This is followed by' a report of 
observations from each station given in sequence. 
The time of actual transmission for all 14 stations, 
Newark to Cleveland, would be^ about 4 min. and 
at 6.50 a.m. the reports would be broadcast as 
scheduled from the radio stations on that route. 

Based upon the information obtained through 
the sequence collections, the airway weather report¬ 
ing stations retransmit, generally by teletypewriter, 
hourly weather reports to the various airway operat¬ 
ing companies’ offices in that vicinity where the 
information is posted for convenience to pilots. 
An experimental service involving the transmission 
of weather summaries in map form was tried out 
recently at Kansas City, Chicago, Cleveland, New¬ 
ark, and Washington. A separate circuit equipped 
with page teletypewriters at each of these points 
was provided for this purpose. The weather maps 
were prepared at Kansas City and Clevel an d every 
3 hours and then transmitted over this circuit. 
m A typical map transmitted from Kansas City is 
shown in Fig. 3. The map data are sent in se¬ 
quence from the 2 transmitting stations; after 
they have been recorded on the map forms at the 
receiving station several duplicate copies can be 
run off immediately and the 2 maps fitted together 
if desired. The maps then are available to pilots 
at each of the respective airports. 

Complete reports of weather generally are main¬ 
tained by transport companies in dispatching offices. 
On some lines 2-way short-wave radiotelephone 
equipment has been provided for communicating 
with planes, periodic contact being maintained 
during flight. In this way pilots report their posi¬ 
tions directly to dispatchers; in addition supple¬ 
mentary weather data usually are exchanged, 
particularly with respect to local ceiling heights and 
conditions in the upper air strata. 

Plane Dispatching and Other Service 


the reports of positions in many cases being given 
by pilots over short-wave radiotelephone where this 
type of equipment has been provided. 

T^o facilitate position reporting some of the 
companies have superimposed a system of rectangu¬ 
lar coordinates over a map of the Qdurse cutting the 
territory into squares or rectangles 10 to 20 miles 
on a side. The coordinates are numbered so that 
the pilots and dispatchers can establish readily the 
location of the plane. Dispatchers generally main¬ 
tain a typewritten, chronological log of position 
reports from each plane in the air. Bulletin boards 
also are used, marked with stations along the route 
and with spaces for filling in data such as plane 
number and license, name of pilot, time of arrival 
and departure at each station, and final destination. 

On large lines a great deal of information is 
required to be transmitted in connection with the 
handling of traffic. Usually this consists of data 
concerning reservations, number of passengers and 
amount of mail and express carried, connections to 
be made, and arrangements at terminals. Supple¬ 
mentary instructions to pilots and many adminis¬ 
trative matters requiring prompt handling also are 
transmitted. 

, Although airways teletypewriter circuits furnished 
to the Department of Commerce are used mostly 
for* handling weather reports, considerable informa¬ 
tion also is transmitted relating to departure and 
arrival of planes and the positions of planes ir^flight. 
The Department of Commerce upon request will 
send over its teletypewriter system the license 
number of a plane, the station from which the plane is 
departing, its time of departure, and its destination, 
to stations along the route of the flight. Personnel 
of stations on this route knowing approximately 
the time due, then watch for the plane and record 
the actual time it passes so that other stations may 
be informed. 


Teletypewriter circuits furnished to air tr ans port 
companies are used principally for dispatching planes 
and handling the many traffic matters usual to this 
type of service. Plane movements including reports 
■of position in flight are transmitted over the tele¬ 
typewriter system and recorded at various offices, 



Teletypewriter Circuit Layout 

Teletypewriter networks furnished by the Bell 
system for service along airways are composed of 
some 30 separate circuits. Circuit mileage of the 
longest is about 2,000 miles and of the shortest, 200 
miles. The longer circuits generally connect 15 to 
20 intenmediate stations. Since airways naturally 
follow direct air lines the intermediate airway stations 
often are situated at points somewhat distant from 
main communication lines. (See Fig. 4.) At the 
larger airports such as Newark and Cleveland, 
local teletypewriter circuits also are provided to 
connect the Department of Commerce station with 
the offices of the various transport companies, the 
post office, and the weather bureau. Automatic 
transmission equipment is provided so that informa¬ 
tion received on 1 circuit can be retransmitted 
dyer 1 or more circuits as desired. Cable circuits, 
being less susceptible to interference and storm 
trouble than open wire circuits, where available have 
been used generally for establishing teletypewriter 
circuits furnished both to the Department of Com¬ 
merce and to the transport companies. At present, 
over one-third of the mileage of these circuits is in 


J__ 1 < . • j . m on alternate routes are available 

to be substituted for the regular* circuit in the event 
circuit trouble develops. 

Teletypewriter Equipment * 

• • 

Theory of teletypewriter .operation has been 
described in other papers and hence will not be 
reviewed here. Tape and page type sending and 
receiving teletypewriters commonly used in this 
country are also used in airways service. Tape 
machines are particularly suited for this purpose 



Fig. 5. A typical airport teletypewriter installation 

since, messages are usually short, and weather 
reports from the various stations can be conveniently 
posted by cutting and pasting the tape as desired, 
in addition to the ordinary sending and receiving 
machines, however, supplementary apparatus unite 
may be used so that operators can work at 
efficiency and the line circuit can be used to its 
maximum capacity. These units are the perforator 
the tape transmitter, and the reperforator. 

The perforator is associated with a keyboard and 
perforates a tape with from 1 to 5 perforations for 
each key struck ; the tape then is run through a tape 
transmitter which automatically sends electrical 
impulses to the circuit corresponding to the perfora¬ 
tions m the tape and identical to those that would 
have been sent from the keyboard sending. Use of 
the perforator and tape transmitter permits the 
circuit to be operated at its maximum speed at all 
tunes and permits the operator to work in spurts 
and rest or do other work while the accumulated 
tape is running through the transmitter. Also the 
same tape can be run through several tape trans¬ 
mitters and thus can be used for sending the message 
over several circuits. 6 

„ ^perforator is a receiving device which 
records the message on a perforated tape similar to 
that produced by a perforator unit. This permits 
storing a received message for immediate or subse- * 

client retransmission to other circuits without re¬ 
typing it. 

- The smaller teletypewriter stations of the Depart- 


le ment of Commerce and those of the various transport 
it companies generally are provided with one or two 
teletypewriters. At the larger stations of the De¬ 
partment of Commerce a special arrangement of 
equipment has been provided' to permit efficient 
operation of the circuits from the standpoints of 
n requiring the fewest operators and of obtaining 
e rapid retransmission of messages received on 1 
u circuit to 1 or more of the other circuits, as required, 
s A view of a typical installation is given in Fig. 5 ] 
e The apparatus is mounted on tables specially de- 
e signed for the purpose; these tables usually are 
arranged on the floor in the shape of a “U,” the units 
facing inward so that the operators work inside the 

w • 

The arrangement of equipment generally permits 
1 operator to attend all of the circuits. The tele¬ 
typewriters are all installed in a fairly small space, 
which permits 1 man to observe the incoming 
messages, and to operate the control boards, to 
start and stop the proper transmitter, and to relay„ 
messages as required. 

Radio Interference 

Establishment of teletypewriter stations along 
airways brought about the installation of teletype¬ 
writer equipment in the same room with, or in close 
proximity to, short-wave radio receivers; this in¬ 
troduced a problem in specific cases of radio inter¬ 
ference caused by teletypewriter operation. 

Remedial measures have been adopted effectively 
to reduce this interference and consist of the use of 
synchronous motors, rectifiers, and specially designed 
filters,. together with the locating of the apparatus 
and wiring in such a way as to effect a minimum 
coupling between the teletypewriter and its 
associated loop, and the radio antenna system. 

Conclusion 

• transportation in the past few years 

indicates that continued growth may be expected, 
particularly as hazards to flying are mitig ated and 
as safety and dependability are recognized by the 
public. The government is continuing the extension 
of airways, weather reporting, and other services; 
and air transport companies are progressing in the 
development of transport business. 

Fast and reliable communication service has 
proved to be the backbone of weather and position 
reporting, and has been a valuable aid in the handling 
of traffic and other matters relating to air transporta- 
?° n ’ ,Teletypewriter circuits used for land service 
have been found particularly suited to meeting the 
vancfus requirements involving simultaneous com- 
mumcatiop with many stations at remote di stan ces. 
Other wire communication services such as long 
distance telephone and commercial telegraph also 
k ave sided, particularly in rea ching points not 
served by teletypewriter circuits. It is expected 
that wire communication service will continue to 
be used extensively in connection with air trans¬ 
portation, and will be of considerable aid in its 
future development. 
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Stray Load Losses of a 
55,000-ICva.Generator 

Calorimeter tests on a 55,000-kva. hydror 
electric generator show that the difference 
between stray load losses measured under 
load conditions and those measured under 
short-circuit conditions is slight. The 
method used by the authors is said to be 
applicable in general to all large units 
where an enclosed system of ventilation 
is used. 


By 

G. D. FLOYD 

MEMBER A.I.E.E. 

J. R. DUNBAR 

MEMBER A.I.E.E. 


Hydro-Elec. Pwr. Comm, 
of Ontario, Toronto 


Canadian Westinghouse Co., 
Ltd., Hamilton, Ontario 


. , In ACCORDANCE with the A.I.E.E. 
standards, stray load losses of synchronous marliinra ^ 
are determined with low excitation and with the ma- 


calorimeter tests were made on one of the hydro- 
dectric generators at the Queenston station of the 
Hydro-Electric Power Commission of Ontario, 
Canada. The machine tested is the last one ‘in¬ 
stalled and is rated as follows: 55,000 kva., 80 per 
cent power factor, 12,000 volts, % three phase, 25 
cycles, 187.5 r.p.m. , The results showed but little 
difference between the losses measured on short 
circuit and those measured at rated load, the latter 
being slightly larger. 

Method op Testing 


In general the method followed in making the tests 
^as to operate the unit under several different condi¬ 
tions until the temperature of the cooling air, stator 
iron and stator copper became constant in each case; 
great care was taken to measure these quantities 
accurately, especially the temperature of cooling air. 
As the accuracy of these tests depends upon the 
accurate measurement of ingoing and "outgo ing air 
temperatures, high grade thermometers calibrated 
and graduated to 0.2 deg. cent, were used. For 
measuring the temperature of the outgoing air from 
the generator, ten of the thermometers were placed 
at the point where this air enters the cooler; ten 
thermometers also were used to ascertain the’tem¬ 
perature of the air at the point where it leaves the 
cooler. Other thermometers were used tb measure 
the temperature of the stator iron, the steel wall of 
the chamber enclosing the unit, the air outside this 
chamber, and the inlet air to the unit. To determine 
the temperature of the stator copper, thermocouples 
placed in the stator slots were used. Electrical 






Fig. 1 . Cross-sec¬ 
tion of 55/OOQrkva. 
generator for which 
stray load losses were 
determined; note 
completely closed 
ventilation system 



chines short-circuited. There is still some question, 
however, as to whether this gives a true measure of 
the stray load losses under load conditions. In order 
to obtain a comparison between these losses on short 
circuit and under rated load, a series of thermal or 

Based upon "Calorimeter Measurement of Stray-Load Losses of 55,000-Kva. 
Generator Havmg Enclosed System of Ventilation*’ (No. 31-426) 'presented at 
tne A.I.E.E. Pacific Coast convention, Lake Tahoe, Calif., Aug. 25-38, 1931. 
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readings of current, voltage, and power were talr^ri 
with portable meters of good accuracy. 

Four different tests were made as outlined in the 
following paragraphs: 

Test No. 1—Windage Toss 

Fortius test the unit was operated for 20y 2 hr. without excitation, 
starting with the machine hot. Temperature readings were taken 
during the first part of the run for a period of 5 hr.; at the end of 
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the run two additional readings were taken, these si vine- the tem 
perature nse due to the windage loss. * S tem ‘ 

Test No. 2—Core Toss 

r° d ° f 7 - 

Test No. 3—Short-Circuit Te'st 

On this test the unit was operated at its rated current of 2 650 

Sh ° rt circuit - In this test i?was found 
S? h i d th<r sta tor current constant on the unit, the exciter 
being a direct-connected shunt-wound machine; thus small varia- 
turas m speed caused corresponding variations in the excitation and 
in the short-circuit current. No special arrangements were made 
l°J° ntro1 tbe excitation of the unit; had this been done perhaps the 
accuracy of the test could have been increased a stnaij degree. 

• Test No. 4—Test at Rated Toad 

This test was made in two parts, (a) with a water rate nt win _„ i 
per min! through the cooler,. andUT^OO^fpS mta ttoSh 
the coolers, both tests were made at approximately rated load Tn 
ord^ to complete the test in a minimum timetoe^^iLh w^op^ated 
for 8 hr. at approximately rated load, during which time no tempera- 
ture readings were taken. The load then was set aSaSly ISSSZ 

con j? tl ®P s as cou / d be obtained and held, after which tem¬ 
perature readings were taken over a period of 3 hr at Vs-hr inter 

Sled to^vaTn^ this test - the wlter rate w^ad-' 

SuonalT/,^: 2® iS^S PeratUIe “ 

Results and Calculations 

The results of the four tests are shown in Figs. 2 to 
5, inclusive. Tests No. 2 and 4 are of particular 
interest. For Test No. 2, the results are quite con- 


along with tfie temperature of the unit itself; alsc 
that the air, iron, and copper temperatures arrive al 
a constant condition at the same time. 

Test No. 4 indicates the accuracy with which the 
temperature measurements were made, and the effect 
of changing the water rate through the coolers. It 
may.be noted from Fig. 5 that immediately following 

Tu er r t te ’ changes “ temperature 

defrSft 1 Tu h ’ a th °u gh ? ot ^ eAt > were quite 
definite. The curves show also that a period of 47, 

hr. was required to bring the unit back to new con¬ 
stant temperatures differing from the previous ones 
^?P ro ^ately 1V 2 deg. The temperature rise of 

w w£ nd the iron> however > were the same values 
lor both water rates. 

l 0 if d + 1( l SS i e i are detenn med by the difference 
between the total losses as calculated from the tem- 

perature nse of the air and the known losses. The 
metho d of determining these losses from the test re¬ 
sults is as follows: Temperature rise due to windage 

N^ y ?« the r T lts of Test No ‘ 17 while T ^t 

No. 2 gives the nse due to windage and core loss; 




Ti-me in Hpurs 

Fig. 3. Heating curves for core loss and windage 
test (No. 2) 


0 2 4 CT - a , 1 ™ 1 '' I 1 

TW in-H owt® 16 IS t0 

Fig. 2. Cooling curves for windage loss test (No. 1) 

indicate that the temperatures of the 
unit and the temperature rise of the air can he fannVi 

enrachf 7 ’ ir 0W T r ’ ^ test must be continued long 
enough to allow the temperatures of all parts of the 

madnne to reach a constant value. Itmaybenoted 

at the temperature of ingoing air to the 7 anit rises 


Terminal potential. 

Field current.... 

Collector ring potential. 


12,000 volts 
314 amperes 
98 volts 


the difference between these two values obviously 
gives the nse due to core loss only. Since the core 
loss is known from other tests, a constant K maybe 
• kilowatt loss per degree rise. 

With the aid of this constant, the loss for any other 
operating condition may be determined directly from 
the air nse. - 

These calculations involve the following tempera- 
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ture assumption : In an enclosed ventilating system 
where heat is being generated at a constant rate and 
the air is being cooled in coolers using a constant flow 
of water, the loss converted into heat is proportional 
to the temperature rise of the air, after all conditions 
have become constant. It is evident that the crux 
of the method is that all conditions must be constant. 
Among other things this requires that the humidity 
and barometric pressure must not change during any 
senes of tests. If the pressure were to,dr op appre¬ 
ciably, the constant K would be affected, and it 
would be necessary to repeat the windage and the 



Time in Hours 


Fig. 4 . Heating curves for short circuit tests (No. 3) 

Armature current..... 2,650 amperes 

Fie d current. ..... 320 amperes 

Collector ring potential._ 98 volts 


tions indicate that the radiation loss m ak es but a 
very small difference in the losses measured in this 
test, probably less than the experimental error as¬ 
sociated with the test itself. • 

Stray power losses determined from the short- 



(a) 

Water rate. 500 gal. per min. 

Armature current 2,580 amperes 

Terminal poten¬ 
tial. 12,070 volts 

Load.. 43,400 kw. 

Field current... 608 amperes 

Collector ring 
potential.... 229 volts 


(b) . 

400 gal. per min. 
2,610 amperes 

11,900 volts 
43,200 kw. 

612 amperes 

234 volts 


windage and core loss tests, in order to obtain reliable 
results; also, a constant K, determined under certain 
atmospheric conditions, obviously cannot be used 
with the results of tests under different atmospheric 
conditions. 

/ Tosses thus computed from these tests are shown 
in Table I. As a check on these results, losses com¬ 
puted from the heat absorbed by the cooling water 
are shown also in Table I. These figures are in re¬ 
markably close agreement when it is considered that 
the thermometers used in the cooling water were read 
to the nearest half degree only. 

As a further refinement an attempt" 1 was made 
during the various tests to determine the amount 
of heat lost from the shell surrounding the generator. 
Temperatures of the shell and of the surrounding air 
were determined and the radiation loss calculated f 
these values are shown also in Table I as are re¬ 
calculated values of the various losses taking ixitd ac¬ 
count these radiation losses;. These latter calcula- 


Table 1—Losses Computed From Test Results ' 



Computed Losses in Watts 


Test No. 

From Air 
Temperature 
Rise 

♦From Heat 
Absorbed by 
Cooling Water 

Radiation 

Losses 

Calculated 
Losses Allowing 
for Radiation 

1 ... 

..152. 


.o.. 

14ft 

2 ...• 

.......538._ 

. 475. 

.7 

535 . ' 

3 ... 



.4 . 

47ft 

4(a)... 



.16 

QR7 

(b)... 


.1,010..... 

.16.... 

.087 


* Thermometers accurate only'to 0.5 deg. cent. 


Table II—-Comparative Stray Load Losses for Short- 
Circuit and Rated-Load Tests 



Computed From Computed Losses 
Air Temperature With Allowance 
Test No. Rise (Watts) for Radiation (Watts) 


3 (short circuit)...108.104 

4 (rated load)..138.! 135 
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circuit (No. 3) and rated-load (No. 4) tests are shown 
for comparison in Table II; these are shown with and 

• without provision for radiation losses. 

• • 

Conclusions • 

Results of these* tests indicate.that for this particu¬ 
lar type of unit, the stray loacl losses under short 
circuit and at rated load are approximately equal. 
The stray load# losses are about 50 per cent of the 
stator copper loss at rated load. The results indicate 
also that if sufficient care is taken in measuring the 
temperatures, the stray load losses can be determined 
with fair accuracy on large units when an enclosed 
system of ventilation is used. The great drawback 


appears to be # the time necessary to make a complete 
series of tests, although it is possible that a compro¬ 
mise test over a short period of time could be made 
and the final temperature rise of the air determined 
by calculation. The results obtained by Taffoon 
and Calvert (A.I.E.E. Trans., v. 46, 1927, p. 84-98) 
frorq calorimeter tests on turbine-generators agree 
with the results of these tests in that the stray load 
losses under load conditions are shown to be slightly 
higherthan under short-circuit conditions. A logical 
conclusion seems to be then that if an accurate 
determination of the losses is required, a test under 
load conditions is justified; but for most purposes, 
a test under short-circuit conditions seems to be 
sufficient. 


w 

Characteristics of a 


his findings on the subject is Nottingham (Journal, 
Franklin Institute, v. 212, 1931, p. 271) who studied 
the grid and plate currents of these tubes chiefly 
_T L conditions prior to discharge. He found, as 

mercury y apor I Ube* be ex P ected > that before the cathode-to-anode 

" discharge takes place, the tube behaved as a gaseous 

• tnpde. From preliminary experiments it became 

evident that some interesting studies were possible 
by investigating the plate and grid currents under 
various conditions of discharge. Accordingly, a 
senes of tests was conducted using a typical mercury 
vapor tube of this type; the rLlts point”he 
following conclusions: 


Results of an investigation of the grid and 
plate currents in a grid-controlled mer¬ 
cury-vapor tube show that the direction 
of grid current in these tubes depends not 
only upon the instantaneous polarity of the 
grid, but also upon the magnitude of both 
the grid voltage and the plate current. It 
is shown also that inverse plate current flows 
whenever grid current is flowing during the 
negative half cycle of plate voltage. 

By 

A, c. SELETZKY $. T. SHEVKI 

ASSOCIATE A.I.E.E. NON-MEMBER ^ 

Bolh of Case School of Applied Science, Cleveland, Ohio 
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•NCREASING use of grid-contmllA^ 

* fiasufia: w 6 vz&iss&zz 

attention they deserve th.. i^v / received, tne 
grid currents, especially the latter Tl! ? la * e and 
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o’ oJw 1 !; in f ta “ t “ leou s direction of current flow in the grid circuit of 
• 5 n ^r con * ro ^ e d mercury-vapor tube depends not onlv unon th a 
instantaneous polarity of the grid »ith“S to thr^thodT but 

tt’p?a r S 1 e^nT Bnit “ de * ““ 

2 ‘a n?P 0 fi rid f une,lt , ma y consist of positive loops only, of positive 
no£n«ai 5 * g “ pon ^ th e magnitude of the effective grid 
» mSa?taae°u^ positive,elections when 

minethe^Su^nf cannot be used in the grid circuit to deter- 

has both pwitive?nd SgTtiVnoL\ he f Wave 2 encralI y 
these loon<? ato S&tivz loops, in the extreme case where 

although there might be atf P° uld in dicate zero current, 
magnitude flowing. S 6 a ternatmg current of considerable 

TO i tage - ** *****»' «« 

merely varying the gridvoltage!^ ^ ent raay be transposed by 

preset whSgrid current^ of miUia mperes always is 
half cycle of Sate voltaee concurrent with the negative 

negative half cycle oJ plate voSfi the during the 

of the rftercury vapor aUows z 5i ro 'lag of deionization 

plate voltage chanees lon f? atl< ? 11 to be present when the 

but not ^'^“nvUT^cuS'S. 117 *“■«. * mi "*"um. 

anS ft 

between the grid and plate voltages ™ ngular ^Placement 

*and c^S^^tiiode-^anode^dfdiih 11 sh ? ath that envelops the grid 
grid voltS^ bv ^ low alternating 

tie grid wh^ energy to entef 

consistent operation 4e SdV^™ ne ^t»ve potential. For 
should be several times the ^t^folte^Xtte^bi^ discharge 
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Fig. 1. Circuit dia¬ 
gram for determining 
characteristics of 
grid-controlled 
mercury-vapor tubes 


by a d’Arsonval instrmnedt I pi . By throwing 
switch S to the upper position, the positive loop of 
plate current was blocked by tube K, a two-element 
high-vacuum rectifier. Resistances of the grid and 
plate circuits were varied by variable resistors R g 
and Rp, respectively. # ^ 

In the oscillograms reproduced* it was thought 
more expedient to give the average and effective 
values of* grid currents in heu of placing current 
scales on the oscillograph traces themselves. Using 
a three-element oscillograph, two photographs for 
each condition were taken in order to include the 
four variables, grid voltage (PQ, grid current (/„), 
plate voltage (F p ), and plate current (/„); all four 
cpuantities have been shown together, however, by 
inking the wave of V p on the oscillograms showing 
the other three values. 


Test Procedure 

» 

The tube used for this investigation was a General 
Electric type FG-29, air-cooled thyratron, intended 
for use as a controlled rectifier. The cathode of 
this tube is of the uni-potential coated type, the 
heater of which requires a current of 12 amperes; 
this was supplied from a special filament transformer. 
The tube is designed for a ma ximum forward and 
inverse potential of 3,500 volts, and a maximum 
average plate current of 12.5 amperes. 

The circuit employed in the tests is shown in 
Fig. o l. The plate of the tube was energized from a 
110/1,100-volt transformer. Voltage for the grid, 
variable in magnitude and phase, was obtained by 
means of a potential divider R d which in turn was 
connected to one phase of a three-phase phase- 
shifter P . All tests were carried out at a frequency 
of 60 cycles and, unless otherwise stated, at an r.m.s. 
plate potential of 1,100 volts. 

For measuring average values of the grid and 
plate currents d’Arsonval meters I gl and I P1 were 
used; the effective value of the grid current was 
measured by a heater-thermocouple instrument 
A dynamometer voltmeter V„ was connected directly 
between grid and cathode to measure the grid 
voltage. Inverse plate currents were measured 


Grid Voltage in Phase With Plate Voltage 

When the grid voltage is in phase wfth the plate 
voltage and is sufficiently high to repel electrons 
when the grid is instantaneously negative, the grid 
current wave consists of positive loops extending 
over the positive half cycle of the grid voltage wave, 
JJnder these conditions the grid current follows the 
shape that would be expected from a two-electrode 
mercury-vapor valve, but its wave is modified 
considerably with very low grid potentials. The 
oscillogram in Fig. 2 shows that with V a = 5 volts 
(r.m.s.) the grid current is completely negative and 
exhibits two peaks. During the first portion of 
the positive half cycle of grid voltage, positive ions 
were able to enter the grid and thereby give rise to 
negative grid current; as the grid voltage reached 
its max im um positive value, the grid was able to 
repel the positive ions and attract electrons the net 
effect of which was to reduce the negative grid 
current to zero; however, as the grid voltage de¬ 
creased from its maximum positive, value, positive 
electrons again were able to enter the grid, thereby 
setting up another negative peak of grid current. 

An increase of 1 volt in V„ removes the second 
negative loop of I g shown in Fig. 2, and causes this 
portion of /, to become positive; this is demonstrated 
in Fig. 3, the plate current and grid resistance being 





5 volts (r.m.s.) 

100 milliamperes (avg.) 

100 ohms 

1,100 volts (r.m.sj) 

1.2 amperes (avg.) 


Fig. 3 (right) 

V ff = 6 volts (r.m.s.) 

;=5 0 (avg.) 

I, * 3 milliamperes (r.m.s.) 
R ff “100 ohms 
Vp = 1,100 volts (r.m.$.) 

Ip =1.2 amperes (avg.) 



Fig. 2 (left) and 3 (right). Voltage and current relations with plate and $nd voltages in phase 
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. maintained at the same values as in Fig. 2. It mav 

tha i f e increase “ V - fro “ 5 to 6* vote 

• tr a w d J h -t ^ t0 attract enou S h electrons, as V 

wclf to set “ a “ mum . vaI f s in its positive half 
cygie, to set up a positive loop of I a) the area r of 

whieh was equa^lto the area of the negative loop- 

thus the average grid current was zero, but the 

effective value was 3 milliamperes. As the grid 

“ d S, s „7‘& 

From the foregoing it would be expected that if 
the average value of grid current were plotted 
against grid voltage, the curve first should have 

poftete 6 V ThS’ to' “ r T r u itSeK and Iater become 
Sffmm m actuall y take s place may be 

seen from Fig. 4, where such curves have been drawn 

for three values of plate current with the plate and 
grid voltages in phase. From 0 to 3.75 volts the grid 

K tS u We * re *°° sma11 to sh ow on this plot but 

Nottingham °r; m "ft*** has he ™ describe'd by 
T ( 1 C ‘ ^ The cathode-to-anode dis- 

charge took place at 3.75 volts. At this point 
ionization caused by the flow of plate current furnished 
positive ions of sufficient velocity to enter tWrid 

arloflhen 6 T* ? 

di^a of the positive loop, as in Fig. 2. 

or a given grid voltage the average value of the 


negative grid r current depends upon the degree of 
ionization, i. e., upon the plate current; hence the 

of Sh ° WS g ? atest native value 

oi average grid current, and the 10 milliamnerp 

Ssfeofof ^^d voltage is inSed 
tne positive loop of grid current also increases and 

the negative loops decrease, causing the curves to 
attain a negative maximum and return to zero All 

^ UrVe l Cr0SS ^ zero axi * m th^regioTwhere 
the grid voltage equals from 6.5 to 7 volts; this is 
the region where the positive loop of grid current i<? 
equal to the negative loop as in Fig. 3. The positive 
loop of grid current increases also with ionization- 
hence above the zero axis the three curverik above 
each other m the order of magnitude of their corre 
spondmg plate currents because the positive toap 

rith U £id Pkte CU " rent as weU 

disapp^ar^Thm 1 ^’ ^ negative loo P s finally 
aisappear. Thus the curves cross as they intersect 

the zero axis and reverse in order. Y 

* 

Grid Voltage Leading Plate Voltage 
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Fig. 4. Grid volt¬ 
age-current relations 
with grid and plate 
voltages in phase 

y p =s 1,100 volts 
Ko =100 ohms 


R.M.S. GRID VOLTS 


When the grid voltage leads the plate voltage the 
£;d_' s Positive before the tube begins to discharge. 

fed£h^-rinv d J 0 v age - beCOmeS ne ? ative ' the tube 
is discharging, positive ions are available, and hence 

Kv I toe ° f -F ld u CUrre - nt becomes negative. In 
ig. 5 the grid voltage is shown leading the nlate 

voltage by 90 deg. Grid current starts flowing when 

Sd ^l b f COmeS P °l tiv 5' then rises to a maximum, 
a.nd falls to zero with the grid voltage. When the 

®P d voltage becomes negative, the tube is still'dis- 

Th«?^J? d beDCe StiU ? eneratin g positive ions, 
hese positive ions enter the negative grid forming 

a negative loop of grid current which increases^ith 
the instantaneous value of grid voltage: this increase 
^nrinues until the plate crnrent is deduced to ze^ 
when the source of positive ions disappears. At 
this point the negative grid current fall?rapidly to 
zero and remains so Until the grid voltage becomes 

?to* follo ™S c y cIe - Thus, while 
the first half of the positive loop of grid current 

occurs before the tube discharges, the entire negative 

loop occurs while the plate current is flowing. From 



Fig. 5. (Left) Voltage and cur¬ 
rent relations with the grid voltage 
leading the plate voltage by 90 deg. 

y. 


y. 


40 volts (r.m.s.) 

275 milliamperes (avg.) 
600 milliamperes (r.m.s.) 
100 ohms 
1,100 volts (r.m.s.) 

4 amperes (avg.) 
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Fig, 6. (Right)Grid voltage-current 
relations with the grid voltage lead¬ 
ing the plate voltage by 90 deg. 

Vp = 1,100 .volts; R, = 100 ohms 
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Fig. 7 (left) 


30 volts (r.m.s.) 

165 milliamperes (avg.) 
220 milliamperes (r.m.s.) 
100 ohms * 

1,100 volts (r.m.s.) 

1.5 amperes (avg.) 


Fig. 8 (right) 


6 volts (r.m.s.) 

6 milliamperes (avg.) 
100 ohms* 

1,100 volts (r.m.s.) 

1.2 amperes (avg.) 



Fig. 7 (left) and 8 (right). Voltage and current relations with the grid voltage lagging the plate voltage by 90 deg. 


this it would be expected that with a decrease in 
** grid voltage the negative loop would grow faster 
than the positive loop. 

If the grid voltage be reduced to small values, the 
negative loop of grid current decreases more slowly 
than the positive loop, and the average grid current 
becomes negative. Variation of the average grid 
current with grid voltage, with the grid voltage lead¬ 
ing the plate voltage by 90 deg., is shown in Fig, 6. 
Shapes of the curves are similar to those obtained 
with grid and plate voltages in phase, with the excep¬ 
tion that the curves do not cross each other and re¬ 
verse their order as they intersect the zero axis (see 
Fig. 4). From 0 to 3.75 volts the grid currents 
were too small to plot, as in Fig. 4. At 3.75 volts, 
the tube discharged and the grid currents became 
negative, the negative values for a fixed grid voltage 
increasing with the plate current. This is due to 
the negative loop of grid current increasing with the 
increase in ionization afforded by the increase in 
plate current. As the grid voltage increases, the 
curves attain their negative maxima and return to 
zero in the interval where the grid voltage equals 
from 9 to 12 volts. Above the zero axis, the curves 
for the lower plate currents assume higher positions, 
i. e., for a fixed grid voltage the average value of grid 
current decreases with plate current; the loops of 
negative grid current increase with plate current. 
At the same time, a large portion of the positive grid 
current flow occurs before the tube discharges. The 
result of this is that with increase in plate current 
for a given grid voltage the negative portion of grid 
current grows more rapidly than the positive portion, 
and the average grid current decreases with an in¬ 
crease in plate current. For this reason the curves 

do not reverse their order as they cross the zero axis. 

« * 

Grid Voltage Lagging Plate Voltage 

Behavior of the grid current when the grid voltage 
lags the plate voltage by 90 deg. is shown in the two 
oscillograms reproduced as Figs. 7 and 8. In Fig. 7 m 
V g was maintained at 30 volts. During the nega¬ 
tive loop of grid voltage, no plate current flows 
because no positive ions are present and the grid 
current is zero. When the grid becomes positive, 


a positive grid current begins to flow increasing to a 
maximum value, then decreasing gradually to zero 
after the grid voltage has become zero. The dis¬ 
charge has ceased since the plate voltage has become 
negative; thus there is no source of positive ions for 
the negative grid and accordingly the grid current 
••re m ains at zero until the grid becomes positive in 
the next cycle. 

If the grid voltage be reduced to a much lower 
value than in Fig. 7, the positive loop of grid current 
will be found to shift its position from the .second 
quarter cycle (counting from the instant when the 
plate voltage becomes positive) to the first quarter 
cycle. An oscillogram for this condition is presented 
m Fig. 8, where V g was reduced to 6 volts. Com¬ 
paring Figs. 7 and 8, the positive loop of grid current 
apparently has shifted from the quarter-cycle during 
which the tube discharges, to the quarter-cycle of 
positive plate voltage during which there is no dis¬ 
charge. In Fig. 8, although the grid voltage is low, 
no electrons enter the grid by virtue of their veloci¬ 
ties during the fourth quarter-cycle when the grid 
is negative, because of the negative potential of the 
plate. During the first quarter-cycle, however, the 
plate voltage is positive and electrons coming‘from 
the cathode are able to impinge upon the grid al¬ 
though the grid is at a negative potential with re¬ 
spect to the cathode; thus a positive loop of grid 
current is formed during the first quarter-cycle. 
The total current produced by electron emis sion 
from the cathode entering the grid is small compared 
with the ionization available for producing grid 
currents when the tube is discharging. Accordingly, 
the magnitude of the positive loop of grid current 
for a grid potential of 5 volts is small compared with 
that for a grid potential of 30 volts, the average 
grid currents in the two cases being 5 and 165 
milliamperes, respectively. 

Referring to Fig. 8 again, when the grid voltage 
becomes positive and discharge begins, the resultant 
ionization produces positive ions of sufficient velocity 
to enter the grid, although the grid is at a low posi¬ 
tive potential and is receiving electrons from the 
filament. The net result is that the grid current is 
reduced to zero and remains so until the plate voltage 
becomes positive in the following cycle; If the 
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voltage of the grid was lowered still further, the arid 

* k” 6 ? m ^e second quarter cycle would not only 

’ ±f* dUCed , t0 t zero / but would be ^Pressed to a 
negative value by the positive ions generated by the 
p|?tte current. J 

Inverse Plate Current • 

,jyj leni :'' er tbe Sjid voltage either lags or leads the 
plate voltage, gnd current flows during part of the 
negative haK cycle of the plate voltage; when the 

Ieads , the P^te voltage, the initial 
portion of the gnd current flow occurs when the 

Fhft.r V k lge „’ S negative ! when the grid Voltage lags 
*e Plate voltage, gnd current is flowing when the 
plate .voltage changes from positive to negative 
Whenever gnd current is flowing, positive ions are 
mailable because of ionization of the mercury vapor 
whenever grid current is concurrent with 

shfnMih Pkt? V0 J tag ~? n «gative loop of plate current 
f ° u ? d be P resent -. The oscillograms presented thus 

t S°£ “° n , eg - tlVe loo P s of P late current because 
of the disparity m magnitudes between the positive 
l 1 °°P s ,f n . d tie. negative loops, the latter of which 
have their origin in the comparatively small amount 
of ionization afforded by the grid current 

the phase displaceniem be“the plate' 

cim*p?t d fl V,pltage ? 1S 17 u deg *’ a P° sitive loop of grid 
current flows when the plate voltage is negative* 

this cendition is illustrated in Fig. 9 where the 

55?j age ValU t of P late current was reduced to 13 
milliamperes by plate circuit resistance to bring out 
the negative loop more prominently. With fixed 
plate voltage, the magnitude of inverse plate current 


hkewise to prevent positive ions from entering the 

lt “ P° sltlve » the grid current follows the 

thJt a certain Ia ff* From this it follows 

that with a constant average grid current, maintained 

by adjustment of gnd voltage, the variation of in¬ 
verse plate current with phase displacement between 

g ^ ld * P late volta ges should be approximately 
sinusoidal. In Fig. IQ are plotted values of negative 

md and^^T 1 an | llla r displacement between 
f!l d „ d volta g es , three constant values of 
average gnd current. These curves follow quite 
close y the form A + B cos (6- a ) where 6 is the 

vo W, dls P la . c , ement between the grid and plate 
voltages a is the angular displacement between the 

vo }}^ and current, and A and B are constants 
Sinusoidal vanations computed on the basis of 
maximum values of the observed currents cdncide 




Lid 
CC* 

u 

z 0.2 


mmuuBV KM 


Fig. 10 * Inverse plate current as a function of phase 
displacement between grid and plate voltages . 



S ^experimental curves obtained, except for a 

short section of the curve for an average grid current 

of 0.2 ampere; that portion of the computed curve 

which deviates is shown by a broken line. Data for 
these rtirvpc _-u__ . . . - LJcLliL ior 


Fl ?! 9 * . V ° lta 3 e and current relations with the grid 

voltage leading the plate voltage by 175 deg. Note 

inverse plate current 


60 volts (r.m.s.) 
V^volfc (r.m.s.) 

/vQ milliamperes (avg.) 
17 milliamperes (avg.; 
50 ohms 


gassstssi 

frnpmgmg upon the grid when it is negaC aa d 
504 ’ 


l r of plate current bftuiTfnT “Xg Z 
average values of inverse current on milliammeter 

volts (rL P i 5°? ntIal was maintained at 1,100 

the inwSe i a + nd 016 plate arcuit resistance when 
the mverse plate current was flowing was the Dlate 

rl anC -/ f tUbe *• a ^ KM-l kenotron 
t e. rb ®,5 nd current in the mverse current tests lagged 

ttis It would-be ty ap P“tely 40 deg.; from 
uus it would be expected that the inverse nlate 

p™ti“ e be at .J :ts maximum value when P the 
; 00I) gnd cu rrent coincides with the 

40 S d£r Ve Th?s° f ^ 7 0l u age i aat at 180 deg. + 
4U deg. This is seen to be the case in Fig 10 In 

3S. * e f minimum value oKr “plate 

anetefbr d d & T t !S, 0 ' de S- Point by the iame 
jj££f ^Placement. There is no null value of 

p H te curre nt because when the positive 

poative S teno CUr f en t ; I s co “ ta “ ed wholly within the 

p ¥ e . voltage the plate becomes 
negative before deionization is complete* hence 

•Sdmum Tf s r ce 0f positive ions wMch yields a 

ratd: tha b t U potet “ r0 Val " e ° f negartive P late om- 

wh^^“?®T? may be seen that no matter 
n .e phav displacement between the grid and 

Electrical Engineering 





plate voltages may be, an inverse plate current 
always is present. Its minimum value is determined 
by the quantity of positive ions remaining, due to 
lag in deionization, when the’plate potential re¬ 
verses; its maximum value is determined by the 
magnitude of grid current flowing when the plate 
voltage is negative. 


• 

Two tubes of the same type were studied and only 
slight variations of magnitude in the phenomena 
described were observed. Because the number of 
tujpes was limited to two, the characteristics pre¬ 
sented are not set forth as average characteristics* of 
grid-controlled mercury-vapor tuftSs, but merely *as 
typical of this particular type of tube. 
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Insulator Performance 

Studied by Flashover Tests 

.m 

Many factors affect the flashover characteristics of porcelain insulators,- 
these characteristics in turn have a direct bearing upon insulator design and 
upon the choice of proper insulation for any particular purpose. In the 
following group of three articles by representatives of three of the leading 
insulator manufacturers, results of investigations made in this field by these* 
manufacturers are given. In the past, many of the data for comparable • 
insulators from different sources seemed conflicting. In these articles, 
however, reasonably careful study will reveal many points of agreement^ 
when the results are reduced to a comparable basis. The first two articles 
deal with the effect of various factors on insulator sparkover characteristics; 
the third article deals with the flashover characteristics of suspension in¬ 
sulators, and also contains data relating to the cost and selection of eco¬ 
nomical suspension insulator assemblies. 


I—Insulator Arcovers 

Versus Size and Humidity 


By 

H.A. FREY 

ASSOCIATE A.I.E.E. 

K. A. HAWLEY 

MEMBER A.I.E.E. 


Both of the 
.Locke Insulator Corp., 
Baltimore, Md. 


subject, a study has been made to establish rules 
whereby such characteristics can be estimated from 
the dimensions of the insulators with a reasonable 
degree of certainty. Variations in the arcover po¬ 
tential of dry insulators due to the influence of 
humidity changes also are considered and approxi¬ 
mate correction ratios given. 

Conclusions of the study are based upon an exten¬ 
sive series Of tests made in the high voltage labora¬ 
tory of the Locke Insulator Corporation at Baltimore, 
Md. Throughout the tests all voltage measurements 
were made as prescribed in the AJ.E.E. Standards. 
All tests were made at a frequency of 60 cycles. 


DaTA covering the electrical char¬ 
acteristics of comparable insulators as received from 
different sources frequently are conflicting. In an 
attempt to clarify some aspects of this; controversial 

Based upon "Normal Frequency Arcover Values of Insulators as Affected by 
Ske and Humidity” (No. 32-62) presented at the AJ.E.E. Great Lakes District 
meeting, Milwaukee, Wis., March 14-16, 1932. 

* • 
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Suspension Insulators 

Tests were made on suspension insulators of both 
the cemented and Hewlett types, with unit spacings 
of from 4 8 /4 to 7 in. and with diameters ranging from 
10 to 12 in. It was found that within these dimen¬ 
sion limits the flashover voltages of all insulators 
when dry fell upon one curve when plotted against 
actual arcing distance, the shortest air path between 
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Fig. 2. (Right) 
Flashover character¬ 
istics of high-strength 
insulators 
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electrodes, flashover for voltages for wet insulators 
when so plotted showed some variation depending 1 
upon the design of the insulator. The curves of 
figs. 1 and 2 show the dry and wet values for ce¬ 
mented type insulators plotted against actual arcing 
d^tance. Flashover voltages for dry insulators are 
affected by the proximity of grounded objects. This, 
is shown by the double graph at the upper end of the* 
dry curves^ the upper graph being obtained with 
clearances at least twice the length of the insulator 
string, * 

For design purposes it is most usual to plot flash- 
over voltages for wet insulators as a function of the 
wet staking distance or the summation of the air gap 
distances beneath the insulator, assuming that the 
wetted surfaces above are short-circuited out by the 
water film. A satisfactory check is so obtained as 
shown by Fig. 3. Expected arcover potentials for 
dry and wet suspension insulator assemblies are given 
m Figs. 4 and 5, plotted as a function of the number 

and 1 2 ltS m ^ ‘ 8tnn ^ and emulated from Figs. 1 

Standard- and high-strength cemented insulators 
^ anchor position at an angle of 
about 10 deg. from the horizontal. Arcover voltages 

? bt "° r h A ^- 6ry and wet conditions are shown 
m Figs 4 arid 5 in comparison with corresponding 
values for the vertical assemblies. The “dry” arc 

2 y alu , e , s materially lower for the horizontal 
than for the vertical position; “wet” values how- 

vertirflf 6 “tt? bi ^ ler fQr ^ horizontal than for the 

Th^^ d + Tlu - 1S when the entire surface of 

the insulator is uniformly wetted, a better voltage 

a b ^ween insulator units is obtained with the 
J? lta p Hecessary to cause break- 
w + T u wet , values for the horizontal strings 
are actually equal to, and in some cases with long 

potion. g than the “ dry,, values for ^ie same 

Most of the tests in the horizontal were made with- 

righi Sf+ l0 -f P u ? der 1 the stri *S or a conductor at 

Insulators m the horizontal posi¬ 
tion with the conductor at right angles showed drv 

° btaWed f0r ^ vertical 
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Fig. 3. Flashover char- 2 
acteristics of all- fif- 
cemented suspension | 
insulators when wet 1 
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Pin Insulators 

Standard pin insulators show fairly uniform arc¬ 
s' 761 ; voltages m proportion to the distance between 

^ **■ Sh0Wn “ Fi S- 6- The smaU contact 
, . ^J e upon the porcelain causes heavy di¬ 

electric flux concentration on the tie wires, with re¬ 
sultant active corona streamer formation at voltages 
near arcover. Because of the erratic action of these 
streamers, observed data show the least uniformity of 
an y the types of insulator tested. 

It is interesting to note that more consistent com- 
paxisons of data for wet pin insulators are obtained on 
ttie bas^g of total striking distance rather than wet 
trikmg distance. The low sparkover voltages for 
the small one-piece insulators when wet are due to 

Sstoce 6 pr0p0rti0n of netted surface to total striking 

Outdoor Apparatus Insulators 

o ? u 1 5 d00 ^ apparatus insulators are pin types modi¬ 
fied by adding cemented-on caps for attachments. 
In comparison with pin types these insulators show 
less variation between individual observations. This 
is brought about by the greater contact area of the 
^cap, which causes less flux concentration and less 
corona streamer formation at voltages below flash- 

F i g * 7 shown flashpver voltages of single and 
multiple umt msulators when both dry and wet ; in 

Electrical Engineering 




both cases the results are plotted against actual 
arcing distance. As is shown, however, data for the 
wet condition are far more consistent when plotted 
against wet striking distance. » 

Equipment Bushings 

Performance of solid porcelain equipment bushings 
(not oil filled) is shown in Fig. 8 for ratings from 7.5 
to 69 kv. The field established about, the Bushing 
determines its arcover potential when dry. In tests 
of this nature it is important that the conductor be in 
place inside the insulator as it will be in service, since 
much higher values are obtained without it. When 
the bushings are wet the arcover potentials are the 
breakdown voltages for the water film on the sur¬ 
faces; for the larger bushings the values are higher 
when the insulator is wet than when dry. 

Humidity Effects 

The effect of humidity upon the dry arcover volt¬ 
ages of insulators may be compared on several differ¬ 
ent bases as follows: 

1. By a comparison of flashover values on the basis of per cent 
humidity. This is not satisfactory, for it alone does not account 
for the total quantity of water in the air. 


2. By a comparison on the basis of'absolute humidity or mass of 
water per unit of air volume. This method may be satisfactory, 
but does not account for the molecular activity of the water. 

3. By a comparison of flashover on the basis of water vapor pressure 

in some convenient units such as inches of mercury in the barometric 
method. This accounts not only for the number of water molecules 
present, but for their velocity as well. » 

* • 

Throughout the common range 6f temperature the 
numerical difference between vapor pressure (ex¬ 
pressed in manometric inches of mercury) and abso¬ 
lute humidity (expressed in grains per cubic foot) is 
so slight as to make no practical difference as to 
which is used as the basis. Water vapor pressure as 
the standard is recommended by the A.I.E.E. Stand¬ 
ards (41-100); hence all observations in this portion 
t>f the investigation have been compared upon this 
basis. 

Effects of humidity upon the dry flashover of 
standard suspension insulators are shown in Fig. 9. 
By plotting on semi-logarithmic paper equal ordinate 
distances give equal percentage variations. Thus it 
is easy to compare percentage corrections for different 
strings and percentage variations from the average of 
individual observations. The slope of all these aver¬ 
age graphs is practically the same. When referred to 
100 per cent at the standard water vapor pressure, 

# 0.608 in. of mercury the correction at 0.2 in. of mer¬ 
cury is — 8 per cent; the correction factor, therefore, 



Fig. 4. (Left) Flash- 
over characteristics of 
insulator assemblies 
made up of 10-in. 
standard-strength units, 
spaced 5 s /« in. apart 
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Fig. 6. (Left) Flashover 
characteristics of pin 
insulators 
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Fig. 7. (Right) Flash- 
over characteristics of 
outdoor apparatus in¬ 
sulators 
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Fig. 5. (Right) Flash- 
over characteristics of 
suspension insulator 
assemblies made up of 
10-in. standard-strength 
units, spaced 15Vs in. 
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minus 5 per cent from the curve of averages P It fbl- C^nir^ UP ^ dutdoor apparatus insulators 

saWMsi “SSSX^tas 

4S “ ’ U ' I " , *“' , “" l “»> »■■ <* ™»"SSX < .'2£“ 

affects of humidity on fiashovers of typical pin hXXX ““ 1the correction for humidity is 8 per cent 

insulators are shown in Fig. 10 . Only oneSdator !?P° r pressures of 0.2 and 0.608 in of 

IX e -‘;i yp® was tes J ed ; thus the variations shown less than fX-XST 88 f ° r sus P ension insulators, but 
are not due to manufacturing variations in difi 'rXt Ies | ““ for P“ types. 

tXlXXXb' The ind ™ dual observations may be seen va^XhiXX X po f celain equipment bushings with 
to he within an envelope of plus or minus 6 per cent. nSuX* numidity also was investigated. The hu- 

TWflriaX sanation of any type of insulator tested.’ SfsameXsfSTl/ bushin P was fo “nd to be 
The variation in flashover of all insulators between f aU otIiers except the pin types. 

apo ^ Pressures of 0.2 and 0.608 in. of mercurv is uw. o 
about 12 per cent. Frequently in testing at standard Efeect of Surface Conditions 
temperature with a relative humi®7fbove fiS ner T 

cent, erratic-performance and marked fall in i l ash X e ? 0Id to determine how the above rules for 

over voltage was observed. A typical^aLw S?£ ator flashover “fcbt be affected by stride com 
tnis is shown for the 27-kv. insulator. Such behavior Xriod S ’ r epresel } tatlve insulators were exposed for a ’ 
IS believed to be dueto the formation of ..SSE 

ax>r—_ th ® sorfaces of these tasulators were tlSX 

. oughly covered with a dirt deposit consisting largeTy 
of carbonaceous material mixed with a certain 

° f Cla ^ dust 811(1 ordin ary floor dirt Due to 
the baking action of the heat from the ldlns the coat? 

mg was rather hard. Other insulators of exactly the 
same type were thoroughly coated with a salt crust 
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Fig. I (Left) Flashover 
characteristics of solid type 
equipment insulator bushings 
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F| S. 9. (Right) Effect of 
humidity on the flashover 
voltage of standard suspen¬ 
sion insulators 
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Table l-FI«fcover Vohy of Dirty and Sah-Ceated 


Condition 


3 S-kv „„ 0ne Unlt Three Units 


Dry, clean, 65% Humidity..... ,o ft 
D17. salt-coated, 79% Humidity.'.' fl? 

rlZ’ M% 1 112 


....204 


Wet, salt-coated...... 

Wet, dirty.......... X * 

In steam fog, clean....' X 

In steam fog, salt-coated. 
In steam fog, dirty.. 


...34-63. 


•52-80... 

•67-74... 

• 74.6.. 

• 34 ... 
68 ... 


..27-44 
. .36-63 
• • 33 ... 
.,..28 
.. 32.5. 


'V a ' VATOR PRESSURE,NCHEsVSeRC^ “ 

O-OBSERVATIONS AT 77 »F. 

X ~ “ ABOVE 77 °F. 

^■ssis -* 

• and 4^ Xl!?? u the ? T*® flashed over, first dean 
coated^iid*l“ J T C °f ted and <hy ’ 30,1 finally dirt- 

■ass £JBsrsxz& £lt- 

V s -' 

Shown in Table I. ' S typical results are 

a noted ^at there is but little reduction in 
Drv volta S eof the insulators when dirty 

Dry tests on the salt-coated insulators were madf £ 
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Fig. 10. (Left) Effect of 
humidity on the flashover 
voltage of pin insulators 
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JFig. 11. (Right) Flashover 
voltages of dirty insulators 
as a function of humidity 
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Certain points on each of the curves of Fig. 11 fall 
materially below the average. The low values did 
not occur toward the end of the exposure period as 
two humidity conditions. The first group of tests would be expected if they were due to an increase in 
yielding the higher values in the tabulation was made dirt accumulation with time. In fact the reading 
at approximately 77 deg. fahr. dry bulb temperature, taken at the end-of the year lies on the curve very 
65 per cent relative humidity. The second group of nicely at 0.659 in. of mercury vapor pressure. The 
tests made at approximately the same temperature group of low values recorded at 0.235 in. vapor pres- 


Table II—General Summary of Test Data 


Insulator Type 


Dry Flashover 
Kv. per In. of 
Arcing Distance 


Wet Flashover 
Kv. per In. of 
Arcing Distance 


Wet Flashover 
Kv. per In. of Wet 
Striking Distance 


Humidity Correction 
per 0.1 In. Mercury, 
Water and Vapor 
^Pressure 


Suspension (up to 100-in. string length) 

Standard cemented...10.5 to 9 

High-strength cemented.10.5 to 9 .. 

• ’ Hewlett flat disk.10.5 to 9 .. 

Hewlett fish toil.10.5 to 9 .. 

Pin Types 

Small one piece.... 14 

Multi-part...14 to 11.4 .. 

Apparatus insulators.11 to 7.3 .. 

Equipment Bushings * 

Solid type with insulated conductor.13.6 to 6.75. 

Solid type with bare conductor.12.4 to 6.1.. 


.7 to 6.8...2% 

.7 to 6.3.14 to 10.6 

.7.5 

.6.5 


•7.0 ....3% 

• 8.9 .Erratic . .....3% 

.8 to 5.7.13 to 10.4.2%. 

Erratic 

•8-3 ... 2 % 

.8.3 


Where two figures are given above the first applies to small insulators, and the second to the largest with fairly uniform steps between, except where noted as erratic. 


and at 79 per cent relative humidity gave flashover 
values materially lower, probably due to the absorp¬ 
tion of moisture by the salt. At the lower humidity 
the dry flashover voltage of the salted insulators is 
nearly the same as that of clean insulators. 

When subjected to artificial fog the salt-coated 
insulators showed in most cases a decided decline in 
flashover voltage; the flashover voltage of dirt-coated 
insulators under fog conditions also was decreased but 
not so severely. 

In a further effort to study the effect of surface 
conditions on the flashover of insulators, other insu¬ 
lators were hung on the roof of the laboratory for a 
period of one year, each insulator being flashed over 
approximately once a month. Since the laboratory 
is situated in a heavy industrial district the insulators 
were subjected to soft coal smoke and industrial gas 
fumes. All flashover measurements were made at a 
time when the insulators apparently were thoroughly 
dry. These tests were made, of course, at such 
humidity and temperature as happened to exist at 
the time. Results are plotted in Fig. 11. It may be 
noted that the curves are identical with those of 
Figs. 9 and 10. 

July 1932 


sure occurred after the third month of exposure. The 
low values shown at 0.292 and 0.314 in. vapor pressure 
occurred, respectively, after seven months and two 
months. It is believed that in these cases tlie dirt 
film on the surface was slightly moistened. Since 
most of the tests were made in the morning it is quite 
possible that in these cases there was still a small 
amount of invisible dew remaining on the surface of 
the insulators. 

Agreement between the curves in Figs. 9 and 10 
and those in Fig. 11 is interesting especially in view 
of the temperature variation in the latter tests. The 
highest temperature recorded during the time of ex¬ 
posure was 82 deg. fahr., occurring at the time of the 
first observation after zero time of exposure; the 
lowest temperature recorded was 27 deg. fahr., occur¬ 
ring at the test after the fourth month of exposure. 

Conclusions 

Relations found between arcing distance and in¬ 
sulator flashover and between humidity and insu¬ 
lator flashover are indicated in the foregoing 
curves and have been summarized in Table II; 
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the following conclusions seem justified: 

*1 A J. 1. » 1 « . 4 


• .saSsSSUSSiS^^ti 

surface of the insulators P ecipitatlon of a fine mojsture film on the 

SSaSSrTI-ss: 

per cent remains in s ?mT^'es about plus or 5 

* re to'dry, dirty 

over D T?to2 ‘Sff S ” rf f e ? onIy lowers the flash- 

st^ssSr of 

^asairsasK 


l^irV rKF ,fJ ^c nd " identical condiSons in so 
foU ? A j E \ specifications are concerned often 

^i°^° dUCe ldentical ^sults. For the most part 

humirlftf erence + s cap be attrf buted to the effect 5 

«» on the 
ects of these factors are presented in this article. 


Humidity 


II Factors Affecting 
Insulator Sparkover 


By 

* W. L. LLOYD, JR. 

MEMBER A.I.E.E. 


General Elec. Co., 
Pittsfield, Mass. 
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and strength nf t? ILE - the mecilanic a> properties 
ana strength ot the various parts entering intr. 

design pf a modem transmission system are^quite well 

I™:V he ekctrical ^aracterfetiosT4e v a „W 

parts often are not so definitely understood Thio • 
true particularly of the dectricT^ti'es Ifthe 
insulating parts, including the line Ld P Sation 
£t™ agings used ? in tS^ 

stre^wl 816 P resented ^ta on the sp^kover 

SaSris ssksb£F* 
Ws£S?£^“iS= 

S '£S 

r* rft 

SaSSSSS^ 4 ^' 

change in air density this ho¥d^ POr V° n ?* to tbe 
cycle and Umt,*’. tais holds true for both 60- 

over voltages. All spark- 

air density of 5 have been corrected to an 

mined in tteeffi*^ comection factors: deter- 


Hflcftil saw*. •!<»_ . - >- - . . •- .1 ■ —_:_ ^ 


Bas^T- - A w ^ aittUC IH 

Used on ffiglf Vrtto«T^ Ct ° rS ^ fiF | cting the Spatkover Voltage of 

at a .i.b,. <** Lk» 
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^de at approximately the same temperature The 
effect of humidity then would be indiratevJ hv „w 

aS^ftssisSS 

SaEass 

Jst£ssussr* ,i w s 

relative' “i? £??** $£ been expressed » 
true effect- be ?^ dlfficult to interpretits 

ftS £&$££ 

££? 

dav tndoi j nmidity conditions occurring from 

“ Sh? i padng ? ■* sh 0W ;“ s S1 ^ 

certS, ls , shc T effect of humidity on 
iS^ofr pedestal insulators and a large pin 

.„. T ? e spb ere-gap appears to be practicallv inde 
pendm^hmmdityeffeete. Thisg"L?t 

T hes e late are" ’ as may be seen from Fig. 16. 
thelffectoftomMiff ee T It ^ preVious data on 
needles^* In pIf^ fce «? 

3 >al d°d er V ° ltag * 38 >- function of 
rndteSSh^' * standard needle-gap curve also is 

It m ay b$ noted that several of tho 
sparkover curves for insulators indicate a loy^^f 
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the voltage sparkover for absolute humidities above phere. at these high absolute (and generally relative) 
approximately 9 or 10 grains per cu. ft. That this is humidities, and not an effect in the air-gap, is indi- 
an effect of surface moisture or condensation on the cated by the absence of this effect in the curves for 
porcelain surfaces of water vapQr from the atmos- the needle-gap and sphere-gap, particularly the 
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Figs. 12,13, and 14. Effect of humidity on the 60-cycle sparkover of suspension insulators 
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Fig. 15. Effect of humidity on the 60- 
cycle sparkover of pin and pedestal 
insulators 
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Fig. 18. Effect of humidity on the 

60-cycle sparkover of suspension o 12 345 6 7 e 9 10 ^ „ 

insulators showing influence of con- ™ T* water resistance in thousands of ohms per cm 3 

densed moisture on surface of insu- Fig. 19. Effect of rain on the 60-cyde Fig SO. Effect of water resistance on the 
lators at high humidity sparkover of suapcsision insulators we t ,p„kover 0 | suspension insulators 

10-in. standard-duty units, 5 Win. spacing 10-in. standard-duty units, 5 Win. spacing : and bushings at 60 cycles 
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f 0l s? er - 0 This conclusion is indicated also by the data 

W X * 8 W w 6 tests we T e P ade on chilled and slightly 
* msulators * It . 1S indicated also by the diffi^ 

* experienced when tests on insulators 

at tugh humidities show a constantly rising sparkover 
v^e in repealed tests. The surface moistureT 
s ults in low sparkover voltage in the initial test- 
repeated sparkovers remove this Surface moisture and 
the insulator gradually acquires the higher sparkover 

oueX 5?“?*** fr ° m the h ^idity. 

u f r nt ^- thl8 ^crease continues for 25 or more tests 
uppe*r value Park ° Ver V ° ltage becolnes constant at the 

Smoke, Atmospheric Moisture, and 
Surface Dirt and Moisture 

mir +S 5 portion the investigation 60-cycle spark- 
over tests were made on 10-in. standard dutv susnen- 
sion insulators with 5y 4 -in. spacing in atmospheres of 
smoke, steam* dew, fog, rain, and on insulators coated 
witii surface dirt and moisture. Results of these 
tests are shown in Figs. 19, 20, and 21. 

Results of tests made under dry, light rain and 
heavy rain conditions are shown in Fig. 19; these are 
for insulators in a vertical position. Rain tests with 

toweringnf°+T, m * borizontal Position indicate no* 
lowenng of the sparkover potentials with the rain 

directed either at right angles to the string, oreithe? 
^ 0m + 0 - r towa *d the line end at an angle of 45 deg to 
the string, and at 45 deg. from the vertical in aliases 
?. n , a b £ montal string, rain improves the voltage 
distribution along the string sufficiently to raise the 
ram sparkover potentials to that of thedry. In the 

b^.li C r^ P +V ltlC ff ^ 6 along the vertical axis over- 

i thls T eff cc t and actually lowers the sparkover 
potentials. In Fig. 20 are shown the variations of 
sparkover voltage with resistivity of the water and 

ra Th°J a F lta ^i° r d S an insulators and bushings. \ 
The effects of dirt and moisture on the 60-cvcle ' 

sparkover are shbwn in Fig. 21. For these tests^he 4 
insulators were exposed for a long time to the steam J 
and smoke from a locomotive until they were coated 5 
with a carbon deposit perhaps % 2 to yf 6 ffi ffi thick * 

E?Lde r0m Kg - 21 ‘ he “Sobsorvatiemsmay T * 


ki“p'S £ ov'r deP ° Sited *“ d practicaI ‘!' «° upoa a.. 

tt£ f r! at0rS *° p surface 

and bottom snrfmi m“KT th ™ for de “ “BOlators with top 

WtSSd^SSS™chSoSrf?| e!7tieSa, P espari<>TO 

from vertical, as^STAtEE^ Thf“ mb - at45de *' 
because some washing of the M ptam PreS “ nabl >' 


0£AN\UtJ——-. 

DIRTY / DRY | | | 

clean-top moistened-!—I— 

CLEAN-T0P4 BOTTOM M OISTEN ED 
DIRTY-TOP MOISTEN ED ~T I 


y tby SUrta “ s moiste,I,:d 

• 4 ’ ““ biaad ^ “ «‘- 

; sssa —^^ 

; Lightning Sparkover 

: tests t0 deter mine the effect of humidity 

• Svenih FirsI Sp ^ kover , of diSe J ent insulators are 
i f ven lb Fl & • 22 * xt may be noted that the variation 
; ™ sparkover potential between a density of 3 and i0 

grams per cu. ft. was found to be approximately plus 
nd minus 10 per cent for the sizes tested. This is of 

• te'ftsfrnnH ° rder “■ with 60_c y cIe voltages. Similar 

sSte TW f Van °“ S g3p ^ show responding re- 
, Dew, fog, ram, and surface moisture were 

found to have but little effect upon the liehtntav 
sparkover of insulators, but in general thriTeffect 
demeases as the length of the wave decreases. 

c„i^ StS °”. w ° od P° les and crossarms, with and with¬ 
out porcelam msulators mounted on the arms exhibit 
lightning sparkover characteristics similmTo thS of 
porcelam insulators alone. Wood poles, crosses 
and guy insulator sticks of different cross-JectiS 
f?®??, 11 *'« vlightning sparkover potential of approxji 
’ Z nJ li kv ;r, ft of Iength - Aether the w£d7e 

aafwater r:-; ^ pr ° bable reason foTthisIs 
tnat water is a fairly good insulator for impulse 

vo tages as compared with air in which these mate- 
rials ordinarily are tested. 

Bibliography 

S... to, v. 19, j m j»18 p 483 L '"“- * W - r«k, Jr. G„l. 

Sr- sv^e™* T rr m •» *•* 

v. 47,1928. p. 438-41; dbwuSTbp E. D B^p, pi T “” S - 

Jr. aSS ” JSST” H »* Voctaos, F, w. P«*. 

mc< ss3mo^ssrnsT“ Volta “ »•». 

6. Lightning, F. W. Peek. Jr. A.I.E.E. Trans., v. 48, 1929, p. 436-48. 

Woo ° Po “ ^ H - b. 


Fig. 21. (Left) Effect 
of surface moisture 1400 
and dirt on the 60- 1300 

cycle sparkover volt- 1200 
age of suspension in- " 00 
sulators; 10-in. units f 1000 
with 5 8 / 4 -in, spacing l 900 


- - r 1 i . i i ■ 

APPROX. CL5/5 M WAVE 

E5 SION 013) 5 _ 

LS^: 



-r-*~ 



« 








m 


'—' 

C 


~ 


. .. jvi mvigitnty 

IDim 1 } 0.2"PER MINUTE - 

-ft 1111 - 

DIRjY-TOP & BOTTOM MOISTENED* 

DIRTY—OUTDOOR 'tESI - S—I _-l_ 

_ TOP 4 BOTTOM MOISTENEb 


S SOSPEN5 


ON DISYS 


2 SUSPENSION OISKS—v 
I PEDES TAL INS ULATORy 


3 4 5 6 7 8 9 10 II 12 13 Id 

NUMBER 05. UNITS IN STRING 


fig. 22. (Right) Ef¬ 
fect of humidity on 
the lightning spark¬ 
over of insulators 


APPROX 1.3/40 (+) WAVE “T I B L -1 

, L PtCEPT AS NOTED | | 6-l<0 | | 

® * 2 3 4 5 6 7 8 9 10 II 

ABSOLUTE HUMIDITY IN CRAINS PER CU FT. 


Electrical Engineering 



Ill Designs and Economics of 
Suspension Insulator Strings 


By 

J. J. TOROK 

ASSOCIATE A.I.E.E. ' . * 

C. G. ARCHIBALD 

NON-MEMBER Co., East Pittsburgh, Pa. 


In THE PAST the effectiveness of 
transmission line insulation has been judged almost 
entirely by its 60-cycle flashover characteristics. On 
this basis the wide changes in spacing and diameter 
' of suspension insulator units have affected the over¬ 
all flashover values but little. Recently, however, 
it has been realized that the criterion for insulation 
should be based upon impulse flashover characteris¬ 
tics rather than upon the 60-cycle behavior. Lim¬ 
ited laboratory tests using impulse voltages showed 
that the impulse flashover voltage of insulator 
strings is changed appreciably by varying the diame¬ 
ter and spacing of the individual units. Economic 
studies show that, in general, low cost is associated 
with large diameter units spaced close together. 

' In a paper presented by Messrs. Fortescue and Con- 
well, and a discussion of that paper (“Lightning Dis¬ 
charges and Line Protective Measures/’ by C. L. Fort¬ 
escue and R. N. Conwell, A.I.E.E. Trans., v. 50,1931, 
p. 1090-1100; discussion p. 1147)^ it was shown 
that on a transmission line equipped with ground 
wires, the reflections from tower footings altered 
the wave form so that the resultant voltage across 
the insulators had the approximate shape of the 
wave shown in Fig. 23. If the insulators are to be 
subjected chiefly to this type of wave, it is essential 
to determine how the insulators will perform under 
such waves. 

To be comprehensive, an investigation of the 
characteristics of insulators should be made on a 
volt-time basis; that is, waves of long duration 
should be applied to the insulators, and the voltage 
varied so that flashover will take place in time lags 
ranging from sixteen or more microseconds down 
to one or two. The performance of the insulation 
then should be judged according to its application: 
If it is to be used on lines equipped with ground 
wires, the performance of the insulation should be 
judged by the flashover voltage at short periods of 
time; if it is to be used on lines not equipped with 
ground wires, its performance should be. judged by 
long time lags as well as short. However, the ma¬ 
jority of the transmission lines now being planned 
and constructed are to be equipped with ground 
wires. Therefore, the emphasis of this analysis will* 
be placed on short time flashovers. 

Based upon "Suspension Insulator Assemblies, Their Design and Economic 
Selection” (No. 32-61) presented at the A.I.E.E. Great Lakes District meeting, 
Milwaukee, Wis,; March 14-18,1932. . ’ 

* . ' 
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Tests Establishing a Comparison Basis 

Laboratory tests were made on suspension insu- 
l a tor assemblies and on bushings with the voltage 
wave shown by the oscillogram of Fig. 24. This 
voltage wave closely resembles the*calculated curve 
shown in Fig. 23. „ The principal object of these 
tests was to determine the relation between flash¬ 
overs with this type of wave and those given by 
standard volt-time curves. <* 

The following crest voltages are the mipimtim 
values causing flashover of insulator assemblies made 
up of 10-in. units spaced 5 3 / 4 in. apart, when sub¬ 
jected to this type voltage wave: 



From the volt-time curves shown in Fig. 25 it can 
be seen that these voltages correspond to flashovers 
at some time lag between 1 and 2 microsec, on 
1V2-40 positive-wave volt-time curves. (A iy 2 -40 
wave is one in which the time from zero to crest is 
ly 2 microsec. and the time from to crest to half 
voltage on the tail of the wave is 40 microsec.) 
The minimum flashover voltage decreases and corre¬ 
sponds to longer time lags when longer-duration 
test waves are used. It has been shown previously 
that longer waves than that shown in Fig. 23 may 
be expected on lines having high tower footing re¬ 
sistances, and that effective ground wire protection 
can be had only with tower footing resistances less 
than 10 ohms. With higher tower footing resistances 
voltages appearing across the insulators become so 
high that it is uneconomical to insulate against 
strokes of even moderate intensity. * For these rea¬ 
sons, the comparison of insulators Jor use on lines 
properly equipped with ground wires should be made 
at 2 microsec. as taken from volt-time curves. 

Special field conditions may require a different 
wave upon which to base analyses; consequently, 
provisions were made for varying the magnitude of 
the microsec. positive wave used in these 

tests, so as to give time lags of flashover ranging 
from 1 to 20 microsec. The results then were plotted 
in the form of volt-time curves from which insula¬ 
tor performance can be ascertained for any pre¬ 
determined wave shape. In the event that some 
peculiar local condition necessitates the choice of an 
irregular wave as a basis of test, it is necessary to 
test only one combination of insulators with this 
wave. The flashover voltage values then may be 
referred to the volt-time curve to ascertain the 
corresponding time lag. The comparison of various 
types of insulators can be made at the correspond¬ 
ing time lag from their respective volt-time curves. 

If the high voltage transmission line is not pro¬ 
tected by ground wires, or if the ground wire pro¬ 
tection is inadequate, then the voltage wave form 
across the insulators is not accompanied by reflec¬ 
tions from tower footings; therefore the wave shape 
approximates that of the lightning discharge. The 
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Diameter and Spacing Tests 


To determine the relation between insulator di¬ 
mensions and flashover characteristics of suspen- 

^ lator , as f ^Hes, a series of tests was con¬ 
ducted for which insulators of the cemented can 
and pintype were made in a variety of shell diame- 

lZ S s 5 acings * Tbe Porcelain shells were 

standard lh head, petticoat, and shed droop design 

except„for a special 10%-in. diameter unit designed 
for coastai duty. This unit had 10 per cent Ser 

** the standard design. Heads of 

all these units were the same size' so that all hard 

Zt T t nti ^ thh bead size — 

that of a standard-strength unit now most com- 
u pon high voltage lines. 

Shell diameters of the insulators tested were rp 
spectively, 7, 8%, 10, 10%, 12, and ifi^ UnS 
spacings ranged from a minimum possible value to a 

srzr^ alu r onsidera , biy ««■** ^ 

Tbplwfi h be - en em P 1 °y ed f or line insulation 

tTvely^A C 5V aC 6”f TV* “ A* *** respec- 
vivciy, ^ / 4 , oy 4) t>%, 7y 2 , and 10 m. These varia- 

lS ln K' aGmg Were obtained by pins of various 
lengths bemg screwed into a threaded socket nm 

^ Cd ^ Stud * This arrangement S materially 
and U af^!?!i nUlllber of units squired for the teste 

C °“ parable data because identT 
cal s^dis of each ^ameter were tested at all spacings 

jConventiona^ OO-eyde diy and wet flashover teste 
Z ^ u-form ed on strings of 4, 8, 12, and 16 units 

of each dimension combination; that is the unite 
:rS “‘ 7 Wer V* of Ae same diameter 

fl^ 4 olr t Sf gt ° normal frequ^y 

514 . ■■ 


hntn^ eCti ^ i, was made for the recorded relative 
humidity which ranged between 10 and 15 per cent. 

tabhshe 1 ? 11 ^^ 1 t fS f ° r humidit y bave not been es- 
the^AI F F il PreSent are . under consideration by 
It^ . and lnsulator subcommittee 

t th ° rS ? pmion that the variation in im- 
SiH?t fl f Sb0Ve ^ voltage caused by changes in hu- 
midity during these tests is negligible. This opinion 

™ e } and *7 impulse flashove/tests. 
borne of the data obtamed from the impulse tests 

c^ a X S J, nSUlat r Z e gimn in th?repIot?ed 

S ft°™ m ?' g - 25 ' These curves 

time la § curves, each of which was 

m&ns ° f 13 P° ints ' Some combi- 

JSL? umt dimensions were not tested under 

ThV^wl? J ave “ tte ^ would become too lone. 

they Z e t C r^ nS Were 80 elected thft 
teste ^ b readll y interpolated from the other 

Units found'to be most effective under impulse 

b^avW of S th : ' eCt ^ d kt f r t0 ** tests to cheek the 
j_ 1 °* these diameter shells under high current 

impulses and power follow arcs. An eight-unit 
] 2 r ;Z diameter shells was subjected to 

to the norml J n SeVer i e 'nP^ flash overs, in addition 
“ “e nonnal impulse flashover characteristic tests, 

ner^rieSS* rate of v °ltage rise of 6,000 kv. 

LroS-es Tho 3nd 3 CUrren . t of approximately 5,000 
amperes. These same units then were subjected 

a° duration %%° f a PP r „°. ximatel y 3,000 amperes for 
f ? sec - Smce the 10-in. unit is the 

^1™°? ln practical use - this was chosen as 
reference for comparison with the 12-in. unit. 

te 4116 10 -hi. nor the 12- 

f ^ ed e i ther by puncture or breakage. 
”?'L 60 ' cycIe arc tests the performance of the 12-in. 
Ti S °° d lf “ ot s %htly better than the 10- 

data •aTroif uf Se 1 A S i^ tS are substan tiated by service 
^ta available. All teste reported in this paper 

S ^ auxiHary electrodes, such as 

{^ g i d b0rns -. The ^ect of such devices already 
h^ been mvesbgated (“Impulse Flashover of Insu- 

by /o J n J° rok and R. Ramberg, A.I.E.E. 
•y?AN Si , V. 48,1929, p. 239-45). 


Cost Considerations 

In the selection of high voltage transmission insu- 
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lators, the designer is confronted.by two major con¬ 
siderations: 9 first, the permissible cost of line insu¬ 
lation; and second, the selection of the maximum 
insulation available for that cost. Once the per¬ 
missible cost of insulation has been decided upon, 
the most economic suspension insulator unit can be 
selected from examination of insulation and cost 
characteristics similar to those shown in Figs. 26 
and 27. In Fig. 26 is shown the impulse flashover 
characteristics with respect to string length, of va¬ 
rious assemblies of 10-in. and 12-in. diameter shells. 
These flashover voltages were taken at a 2-micro¬ 
sec. time lag for reasons advanced previously. It 
may be noted that for a given unit spacing and flash- 
over voltage strings comprised of 12-in. shells are 
appreciably shorter. 

In both Figs. 26 and 27,.string length was chosen 
as the basis of reference, as it is a controlling fac¬ 
tor in supporting structure dimensions. For a given 
flashover voltage, the shorter string length is more 
desirable on a tower cost 


influence upon the choice of properly dimensioned 
suspension units. 

Economic Selection 

M 

To provide economic comparison curves the *2 
microsec. time lag flashover characteristics of Fig. 
26 were incorporated with the cost of the units to 
give the ‘turves shown in Fig. 27. Cost values em¬ 
ployed were those for a purchaser' with packing 
and shipping expenses allowed to a shipping point 
500 miles from the factory, and are based upon the 
physical dimensions of the units. Up to approxi¬ 
mately 70-ih. string length, a 12-in. unit spaced 
(5 1 /2 in. provides insulation at the least insulator 
cost. This point corresponds roughly to the insu¬ 
lation considered as economically balanced for 138- 
kv. transmission on steel towers adequately pro¬ 
tected by ground wires. 

Beyond a string length of 70 in., a 12-in. unit 


basis, as it may reduce the 
length of the arm and height 
of the tower; or, with a 
given string length and the 
utilization of a more effec¬ 
tive insulator, the flashover 
voltage will be increased 
and the number of outages 
due to lightning will be de¬ 
creased. For example, in 
Fig., 26, a 1,500-kv. flash- 
over at a 2-microsec. time 
lag is provided by. a string 
length approximately 65 in. 
when composed of 12-in. 
units Spaced 4 3 / 4 in., and 
by a string length approxi¬ 
mately 91 in. when com¬ 
posed of 10-in. units spaced 
6V2 in. A difference of 
26 in. exists between the 
lengths of these strings. 
A steel tower design for 
use with the longer string 
of course would be appreci¬ 
ably heavier and more ex¬ 
pensive than a tower with 
the same clearances and 
line height designed for 
the shorter string. Using 
12-in. units spaced 4 3 / 4 
in., a string length of 91 
in. would have a flashover 
of 2,050 kv. as against 
1,500 kv. for a string of the 
same length using 10-in. 
units spaced 6V2 in. apart. 
This means that an increase 
in flashover potential of 
550 kv. is obtained by 
using the more efficient 
combination of diameter 
and spacing. These factors 
should exert considerable 
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Fig. 25. Flashover characteristics,of suspension insulators 

All vertical scales show minimum flashover potential in kv./ horizontal scales (except upper 
left) show number of insulator units in the string 
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SS t J*° W ? the lowest insulation cost. 
^* 10 m .‘ m dimeter spaced 4 8 / 4 or 5 3 A in are 

• ♦£““ f°“ billa tions most conmiohly iiSd 

pr 5f Ut time ^ those string knrths 

Sste thkn^fo ' Umt i- Sh0W much higher relative 
costs than 12*m. diameter units at the 

cidentfll f v 0r f^ lengths ° f W than 30 in. In- 
Sulhlv l +n Stnng . of 30 in- corresponds 

m^ploy^rML^^ 

*??» e f m foation of these flashover and cost 

iTtS Choice 7 5“^“ a wi - de ran S e of selection 
h . ‘ . cboI ? e of the proper msulation. It should 
be noted however, that to determine the mavi 
mum insulation for the least cost, Figs 26 2d 
27 must be employed simultaneously. For exanmle 
at approximately 65-in. string length 12-in unite 
M5y* P ro " de a 1,500 Kdriv^'rZg 
5 oi?J 1 atlv l C0st ° f 1-76 or an arbitrary total 3 

hive a siring units . s P aced 6Vt in. must 

g le J&th of approximately 91 in. to t>ro- 
vide the same flashover rating. Tins gives an P ar 
bitrary total cost of 1.93 times 1,500 whLhfe2 900 
or approxunately 10 per cent higher ta cost „hh a 
32 per cent increase in string llugth 

, ow ' cost "nits have been proposed for light dutv 
? n I T ood construction and lowTvol® 

aSS„»“fc Economic characteristics of sudi 

a. unit are shown by the 9-in diampler k • 

^ TOiribl I 2 t- 0byiousl y. for light duty sovief 
i msulation corresponding to 60-in strirur 1 

lengtt (approximately 138 kv.) such untaarf^e 1 

string Ja n0miCady - Fo^pIclsZea^l-t . 
string of 9-m. irnits spaced 5 in. apart* from Fiv 9fi ! 

T$Z^oJ V 7- 3 fl f h0Ver P^cntial of 875 

Sg 12? *?“ la g at relative cost f 

^ig. 12) of 1.35 per kv. An equivalent string of 

-m. units, spaced 5 3 / 4 in. must have a lenvth of i< 
approximatdy 40 in.; its relative cost is 1 7 ^huf 
for the same electrical characteristic the l 3 u a 
unit shows a 20 per cent saving in cost Thp -5? S] 
omy of this smaller unit is Z^Sf 0 f mdVction u 


e Wft " “ d ° 0nse< i uentI y lower mechanical 
e for U toe jUS ‘ toSateTh^linc 

' “^“f ha ? 1Cal s fo en ?th slightly above that ofthe 
wood structure. Calculations of ultimate strengths 
I . ? f woodei1 structures now in use show thatTunit 

ad^lte. Strength ° f 7 ’ 000 lb would be 

Conclusions 

mariS'fohot 23 ° f tWS StUdy may b * — 

lines are (1) the sMd^g^of^ e d o'twp ° f St ^ el tower transmission 
located ground wires and (2) mafot ^".conductors with properly 
sistances as low ™iiMe. ( } mamtamu * the tower footing re- ' 

thfwave" is^hortdwStta!^?£??? order <° f 20 ohms) 

age of the attached insulation cowl™^ 6 ? u ?f In 1 I lm flashover volt- 
at 2 microsec. with a flat-topped wave. ^ t0 ltS breakdown voltage 

suspension ^So^lSd^e^dged^S^ha^^f h* 163 - 
flashover characteristics at 2 miSosea ^ b ° f their lm P uIse 

quately proTertld^by^om^^S il^Ssed^ 0 ^^ ? r inade ' 

S 0 S teS “ ^ «er“r«Sto 

improves Whth of s " s P l =»sioii insulators 

ings. increase m unit shell diameter at moderate spac- 

: h& ,ot * «* 

’*** 'S**™** deonases with increase in string 

ally ifSSfe ^° r di^S , S U ^nd fl fT er , VOl ? ge gmer - 
spacings. diameter units and higher for larger unit 

Ji h^tStaSS?— «-t a 12-in. 
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Pacific Coast Convention Program Announced 

T 

■ECHNICAL and entertainment nro- thenrv nf tho a -wiffl ..Nit O 1. J 1 it 


■ECHNICAL and entertainment pro- 
grams have been arranged for the Ins titute’s 
Pacific • Coast convention to be held at 
Vancouver, B. C., August 30 to September 
2, 1932 and promise 4 days which should 
be truly inspirational to members and 
guests. In addition to the formal program 
there are excellent facilities for all types of 
sports and entertainment for those intend¬ 
ing to spend their vacation in Vancouver. 

Technical Sessions 

Fourteen papers offer a variety of subject 
matter embracing both theory and recent 
practise in the electrical engineering field. 
These will be presented in 4 sessions, one 
each on the following: power generation; 
transportation, electrical machinery and 
metering" transmission and communication; 
and station apparatus. Those interested 
in power system developments and the 
segregation of hydroelectric power costs 
should find the first session of particular 
interest to them. The second and fourth 
sessions‘'should appeal to those who are 
theoretically inclined, as they contain 
valuable papers in the measurements field, 
such as metering of symmetrical components 
and high accuracy bushing current trans¬ 
formers. Other subjects—circuit breakers, 
factory assemblies for substations, and the 


o 

theory of the 3-wire d-c. generator with 2- 
wire static balancer—lend variety to these 
sessions. The third session should prove 
to be of general interest as it contains several 
papers in the power transmission field 
which are theoretical and several others 
describing large radio systems, a subject 
of broad appeal. In addition, at one of 
these sessions there will be presented 2 papers 
on railway electrification which are of 
popular interest. 

Entertainment Features 

On the evening of the opening day, Tues¬ 
day, August 30, the president’s reception will 
be held in the Hotel Vancouver. Follow¬ 
ing the reception, there will be a dance in 
the Oval Room, dress being optional. 

The boat trip on the second day, August 
31, will consist of a 4-hr. cruise on the 
S. S. "Princess Norah” around Vancouver 
harbor and the surrounding coast. The 
harbor is some 2 miles long and is set amid 
truly wonderful mountain scenery. Dinner 
will be provided on the boat, also an or¬ 
chestra, and arrangements are being made? 
for dancing on the deck. 

A golf tournament will be held on Septem¬ 
ber 1 at the Shaugnessy Heights Golf Club. 
That evening a banquet will be held in the 
Oval Room of the Hotel Vancouver, fol- 


• . 1*' 

: A.- 

mmml mmm ■ *. • IS , * 



B5£SF“;. J R v l 


SiiPP* 


.. s „. r 




lowed by the presentation of golf prizes 
and a good program of entertainment. 

At the luncheon to be held under the 
auspices of the Electric Club on Septem¬ 
ber 2, the speaker will be Capt. E. A. Wheat- 
ley, registrar of the Association of Pro¬ 
fessional Engineers in British Columbia, 

. 8rid his subject will be • "Engineering 
Legislation.’’ Captain Wheatley is a 
• pioneer in the movement to raise the status 
of the professional engineer to that of the 
doctor or lawyer. He . is intensely en¬ 
thusiastic and is remarkably well informed. 
It is felt that his address will be of vital 
interest to all. 

On the afternoon of September 2, in¬ 
spection trips will be made by groups in 
private cars, including a visit to the Uni¬ 
versity of British Columbia, as well as to a 
number of other points of interest. During 
the same afternoon, a bridge tea will be 
held for the benefit of the women. Tor 
those attending the student conference, a 
dinner will be held that evening at Union 
College, University of British Columbia. 
This will be followed by a student con¬ 
ference. 

Registration 

A fee for "banquet and entertainment 
tickets” will be payable at the time of • 
registration. These tickets will cover the 
dance after the president’s reception on 
August 30, the boat trip on August 31, 
and the dinner on the boat, the banquet on 
September 1, and in the case of the women, 
the bridge tea on September 2. The charges 
for these tickets will be as follows: 

Members and men guests... .$7.50 per strip 

Ladies. 6.00 per strip 

Students.'.... 2.50 per strip 

Tickets for individual functions will be 
sold only to students. 

Rates which will prevail at the Hotel 
Vancouver, convention headquarters, are 
as follows: 


,T «%-■ i \r 


sV #f fi-i* -• 'it . 
* « 


Double room, with bath..$6.00 

Single room, with bath........ 4.00 

Double room, without bath...... 5.00 

Single room, without bath_ .............. 3.00 




The Terminal City Club, 837 West Hastings 
Street, Vancouver, will accommodate visit¬ 
ing students at $1 per day. . 

Regarding transportation, the annual 
. summer excursion rates will be in force 
and therefore no steps have been taken to 

a • | , r , , . . © Western Canadian Airways, Ltd. obtain special rates. Vancouver may be 

° e business section of Vancouver, B. C v scene of this year’s Pacific Coast reached from practically any part of the 
convention of the institute, August30—September 2,1932 Pacific states by road, rail, air, or water. 
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"7he L’ons/' famous mountain peaks near Vancouver, B. C. 


Committees 

General convention committees and 
officers serving in the various departmental 
divisions of convention activities are: 

* Chairman, G. R. Wright (A’12) district 
manager, Canadian General Electric Com¬ 
pany, Ltd., 1065 Pender Street, West, 
Vancouver, B. C.; vice-chairman, L. B. 
Chubbuck (M’26) switching equipment 
engineer, Canadian Westinghouse Com¬ 
pany, Ltd., Hamilton, Ont., Canada; 
secretary, W. D. Robertson (A’27) central 
station engineer, Canadian General Elec¬ 
tric # Company, Ltd., Vancouver, B. C.; 
treasurer, C. Amott (A’27) electrical drafts¬ 
man, British Columbia Electric Railway 
Company, Ltd., 425 Carrall Street, Van¬ 
couver, B. C. Committee chairmen in¬ 
dude: F. W. MacNeill (M’22) enter¬ 
tainment; J. R. Read (’04) finance; A, 
Vilstrup (M’27) hotels and registration; 
V. W. M. Fouracre (A’31) publicity; L. B. 
Stacey (M’29) reception; J. Teasdale (A’24) 
technical program; E. G. Cullwick (A’26) 
student activities; C. W. Colvin (M’21) 
transportation; D. de M. Mertens (M’25) 
golf; and Mrs. F. W. MacNeill, ladies' 
entertainment. These are assisted by P. S. 
Biegler (F’29), E. A. Crellin (F’28), M. T. 
Crawford (F’22), R. J. Davidson (A’21), 
J. H. Hamilton (A’28), Paul Ransom 
(M’31), L. E. Reukema (A’24), J. A. 
Thaler (FT3). H. Vickers (M’26), and 
H. L. Vincent (A’25), all members of the 
local committee. 


Program 

All technical sessions and. the opening of 
the convention will be held at the Hotel 
Vancouver. Abstracts of papers to be 
presented at the sessions are scheduled for 
publication in the August 1932 issue of 
Electrical Engineering. 

Tuesday, August 30 
9:30 a.m.—Registration 

9:15 a.m.—Meeting of District Student Com¬ 
mittees 

10:00 am.—Opening of Convention by President 
H. P. Charlesworth 

July 1932 


10:30 a.m.—Power Generation 
♦The Power System or the British Columbia 
Power Corporation, Ltd., E. E. Carpenter, 
British Columbia Electric Railway Co. 

♦Rock Island Development of the Puget 
Sound Power & Light Co., A. P. Newberry, 
Puget Sound Power & Light Co. 

♦Segregation of Hydroelectric Power Costs, 
W. S. McCrea, Jr., Dept, of Public Works, State of 
Washington. 

12:00 m.—Luncheon, Students and Counselors 

2:00 p.m.—Transportation, Electrical Machinery, 
and Metering 

Reading Company’s Philadelphia Suburban 
Electrification, G. I. Wright, Reading Co. 

♦Electrical Operation on the Cascade 
Division of the Great Northern Railway, 
J. B. Cox, General Electric Co. 

Theory of Three-Wire D-C. Generator 
With Two-Phase Static Balancer, E. G. 
Cullwick, University of British Columbia. 

♦Metering of Symmetrical Components, 
Tt. R. Shuck, University of Washington 

8:00 p.m.—President’s Reception 

Wednesday, August 31 

8:00 a.m.—First Student Session 

12:00 m.—Luncheon, Institute District and Section 
Executives and Student Counselors 

2:00 p.m.—Second Student Session 

5:30 p.m.—Boat Trip 

Thursday, September 1 

9:00 a.m.—Station Apparatus 
♦Shaping of Magnetization Curves and 
Theory of the Zero Error Current Trans¬ 
former, A. C. Schwager and V. A. Treat, Pacific 
Electric Mfg. Corp. 

♦Factory Assemblies for Substation Design, 
H. M. Hobbs, Westinghouse Elec. & Mfg. Co. 

♦Operating Experience With High Voltage 
Circuit Breakers, R. E. Rowley, Dept, of Water 
& Power, City of Los Angeles 

2:00 p.m.—C*olf Tournament 
7:30 p.m.—Banquet 

Friday, September 2 

9:00 a.m.—Power Transmission and Communica¬ 
tion 

♦Corona Loss Measurements for the Design 
of Transmission Lines to Operate at Voltages 
Between 220 Kv. aA> 330 Ky., j. S. Carroll, 
Stanford University, and B. Cozzens, Dept, of 
Water & Power, City of Los Angeles 
♦The Triple Harmonic Circuit in Three- 
Phase Power Systems, T. H. Morgan, Worcester 


Polytechnic Institute, and C. A. Bairos and G. S. 
Kimball, Stanford University, Calif. 

♦The Radio Plant of the R. C. A. Communica¬ 
tions, Inc., H. H. Beverage, C. W. Hansel 1, and 
H. O. Peterson, of R. C. A. Communications, Inc. 

♦Radio Links in the System of the British 
Columbia Telephone Co., C. H. McLean, 
British Columbia Telephone Co. * 

12:15 p.m.—Electric Club truncheon 

2:00 p.m.—Inspection trips 

2:00 p.m.—Ladies’ Bridge Tea 

6:45 p.m.—Dinner at U.nion College, University 
of B. C., for those attending the Student 
Conference 

8:00 p.m.—Student Conference 

Rules on Presenting and Discussing 
Papers 

At the technical sessions papers will be 
presented in abstract, 10 minutes being 
allowed for each paper unless otherwise 
arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and 
allotment of time for paper? and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes are allowed 
each discusser. When a member signifies 
a desire to discuss papers on other subjects 
or groups, he shall be permitted a 5-minute 
period for each subject or group. 

It is preferable that a member who wishes 
to discuss a paper give his name before¬ 
hand to the presiding officer of the session 
at which the paper is to be presented. 
Copies of discussion prepared in ^advance 
should be left with the presiding officer. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Discussions at the technical sessions are 
not reported. To be considered for publi¬ 
cation, discussions should be written and 
mailed to the A.I.E.E., Editorial Depart¬ 
ment, 33 West 39th Street, New York, 
N. Y., on or before Sept. 16, 1932. 


* These papers are under consideratioa for pres¬ 
entation at the Pacific Coast convention, but up to 
date of going to press have not been officially 
placed upon the program. 


Franklin Institute 
Honors Doctor Swasey 

At this year's medal meeting of the 
Franklin Institute, May 18, 1932, Dr. 
Ambrose Swasey (HM’28) was awarded 
the Franklin Medal and certificate of 
honorary membership in the Franklin 
Institute. These are the highest honors 
bestowed by this organization, founded in 
1824, the presentation taking place in the 
old hall of the Franklin Institute. 

Doctor Swasey, who was honored as the 
inventor of a range-finding device which 
proved of great service during the World 
War, delivered an address, "Astronomers 
and Their Telescopes,” upon this occasion. 
A banquet followed , in the evening at the 
Bellevue-Stratford Hotel, at which Doctor 
Swasey and the recipient^ of other medals 
were guests of the Franklin Institute. 
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Cleveland Convention 
A Pronounced Succ 


■* ROM Mexico City to Saskatchewan, 
from British. Columbia to Florida, and 
even from England came members and then- 
guests to attend Jhe 48th annual s um mer 
convention of the Institute held at Cleve¬ 
land, Ohio, June 20-24, 1932. A fitting 
tribute to the Cleveland convention commit¬ 
tee, and an inspiring exemplification of the 
sturdy qualities of the Institute and its loyal 
members was the record of attendance, 
which was 1,022. From Cleveland and 
vicinity the total registration was 644, and 
from points other than Cleveland 478. Re¬ 
flecting the attractive characteristics of the 
convention program of technical, social, and 
entertainment features, the attendance this 
year represents some 111 per cent of the av¬ 
erage attendance of the last 10 summer con¬ 
ventions and 63 per cent of the maximum 
ever recorded at a summer convention 
(Swampscott, Mass., 1,616 in 1923), figures 
which compare far more than favorably with 
those of other similar national conventions 
held this season. Summer convention 
attendance for the past 10 years has been: 

1932 Cleveland, Ohio .... l 022 

1931 Asheville, N. C. Vofi 

tot? J orone °i Out., Canada 1,110 

• }Swampscott, Mass. ...... i 000 

1928 Denver, Colo. ...... 500 

1927 Detroit, Mich. 1 200 

1926 White Sulphur Spas., W. Va ' ’asn 


1926 White Sulphur Spvs., W 

mS : 

1QOO _i.X V_ 


All. • • . , 

1923 Swampscott, Mass. . 
1922 Niagara Falls, N. Y. 


Particular credit is due the personnel of 
the Cleveland committees for the unquali¬ 
fied success of the convention and for the 
improvements in program brought about, 
through the adoption of some new features 
and the abandonment of some traditional 
activities. The many "little things” so 
often overlooked inythe- bustle of a conven¬ 
tion were cared for in thoughtful detail. 

Annual Meeting 

^ As the opening session of the convention, 
the annual business meeting was held in the 
Ball Room of the Hotel Cleveland, Monday 
morning, June 20. The minutes are given 
in this issue, p. 622. Presided over by 
President Skinner, the session proved to be 
of considerable interest to those having at 
heart the affairs of the electrical engineering 
profession. Following introductory re¬ 
marks by President Skinner, Dr. W. E 
Wickenden, president of Case School of Ap¬ 
plied Science, Cleveland, extended to the 
guests a most hearty welcome to the city. 
His manner, humorous yet sincere, was most 
appropriate to the occasion. 

Following the presentation by H. H Hen¬ 
line, actingnational secretary, of an abstract 
of the annual report of the board of Direc¬ 
tors, President Skinner announced the re- 
:S n 0f «Vv recent election of officers. 
2!® p 17 ri ^ response, President- 
itiect H. P, Gharlesworth paid tribute to the 

* the ***** ^ of 
the Institute, and modestly stated his de- 

S ^°d 1V * Up t0 iis new obligations. 

W. H. Harrison then read the report an- 


n, nouncing the winners of Institute prizes for 
id papers given during 1931, after which Presi- 
ir dent Skinner presented the prizes. Among 
- r those receiving awards, W. H. Harrison and 

R. N. Conwell were the only ones present 
L * to receive their prizes at the opening session, 
t- Unfortunately, illness prevented the at- 
e tendance at the meeting of Giuseppe 
H Facdoli, winner of the Institute’s Lamme 
” M edal for 1931; ajso C. C. Chesney, who 
o was to have given the tribute to Mr. Fac- 
d “oh, was not present. However, C. H. 

- Kkne (Pittsfield, Mass.) read the state- 
? ments of both men, and a deep impression 
i was created on those in attendance by the 
s sincerity of feelings expressed in their simple 
remarks. In Mr. Facdoli’s acknowledg¬ 
ment of the award he stated that, largely for 
1 the benefit of the younger engineers who 
i might be present, he wished to emphasize 
» the fact that ‘ 'it was a pleasure—not work— 

1 for me to do the things which have won for 
1 me the Lamme Medal.” 

Doctor Skinner then delivered this year’s 
presidential address, "The Institute and Its 
Members—Our Problems and Our Responsi¬ 
bilities.” Printed in full in this issue of 
Electrical Engineering, p. 472-6, its 
message is of direct concern to the member¬ 
ship of the Institute. Following the de¬ 
livery of this address, the meeting was ad¬ 
journed. 

Technical Sessions 

Attendance at almost all of the technical 
sessions exceeded expectations, and in some- 
cases exceeded arrangements which had 
been made for seating. The session on 
communication had an unusually general 
interest, and attracted many of the women 
guests. Other sessions, however, were more 
iffhly technical, and enabled the dissemina- 
tion and discussion of much engineering in¬ 
formation. At some of the meetings it was , 
to be regretted that the lapel microphones i 

used so successfully at previous Institute i 

meetings were not employed. Abstracts of i 
Ihe summer convention papers were pub- < 
hshed in Electrical Engineering for June ; 
1932, p. 405-13, and will not be„reviewed •< 
here. However, summaries of the discus- i 
sions following presentation of some of these c 
papers will be given in subsequent issues. I 
A special session for the entire member- a 

ship was held on the morning of June 21, at t 

which Dr. W. E. Wickenden delivered an I 
address, "The Engineer in a Changing So- t 
aety.”^ This address, immediately recog- y 
mzed by those in attendance as being re- n 
markable for its breadth of vision in analyz- a 
mg the trends of society, especially as .relat- ti 
mg to the engineer, is published in this issue w 
of Electrical Engineering, p. 464-70. " 

The increasing importance of the engineer in re 

controlling the affairs of men was pointed R/ 
out dearly, and encouragement given that ai 
greater social responsibility be accepted by 
the engineer. 

Two afternoons were devoted to the con- d< 
ference of officers, ddegates, and members he 



The new Mershon silver golf trophy, for match 
play competition, stands 27 in. high above 
the base and is 12 in. in diameter 

r • 

usually held during the summer conventions 
under the auspices of the Sections committee 

and the committee on student Branches. A 

report of this conference is given in this is¬ 
sue, p. 622. A luncheon meeting of the 
board of directors of the Institute also was 
hdd, a r6sum£ of this meeting being 
scheduled for a succeeding issue. 

Trips and Entertainment 


Cleveland’s location made it particularly 
advantageous for the arranging of many at¬ 
tractive inspection trips, and all of these 
were very well attended. The outstanding 
trip, participated in by both members an d 
pests, was the Akron-Barberton trip. This 
included a visit to the hangars of the Good¬ 
year Zeppelin Corporation, and a tour of a 
rubber manufacturing plant attended by 
over 600, and dinner for 260 persons at the 
Mayflower Hotel, all in Akron, followed by 
a spectacular outdoor high voltage exhibi¬ 
tion at the Barberton plant of the Ohio 
Brass Company. More than 800 witnessed 
this interesting demonstration. For the 
women, special trips and particularly ap¬ 
propriate entertainment features had been 
arranged for each day of the convention, and 
these proved to be very enjoyable. In the 
words of one woman guest, they were 
"priceless.” The women's committee did a 
remarkably fine piece of work. At the 
Monday afternoon trip, 75 women were in 
attendance. 

Evenings, too, were well utilized by both 
men and women. On Monday the presi¬ 
dent’s reception and an informal were 
held; on Tuesday there was a boat trip 
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on Lake Erie, in which 390 participated; 
on Wednesday the high voltage exhibition 
was staged at Barberton; and on Friday 
there were sight-seeing and other trips avail¬ 
able. * 

The peak of the unusually attractive and 
popular social program was reached Thurs¬ 
day afternoon and evening when a variety of 
sports, a dinner, and an old-time party were 
arranged for every one at the beautiful 
grounds of Nela Park. These provided 
many hours of delightful relaxation for mone 
than 500 participants. Ball games, golf, 
horseshoes, swimming, and tennis were 
among the sporting events during the after¬ 
noon, inspection trips being conducted 
simultaneously through the General Electric 
lighting institute. Following dinner and 
the presentation of awards to the winners 
of the various events scheduled during the 
week, including the golf and te nnis trophies, 
a “regular old-time carnival” together with 
dancing in the outdoor pavilion were pro¬ 
vided forthe evening’s entertainment. After 
extensive deliberation and no little worry, 
the Cleveland committee arranged this out¬ 
door carnival program to take the place of 
the almost traditional banquet. If any 
doubts remained as to the success of such a 
departure from a formal program, they cer¬ 
tainly were decisively obliterated by the re¬ 
sults of the experiment. 

Golf 

With two major trophies and many valu¬ 
able prizes offered to winners of golf events, 
and with the long-standing Mershon tennis 
trophy supported by other attractive prizes 
for event winners, the noteworthy sports 
program provided for the summer conven¬ 
tion by the Cleveland committee attracted 
wide attention, but merited more partici¬ 
pants. Two prominent and highly exclusive 
Cleveland country clubs, Mayfield and 
Canterbury, graciously extended the cour¬ 
tesy of their facilities for the golf tourna¬ 
ments, while the annual tennis tournament 
was played on the University Club courts 
through the courtesy of that organization. 

As announced in Electrical Engineer¬ 
ing (Sept. 1931, p. 761) the original Mershon 
golf trophy, which had withstood competi¬ 
tion since 1912, last year became the perma¬ 


nent property of L. F. Demming (ATI) of 
Philadelphia^ Pa., as a result of his having 
twice won the right to have his name en¬ 
graved on it, in 1916 and in 1931. This 
year, a new trophy was given by Past- 
President Ralph D. Mershod! to be competed 
for by match play on a handicap basis, as 
heretofore, and subject to permanent pos¬ 
session by virtue of 2 winnings by an Insti¬ 
tute member. The, 16 men having the 
lowest net scores in a preliminary qualifying 
round were’privileged to play through 4 
successive elimination rounds to determine 
the ultimate winner. ’ 

A new trophy also was made available 
this year by Past-President William States 
’ Lee. This trophy will be awarded annually 
at the summer convention to the Institute 
member having the lowest net score for 36 
holes, of which the first 18 may be the 
general qualifying round. Another innova¬ 
tion was the District Team event. Each 
District was privileged to enter a team of 
hot more than 6 nor less than 4 players. 
The team having the lowest total gross score 
for 36 holes (4 men) was adjudged by the 
Cleveland sports committee as being the 
championship District team, and each of the 
4 players on one team having the lowest 
total gross score for 36 holes was designated 
to receive a suitable individual trophy. 
Handicaps were based upon the 5 best 1931 
scores made by the players on their regular 
courses, the 5 scores being averaged and the 
difference between that average and the 
par for the player’s course noted. For 
medal play, 4 /b of this difference was al¬ 
lowed as the A.I.E.E. tournament handicap; 
for match play, 3 /< of the difference was al¬ 
lowed as the handicap. 

Out of a field of 45 formal entrants, the 
16 that qualified for the golf tournaments 
included: H. O. Anderson (A’27) New 
York, N. Y.; E. S. Atkinson (M’31) Battle 
Creek, Mich.; A. B. Cooper (M'16) and 
H. C. DonCarlos (F'18) Toronto, Ont., 
Canada; Cecil Gray (M’30) Richmond, Va.; 
R. A. Monroe (A'30) Pittsburgh, Pa.; G. V. 
Smith (M’28) Mansfield, Ohio; C. E. 
Stephens (M’22) New York, N. Y.; A. H. 
Sweetnam (M’18) Boston, Mass.; D. S. 
Young (A’28) Chicago, Ill.; L. M. Keating 
(A’22), L. R. Keiffer (A’22), G. A. Kositzky 
(F’29), Frank Quigley (A’32), S. B. Taylor 



The Lee golf trophy, 14 in. in diameter, for 36-hole low net. The replicas are 5 in. in 
diameter; one goes to each winner, whose name also is engraved on the big cup 


Judy 1932 . 



(M’26), and C.-H. Teskey (A’32) of Cleve¬ 
land, Ohio. The second flight was nar¬ 
rowed to Anderson, Atkinson, Gray, Keiffer, 
Quigley, Stephens, Sweetnam, and Taylor, 
of whom the first four won their way into 
the third flight. The championship flight 
was fought between Atkinson and Keiff<9- 
with final honors and. the Mershon Trophy 
going to Mr. Keiffer whose handicap was 19. 
The Lee Trophy was won by C. H. Teskey 
whose handicap of 7 gave him a net score 
of 143 for 36 holes against a par of 143. 

Additional events provided for by the 
sports committee, and the winners of prizes 
therein, were: 

1st low gross, C. H. Teskey, 79. 

2nd low gross, G. A. Kositzky, 85. 

1st low net, L. M. Keating, 72 (83-11). 

2nd low net, A. H. Sweetnam, 73 (88—15). 

1st blind bogey (72-88), G. V. Smith, 86. 

2nd blind bogey (89-100),- G. R. Canning, 96. 

3rd blind bogey (101-130), G. V. Mueller, *02. 

The foregoing special events were played 
in connection with the qualifying rounds at 
the Canterbury Club Monday, June 20. 
The following events were played in con¬ 
nection with Tuesday’s match play at May- 
field Club: 

Proximity of approach to No. 4 hole, G. R. Canning, 
14 ft. 

Proximity of approach to No. 17 hole, C. G. Ram¬ 
say, Manchester, England, 5 ft. 

Low gross for 7 pre-selected holes, W. S. Lee, 31 
(par 27). 

Low net score, L. R. Keiffer, 68 (87—19, par 71). 

Further events, at Canterbury, in connection 
with the second flight: „ 

Low net score, E. S. Atkinson, 70 (92 — 22, par 72). 
Proximity of approach to No. 3 hole, C. G. Ramsay, 
47 in. * 

District No. 2 (Middle Eastern) took the 
team competition, L. M. Keating, G. A. 
Kositzky, G. V. Smith, and C. H. Teskey 
bringing in a total gross score of 691 for 36 
holes (par 572). 

Tennis 

With only 6 formally entered in the an¬ 
nual tennis tournament, the competition 
was not so widespread as in golf, but pro¬ 
duced some lively set? and close scores. 
With the Mershon tennis trophy awaiting 
the winner of the men’s singles the most 
active competition was in the singles events, 
although the Cleveland sports committee 
had prizes for the winners and the runners- 
up in each of the several events. With 
U.S. Lawn Tennis Association rules govern¬ 
ing, all preliminary matches were decided 
by the best 2 out of 3 sets, the finals by the 
best 3 out of 5. The Mershon trophy is 
available to Institute members, the winner 
being recognized by having his name en¬ 
graved on the cup and receiving a photo¬ 
graph of it, unless his be a second winning, 
in which event the cup passes permanently 
into his possession. With the addition of 
R. A. Monroe’s name as the 1932 winner, 
the names engraved on the cup will be as 
follows: 

1927— G. A. Sawin (M'13) East Pittsburgh, Pa. 

1928— P. H. Hatch (M’29) Stamford, Conn. 

1929— A. J. Gowan (A’23) St. Petersburg, Fla. 

1930— E. F. Lopez (M’18) Mexico City, Mex. 

1931— J. K. Peok (A’27) New York, N: Y. 

1932— r-R. A. Monroe (A’30) Pittsburgh, Pa. 

G. H. Gildersleeve (A’22) of Cleveland 
was runner-up; P. L. Alger (F’30) of 
Schenectady, N. Y., and E. F. Lopez 
(M’18) of Mexico City were eliminated 
in the semi-finals. ^ 
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Committees 

Cleveland general convention com¬ 
mittee consisted of Robert Linsay, honorary 
chairman; G. A. Kositzky, chairman; A. M. 
MacCutcheon, vice-chairman; G. B. Schnee- 
berger, secretary-treasurer; and F. E. Snell, 
Sleveland Section tsecretary-treasurer. To 
these leaders much credit must be given for 
the effective planning of affairs and for many 
of the novel and highly successful features 
included. The subcommittees and the 
affairs for which they were responsible are as 
follows: 

Banquet—B. W. David, chairman, E. W. Hen- 

V.' LS*™' c ' a Rip " y ’ a 
Entertainment—<2. N. Rakestraw, chairman, W. 
H LaMond, T. D. Owens, C. S. Ripley, and L. A. S. 
woods. 

Finance—G. E. Miller, chairman, H. J. Dible, 
H. Dingle, A. D. Fishel, G. H. Gildersleeve, W. H 

h M o rt i en ' R - L> Rathb °ne, W. M. 

I“: %&£ 3 d ”- s - B - **>"“• E -*• “0 

Hoteig—I. H. Van Horn, chairman, J. Sayre 
Christie, L. R. Keiffer, and W. H. Stiner. 7 

Ladies Entertafnment—Miss Deany C. LaZan 
chairman, Mrs. L. D. Bale, Mrs. F. W. Braund’ 
Mrs. Henry B. Dates, Mrs. B. W. David, Mrs 
Howard Dingle, Mrs. C. L. Dows, Mrs. E J 
Edwards, Mrs. E. W. Henderson, Mrs. G. A. 
Kositzky, Mrs. J. C. Lincoln, Mrs. A. M. Lloyd 
Mrs. A. M. MacCutcheon, Mrs. E. H. Martindale,’ 
Mrs. C. N. Rakestraw, Mrs. G. B. Schneeberver 
Mrs. J. M, Smith, Mrs. F. E. Snell, and Mrs. I.H 
Van Horn. 

“ d P «“—J«' ^ W 

Publicity—-E? H. Martindale, chairman, C. H 
lor nCh ’ F E Harre11, Fennel Smith, and S. B. Tay- 

® eC p Pti T °“? d I °f 6 ™? tI ? n - H - B - Dates, chair- 
£•' J ' Clements , H - J- Dible, R. C. Hardv 

F. E. Harrell, J. C. Lincoln, P. D. Manbeck, R. S.’ 
McIntosh, R. C. Putnam, and R. L. Rathbone. 

RegisUation—C L Dows, chairman, R. A. Carle, 

W ' Flaher j, r F - A - Noms, F. Von Voightlander, 
and Thomas Wray.’ 9 

_Sports A. M. Lloyd, chairman. Geo. Canning. 

« o*- F,nmcum ' w - E - McFarland, 

L. E. Miller, C. S. Ripley, and G. V. Smith. 

Sessions-H. L. Wallau, chairman, 

W. E. McFarland, J. J. Pokomy, and W. C. Saker. 

T" Braund| ehoirmon, A. D. 
Fishe 1 , G. H. Gilderskeve, H. T. Killingsworth 

G. H. Mills, and C. E. Winegartner. ’ 

.. Tri ^ s ~ L - D. Bale, chairman, J. Callahan, Ar- 
thur Eastman, M. R. Gowing, C. A. Harrington. 

R. A. Hudson, A. H. Nicholson, and H. W. Pinker- 


the 3 national conventions and 2 District 
meetings, 1,632 meetings were held during 
the year by the local organizations of the 
Institute in the principal cities and educa¬ 
tional institutions in the United States 
Canada, and fMexico. The report will 
appear in full in the quarterly Transac¬ 
tions of the Institute. 

The report of the committee of tellers 
on the election of officers of the Institute 
was presented, and in accordance there¬ 
with President Skinner declased the elec¬ 
tion of the following members taking office 
August 1, 1932: ' “ 

President: 

. H * F - Charlesworth, vice-president, Bell Tele¬ 
phone Laboratories, Inc., New York, N. Y. 

Vice-Presidents: * 

J. Allen Johnson, chief electrical engineer, Buffalo, 
Niagara & Eastern Power Corporation, Buffalo,' 

E. B. Meyer, vice-president, United Engineers & 
Constructors, Inc., Newark, N. J. ^ 

Auty ’ * a , 1 ! s “gtoeer, Commonwealth 
Edison Company, Chicago, Ill. 

£ hief en sineer, Central & South 
West Utilities .Company; vice-president, Pecos 
Valley Power & Light Company, Dallas, Tex. 

TT * ; S' superintendent of distribution, 

Utah Power & Light Company, Salt Lake City, 

Directors: 

TJwhL K ^ itZky ' Ch if f en « ineer ' The Ohio Bell 
Telephone Company, Cleveland, Ohio. 

A H Lovell, assistant dean and professor of 

ssl.'S" 1 ” 8, u ”' vmity •* 

National Treasurer: 

?f ofe “ 0r of electrical engineering, 
Columbia University, New York, N. Y. 8 

The board of directors for the next ad¬ 


ministrative year, beginning August 1,1932, 
wffi consist of these officers,/together with 
the following hold-over officers: C. E. 
Skinner (retiring president), East Pitts- 
tyirgh, Pa.; W. S. Lee, Charlotte, N.C.; 
W. B. Kouwenhoven, Baltimore, Md.; 
W. E. Freeman, Lexington, Ky.; p h 
P atton, Omaha, Neb.; A. W. Copley, San 
Francisco, Calif.; L. B. Chubbuck, Hamil- 
!? n ’ . 0 ° t ' ; 1 J; E - Kearns, Chicago, Ill.; 
F. W. Peek, Jr., Pittsfield, Mass.; C. E 
Stephens, New York, N. Y.; A. B. Cooper] 
Toronto, Ont.; A. E. Knowiton, New York, 
N. Y.; R. H. Tapscott, New York, N. Y.- 
L. W. Chubb, East Pittsburgh, Pa.* 
B. D Hull Dallas, Tex.; H. R. Woodrow, 
Brooklyn, N. Y. 

President Skinner then congra tulated 
President-Elect Charlesworth upon his elec¬ 
tion and presented him with the president’s 
badge. Mr. Charlesworth responded with 
a brief address, which was enthusiastically 
received. 

The report of the committee on award of 

i ooo tU - te prizes ’ as Published in the June 
1932 issue of Electrical Engineering 
P- 418 was read by W. H. Harrison, chair¬ 
man of the committee of award, after which 
the prizes were presented by President 
Skinner. 

The Lamme Medal for 1931, which, as 
announced in the March 1932 issue of 
Electrical Engineering, p. 209, had been 
awarded to Giuseppe Faccioli (A’04, F’12) 
of Pittsfield, Mass., was presented. 

The annual presidential address then 

p a 472^ V ) erCd ^ President Skinner - (See 
Adjourned. 

( Signed) H. H. Henline 
Acting National Secretary 


Officers, Delegates, and Members 
Hold Conferences in Cleveland 


Outline of Minutes 
of 1932 Annual Meeting 

_ With President C. E, Skinner presiding 

St f m ’fi, inee ? ing of the American In- 
shtute of Electrical Engineers was held at 
the Hotel Cleveland, Cleveland, Ohio, as 
tue opening session of the annual summer 
convention, Monday morning, June 20, 

The annual report of the board of di¬ 
rectors Was presented in abstract by H. H. 
Henline, acting national secretary. Printed 
copies were distributed to members in 
attendance-and are available to any mem- 

n,mri POn xT PPli ^ ti0n t0 Institute head- 
qtarters. New York, N. Y. The report 
which constitutes a resume of the activi- 
of .1”!^^ during the fiscal year 

tw ? 0 ’ 1932 a total member- 
ship on that date of 17,550. In addition to 


t o Mo uday and Tuesday afternoons, 
June 20 and 21, 1932, the conference of offi¬ 
cers, delegates, and members of the Insti¬ 
tute was held at Cleveland, Ohio, as part of 
the recent summer convention. This con¬ 
ference was under the auspices of the Sec¬ 
tion committee and the committee on 
student Branches. Present at this con¬ 
ference were delegates from 49 of the 60 Sec¬ 
tions, 9 of the 10 District secretaries, and 
counselor delegates from 7 of the 9 Districts 
in which committees on student activities 
have been organized, as well as officers 
officers-elect, and other members. 

After a brief opening sessioruon Monday 
afternoon, sessions A and B were held in 
parallel E. S. Lee, chairman of the Sections 
committee, presiding: over session A de¬ 
voted to Section activities, and Prof. W. H. 
Timbie, a chairman of the committee on stu- 
dent Branches, preriding over session B 
which dealt with protyems concerning the 
Branches and Enrolled Students of the In¬ 
stitute. Tuesday afternoon was devoted 
to a joint meeting of the two groups to dis¬ 
cuss subjects of common interest. 


The topics in a conference program, which 
had been mailed to delegates and others in 
advance, are given in the following outline: 

Monday, June 20, 2:00 p.m. 

1. Opening of Conference: 

ssss™* s - 1 “' ch “™“ <* *<“ 

; 2. Remarks by President C. E. Skinner 
3. Remarks by President-Elect H. P. Charles¬ 
worth 

HenUne iarkS ^ Acting Nati onal Secretary H. H. 

13 °“ ‘u* J f arallel sessions of Section and 
Student Branch delegates and members 

Session A—Section Meeting—Everett S. Lee 
Chairman 

f, . M , a . ki ” g the Institute nf even greater value to 
the individual member 

Everett S d L antageS of Institute membership— 

b - the membership committee brings 

these, advantages to the attention of pro¬ 
spective members—R.L. Kirk 

c. _ How the publications of the Institute 
maintain membership—E. B. Meyer 

d. _ How the committees of the Institute 
maintain membership—Prof. W. B. Kduwen- 
hoven 
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e. How the Sections of the Institute main¬ 
tain membership—J. J. Shoemaker 

f. ProblenQs of the finance committee—C. E. 
Stephens 

Intermission 

ft 

Discussion 

Session B—Student Branch and Enrolled Student 
Meeting—Prof. W. H. Timbie, Chairman 

7. Methods of teaching “Safety” to students 

8. Organization of engineering clubs in local high 
schools—Prof. J. T. Walther and F. C. Young 

<1 

9. Is it advisable to make student attendance at 
Branch meetings compulsory? 

10. Suggestions for improving Electrical Engi¬ 
neering 

11. Suggestions for securing delegate representa¬ 
tion for Branches located in District s having fewer 
than 3 Branches 

12. Student participation in District conven¬ 
tions—C. E. Baugh 

13. Nature and' content of program—Prof. M. S. 
Coover 

14. Should some organization similar to Student 
Branches be set up in trade and industrial schools? 
—Prof. W. J. Seeley 

16. Approved list of engineering colleges—G. L. 
Weller 

16. Cannot the customary appropriations from 
headquarters to Student Branches be paid in ad¬ 
vance as is done in the case of Sections? 

Tuesday, June 21, 2:00 p.m. 

Session C—General—Everett S. Lee, Chairman 

17. The professional status of the engineer—Prof. 
C. F, Scott 

18. Legislation affecting the engineering pro¬ 
fession—L. W. W. Morrow 

19. Special committee on Institute policies— 
C. E. Stephens 

Discussion 

Intequission 

20. Section and Branch cooperation 

21. The coming year—H. P. Charlesworth 

Copies of the annual report on Section and 
Branch activities for the fiscal year ending 
April 30,. 1932 were distributed. These 
may be secured without charge to Institute 
members by applying to headquarters. 

As indicated by the program, many sub¬ 
jects of great importance to the Institute 
were discussed. At the Section meeting, 
considerable attention was devoted to the 
matter of transfers, while at the student 
Branch and Enrolled Student meeting, 
much encouragement was given the forma¬ 
tion of engineering clubs in high schools and 
the matter of providing talks .before high 
school groups to be given by prominent and 
capable engineers. 

Recommendations Adopted 

The principal recommendations to the 
board of directors which were adopted are 
summarized briefly as follows:' 

1. Clarification of the relations between Associate 
and Member dues and the requirements for ad¬ 
mission to the grade of Member. 

2. Joint action by the Institute and other engi¬ 
neering societies to encourage the formation of en¬ 
gineering clubs in high schools. 

3. The publication of one “feature article” in each 
issue of Electrical Engineering. . 

4. The submission, by Institute headquarters to 
geographical District committees preparing for 
District meetings, of certain definite suggestions 
regarding the formation of a sub-committee to 
prepare for a student session and to make suitable 
arrangements for all phases of student participation 
in the meeting. 

All of these recommendations were con¬ 


sidered at the meeting of the board of direc¬ 
tors held on June 22, and the following ac¬ 
tions were taken (the numbered paragraphs 
refer to the corresponding recommenda¬ 
tion) : 

1. Appointment of a special <$>mmittee was au¬ 
thorized. 

2. Referred to Institute representatives on the 
conference on certification into the engineering pro¬ 
fession. 

3. Referred to the publication committee. 

4. Approved^ 

An abstract of the proceedings of the en¬ 
tire conference will Be printed in pamphlet 
form and mailed to all delegates present; 
also to Institute, Section, and Branch offi¬ 
cers. Any member of the Institute, may 
secure a copy without charge by applying to 
headquarters. 


Lamme Gold Medal 
for 1931 Awarded 

FORMAL presentation of the Lamme 
Gold Medal established by provision of the 
will of Benjamin Garver Lamme (deceased 
July 8, 1924) for the encouragement and 
recognition of “meritorious achievement in 



the development of electrical apparatus or 
machinery’' took place June 20, 1932 at the 
annual business meeting of the A.I.E.E. 
during $ie summer convention at Cleve¬ 
land, Ohio, with Giuseppe Faccioli 
(A’04, FT2) retired associate manager of 
the Pittsfield (Mass.) works of the General 
Electric Company, medalist for 1931. 
Mr. Faccioli (see p. 209, Electrical Engi¬ 
neering, March 1932) was chosen to 
receive this award “for his contributions to 
the development and standardization of 
high-voltage oil-filled bushings, capacitors, 
lightning arresters, and numerous other 
features in highi voltage transformers and 
power transmission.’’; The first A.I.E.E. 
award of the Lamme Medal, made in 1928, 
was to A. B. Field (A’03, FT3) consulting 
engineer, Manchester, Eng., subsequent 
medals going to R» E. Hellmund (A'05, 
F’13) chief electrical engineer, Westingt 
house Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pai, and W. J. 
Foster (A’07, F’16) consulting engineer, 


retired, General Electric Company, Sche¬ 
nectady, N. Y. 

By Mr. Lamme’s will, two other similar 
bequests were made, one to Ohio State 
University, the recipients of this medaf to 
be a graduate or graduates of any of the 
university’s engineering branches and the 
award to be "for meritorious achievement fn 
engineering or the technical arts.’’ The 
Lamme medals of Ohio State University 
will be presented this year to A. V. Blein- 
inger, chemist to the % Homer Laughlin 
China Company, and to R. D. Mershon 
(A’95, F’12 and past-president), consulting 
engineer and chemist, New York, N. Y. 


Junior Engineers 

Plan Industrial Projects 

An interesting project program for junior 
members ha 1 ? been carried on successfully 
for some time by the Western Society of 
Engineers of Chicago, Ill* and more re¬ 
cently was taken up actively by the Cleve¬ 
land (Ohio) Engineering Society. Junior 
members of these societies have organized 
themselves into fictitious holding, con¬ 
struction, and operating companies, and 
as such will undertake to solve the various 
problems that confront a typical industrial 
organization in undertaking new or en¬ 
larged operations including new manu¬ 
facturing plant facilities. * 

The fundamental idea of the activity, as 
far as the societies are concerned, 85 to pro¬ 
vide a continuity of interest in their junior 
member programs and to make these pro¬ 
grams of definite interest and value to the 
junior members by giving the maximum 
number a definite responsibility in the 
various projects. The juniors consulted 
local firms having to do with the design, 
erection, and equipment of industrial 
buildings, and obtained from such firms the 
original specifications which had been given 
to the firm by the owners of a typical in¬ 
dustrial project. Wi£h these plans in 
hand the junior members of the societies 
organized themselves into the necessary 
hypothetical finance, construction, and 
operating companies with related subsidiary 
units to study the various problems involved. 

The junior members sent in formal “ap¬ 
plications” for positions in the hypothetical 
companies outlining their qualifications, 
etc. The junior personnel of the various 
“companies” and "departments” will handle 
all of their own investigations, analyses, 
and design and operating problems, and 
will follow the work through to a complete 
“plant” design to meet economically the 
production and marketing requirements as 
determined by the various studies. After 
these plans have been completed they will ’ 
be checked, through the courtesy of the 
local firms, against the actual solutions to 
the original problems, and against the actual 
plants themselves. 

These activities seem to have aroused 
great interest among the junior members 
of both the Chicago and the Cleveland 
societies, and it seems probable that many 
of the Student Branches of the Institute 
might, to advantage, undertake similar 
projects with the helpful cooperation of 
related local sections. 
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Summarized Review of 
• Some Providence Meeting Discussions 


Principal discussions of Providence 
District meeting papers are summarized 
herewith. The papers to which these discus¬ 
sions refer were abstracted in Electrical 
Engineering for April 1932, p. 263-7. 

Only discussion ^submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discus si on , to¬ 
gether with all approved papers, will be 
published in the Transactions. 

Parallel-Type Inverter 

W. M. Goodhue (Cambridge, Mass.) 
described experiments which showed that 
static oondensers may be omitted also when 
the a-c. line is replaced by a salient-pole 
damper winding synchronous motor. A 
6-phase circuit with 6 thyratrons was used 
because it was preferable to operate the 
motor polyphase. The grids were excited 
by a polyphase induction phase-shifter con¬ 
sisting of a slip-ring induction motor with 
the rotor turned by a handwheel and worm 
drive, and in s u la t i n g transformers for the 
rotor output. This phase-shifter was sup¬ 
plied directly from the terminals of the 
synchronous motor so that the inverter was 
permanently locked in step with the motor, 
and would automatically follow any speed 
changes. It was explained that the synchro¬ 
nous motor took load up to the mavimti^ 
rating of the* tubes, and showed no tendency 
to hunt or to fall out of step even when the 
shaft load was suddenly rftangAfl 

Electric and Magnetic Units 

L. C. Eddy (Riverside, R. I.) believed 

_ _ 1 _ M 


—-» av, x.j uciicveu 

that the general relations of units presented 
in the paper might prove to be of ultimate 
value for more thoroughly understanding 
universal relations of even certain forms of 
life. Both radio-activity and magnetism 
depend on certain relations or numbers of 
electrons or atoms much as animal life 
itself appears mainly where carbon is pres¬ 
ent in more or less definite relations with 
other elements. 

Performance Calculations on 

Induction Motors 

■ • -R* West (Pittsfield, Mass.) discussed 

this subject and advocated using a method 
of calculation which would give the desired 
accuracy with the least labor. He believed 
that the results of algebraic analyses, ar¬ 
ranged in systematic form such as Mr 
Veinott is using, could be used more profit¬ 
ably than they are at present. 

R. E. Hellmund (East Pittsburgh, Pa.) 
discussed and explained why the discrepancy 
between the results obtained from load 
tests and those obtained by calmia+ in p 
methods from no-load values and other 
motor constants has been greater than it 
wm 20 years ago. The up-to-date motors 
with smaller dimensions have higher flux 
dmaties and also more ampere conductors 
within a unit of space than was found in 
the earlier ones which most likely means 
ut general more ampere conductors per slot 
thm mtheulder designs. Then the zigzag 
and slot leakage fluxes would increase, tend¬ 
ing toward greater saturation at load, espe- 
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cially in the tooth tips of partially closed slot 
machines. Since all theories deriving motor 
performance from the motor constants 
neglect the effect of saturation, he explained 
it was *ot surprising that in the modem 
designs there should be a greater discrep¬ 
ancy between such calculated results "and 
tests made under actual load conditions. 

. ■ Smith discussed several points in 
this paper and he believed the method per- 
ajjttyl quick approximations or accurate 
calculations as desired. He questioned, 
however, the influence of friction and wind¬ 
age on the current through the shunt dr- 
ernt and he did not believe that core loss 
always, decreased with the load. In the 
determination of secondary loss in cases 
where the actual slip was available, he 
believed it might be advisable to substitute 
this for the secondary resistance. 

Another discussion by P. H. Trickey 
(Springfield, Mass.) slated that he had 
used the author’s method of calculation 
for over a year for both single-phase and 
polyphase motors rated between 2 hp. and 
3 watts output and obtained very satis¬ 
factory results. * 

Stray-Load Loss in Induction Motors 

O. C. Rutledge (New Haven, Conn.) 
compared the results obtained in the paper 
py Pfeciag them on a percentage basis tak¬ 
ing the input-output method as 100 per 
cent for each case. His analysis showed 
that method A gave low values while 
methods B and C gave permissible average 
values but there was a considerable spread 
from minimum to maximum. Mr Rutledge 
also presented curves obtained from testo 
on a 10-hp. wound rotor machine. Com¬ 
parisons of both the input-output and direct 
methods were shown in curves plotted for 
loss against line current. These curves 
indicated that in the vicinity of full load 
the loss by direct measurement is of the 
same order of magnitude as that by input- 
output determination. However, the shape 
of the curve still left open the question as 
to whether or not the pulsation loss by the 
d-c. method is a correct representation of 
the true pulsation loss under load. 

Messrs. O. C. Schoenfeld and S F 
Henderson (East Pittsburgh, Pa.) discussed 
the paper and they believed the method 
outlined had some merits although not 
theoretically correct nor could they check 
it experimentally. In their opinion proper 
consideration had not been given to the 
effect of saturation which could have con¬ 
siderable influence and as a result the d-c. 
short-circuit method gave values in excess 
of those obtained under normaUoad condi- 
tions. A tabulation of their tests showed 
rtui load efficiencies and stray load losses 
for 6 motors. The results indicated that 
the method proposed did not give suf¬ 
ficiently accurate results and the conven¬ 
tional efficiency in several cases gave results 
doser to the input-output value although 
the error was in the opposite direction. In 
general, the correction factors proposed by 
Ltnckh were correct but, as they were based 
on only a few tests, they should be further 


checked. In condusion, the discussers did 
not believe that the method /proposed sim¬ 
plified facilities or shortenea time testing. 

L. E. Hildebrand (Lynn, Mass.) also 
qjscussed this subject and dted the dif¬ 
ficulties with present test methods. He 
believed that in all practical work a con¬ 
ventional effidency test induding a con¬ 
ventional load loss is certainly superior to 
ignoring load loss. Also this test with an 
average crew and equipment should be 
superior to the impractical input-output 
test providing a method is used for deter¬ 
mining a conventional load loss which gives 
consistently repeatable results approxi¬ 
mate equal to the true load loss. It was 
bdieved that such a method should be 
legalized and that the author’s method D, 
with C as a permissible alternative for 
single-cage motors, seemed practical for a 
tentative permitted method. 

Another discussion by H. L. Bamholdt 
(East Pittsburgh, Pa.) took exception to 
the proposed method D for squirrd-cage 
induction motors because only one test was 
indicated comparing this method with the 
input-output test. While this checked 
quite closely it was believed that, if a num¬ 
ber of tests were made, they might show 
as wide discrepancies as methods A, B„ 
and C. Further tests and greater con¬ 
sistency of test results were suggested as 
necessary before attempting standardiza¬ 
tion. The discusser also suggested an 
arbitrary allowance, say 3 / 4 per cent, to 
cover stray-load losses on large indm-f ion 
motors. Input-output tests could be marU 
when opportune so as to revise the allowance. 

Still another discussion on this subject 
by C. G. Veinott (East Pittsburgh, Pa.) 
commended the author for his endeavor to 
measure the stray-load loss in polyphase 
induction motors. He thought the paper 
brought out reasons why the Institute 
should make a distinction between large 
and small motors and should, in his opinion, 
recommend the directly measured efficiency 
(input-output method) for the small mo¬ 
tors. This opinion was based on the im¬ 
portance of stray-load losses in sma ll 
motors and the ease, cheapness, and re¬ 
liability of the input-output method. It 
was believed the dividing line between 
methods should be in sizes above 3 hp. 

P. L. Alger (Schenectady, N. Y.), chair¬ 
man of the committee on electrical machin¬ 
ery, discussed this subject as follows: 

"The general opinion expressed was that, 
while it is very desirable to establish a 
standard method for determining induction 
motor load loss®, and while Mr. Koch’s 
proposals are fundamentally sound, much 
yet must be done in the way of study and 
tests before any method can be adopted as- 
a standard. 

"There was general agreement that 
measurement of the rotational losses by 
driving the motor at normal speed with 
direct current in the stator winding is an 
essential element in any direct measure¬ 
ment of sfray-load loss. A difficulty arises, 
.lowever, .in the determination of the cor¬ 
rect secondary I a R loss to be subtracted 
from the total rotational losses. 

If the rotor PR loss is determined on 
tiie basis of the resistance corresponding 
to normal load dip, the value obtained is 
too small, since it does not include the full 
frequency rotor iron and copper losses. 
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These errors are very large on deep bar or 
double squirael-cage motors, and for this 
reason methods B and C are regarded as 
undesirable for general use. 

“While determination of the rotor losses 
by measurement of the standstill torque 
at full load current almost gives theoretically 
correct results, it is very difficult to carry 
out in practise on small motors, because of 
the irregularity of the torque position curve 
and the errors due to bearing friction. 

“Determination of the rotor losses by 
measuring the impedance watts input and 
subtracting from it the primary PR loss is 
convenient and approximately correct in 
the case of overhung slot motors, but it 
gives a value of rotor loss which is slightly 
too large, and, therefore, gives a value of 
stray-load loss somewhat too small. This 
error is somewhat offset by the existence of 
saturation in the ffux leakage paths under 
normal load conditions. It seems practical, 
therefore, to get accurate results by this 
method, if a simple correction factor of 
perhaps 10 per cent is applied to the primary 
copper loss. 

“In conclusion, method A should form 
the basis of standards for stray-load loss 
measurenffent in the case of overhung pri¬ 
mary slot motors of one hp. and larger, 
with the addition of a multiplying factor 
of perhaps 1.1 for the primary copper loss 
on the standstill impedance test. Method 
D should form the basis of standards for 
stray-load loss measurement in the case of 
open primary slot motors (which are gen¬ 
erally built in ratings of 20 hp. and larger). 
Direct input-output tests should remain 
standard for fractional hp. motors and 
shotild remain optional for larger motors. 

“The induction motor subcommittee of 
the committee on electrical machinery is 
now reviewing this problem, and plans to 
submit some definite recommendations on 
the subject to the standards committee in 
the near future.” 

Synchronous Machine Characteristics 

J. W. Butler (Schenectady, N. Y.) dis¬ 
cussed this subject and analyzed mathe¬ 
matically the calculation of damping torque 
for comparatively large sustained oscil¬ 
lations. He also emphasized the equivalent 
circuit shown in Fig. 9 of the paper which 
can be used to calculate any sort of a tran¬ 
sient in a machine, including resistance, 
within the assumptions made. One par¬ 
ticular use which was made of the circuit 
was in calculating decrement curves, for a 
fault on a generator feeding an impedance 
load, considering the effect of the load 
resistance in the time constants and magni¬ 
tudes of the current. 

In connection with this subject (S. H. 
Wright) dted certain prime advantages of 
low and high resistance dampers. Low- 
resistance dampers, he explained, tend to 
rapidly damp out swings which occur 
during symmetrical circuit conditions. For 
2-machi n e stability problems, or multi¬ 
machine problems, where there are no se¬ 
rious compound oscillations, high resistance 
dampers give higher transient stability 
limits, especially for the longer clearing 
times, such as greater than 16 cycles where 
f = 60 cycles per sec. However, in the 
future, dealing time will probably be re¬ 
duced to 8 cydes or less; interconnections 
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and other factors will make compound 
system oscillations more important, so that 
greater damping ability, under symmetrical 
circuit conditions, of low-resistance dampers 
would become of paramount importance. 

a 

Capacitor Motor Design 

L. A. Doggstt (State College, Pa.) ques¬ 
tioned the theory of the capacitor motor 
developed on the assumption of sip.e waves. 
An oscillogr<am of current waves taken when 
a capadtor motor running light was operat¬ 
ing from practically a sinusoidal source 
showed values 4.4, 6.1, and 2.4, respec¬ 
tively, for line current, capadtor-phase cur¬ 
rent, and main-phase current. The, wide 
departure of these currents from sinusoidal 
shape throughout the whole range of oper¬ 
ation was brought out by an PR, PX analy¬ 
sis of the load run test data. The wide 
discrepancies in tabulated PX values was 
believed to indicate the presence of large 
harmonics. 

P. L. Alger (Schenectady, N. Y.) com¬ 
mented on several points of L. A. Doggett’s 
discussion. In his opinion the discussion 
was incomplete, when it simply pointed out 
the presence of harmonics and questioned 
the validity of the theory which neglects 
them, without some figures showing the 
actual magnitude of the errors they may 
introduce. If the ratio of the actual to the 
assumed sinusoidal copper losses were cal¬ 
culated from the test oscillograms, the re¬ 
sults presented would be more interesting. 
In reference to the comparison of line PX 
with those of the 2 branches the discusser 
pointed out that 8 out of the 9 cases checked 
closely and he believed that discrepancies 
in the other cases could be due to the in¬ 
accuracies inherent in the calculation from 
observed values of voltage, current, and 
watts. 

Another discussion by C. G. Veinott 
(Springfield, Mass.) brought out that this 
paper showed the conditions which must be 
met in order to obtain operation equivalent 
to that of a 2-phase motor and incidentally 
brings to light important conclusions. For 
example. Fig. I in the paper showed that the 
ratio of capacitor phase turns to main-phase 
turns was of the order of the tangent of the 
power-factor angle of the motor when con¬ 
sidered as a 2-phase motor with both phases 
like the main winding. It is, therefore, 
necessary to have control of the winding 
ratio as well as the external microfarads in 
order to^btain balanced operation. Conse¬ 
quently any polyphase motor cannot neces¬ 
sarily be operated as a polyphase motor 
from a single-phase source merely by the 
addition of a capacitor of suitable value in 
one phase. 

Multiple Conductors 

In connection with this subject Dr. 
Hillel Poritsky (Schenectady, N. Y.) de¬ 
scribed the method in which he obtained the 
exact solution for the maximum potential 
gradient of 2 cylinders having charges equal 
in magnitude and of the same sign. This 
required doubly periodic or elliptic functions 
for its treatment ajjd the formula obtained 
is applicable to determine the critical dis¬ 
ruptive voltage of a double conductor trans¬ 
mission circuit. 

S. B. Crary (Schenectady, N. Y. ) dis¬ 


cussed the comparison of maximum poten¬ 
tial gradient obtained by approximate and 
correct formulas for the case of multiple 
conductors with charges of equal magnitude 
and the same sign. He explained that* for 
practical cases eq. 5(c) in Miss Clarke's 
paper was developed. This formula cor¬ 
rects for the field distortion due to the cdh- 
ductors of the same phase by making 2 
assumptions. First, the field distortion 
due to the conductors of the other phases 
and tlje ground plane is negligible. Second, 
the fidd produced by the other conductors 
of the same phase may be considered uni¬ 
form in the region of the conductor under 
consideration. The accuracy obtained by 
using this approximate eq. 5(c) was shown 
graphically compared with the results ob¬ 
tained by using Dr. Poritsky’s formula. 
It was essentially correct for a ratio of spac¬ 
ing to conductor diameter as low a^ 5 to 1. 
Another curve showed that if fidd distortion 
were neglected for this ratio it would have 
resulted in an error of 15 per cent. 

Another discussion by W. W. Lewis 
(Schenectady, N. Y.) considered the eco¬ 
nomical aspects of the problem. He pointed 
out that the large weight of conductors 
required heavy towers and short spans. 
Also to obtain continuously decreased 
reactance, increased capadtance, and in¬ 
creased corona starting voltage, it was de¬ 
sirable to maintain as dosdy as possible 
the spadng between conductors in the 
same phase and in the different phases. 
This would require special Insulating ar¬ 
rangements afnd supporting and separating 
yokes which would increase the* expense. 
The discusser gave cost data compiled as a 
result of a comparative study of split con¬ 
ductor 345 kv. and 230 kv. lines as compared 
with conventional lines of the same voltage. 
From these data it appeared that at 345 kv. 
the 2 conventional lines had about the 
same cost per kv. and same yearly charge 
as one split conductor line. However, 2 
conventional circuits have a greater total 
caparity and have the obvious advantage 
that the total flow of power is not dependent 
upon one tower line. "At 230 kv. the com¬ 
parative costs and yearly charges were 
about the same; however, the conventional 
lines had a considerable margin of greater 
capacity. „ 

W. S. Moody (Pittsfield, Mass.) also 
discussed this subject in relation to the 
suggested methods of obtaining the reactive 
voltage by the use of transformers having 
very high magnetizing current resulting 
from the use of air gaps in their magnetic 
circuit or separate reactances distributed 
along the line. He explained that even the 
slight air gaps commonly used in European 
transformer practise have proved a very 
troublesome feature and they are gradually 
being dropped for our interleaved core 
construction. The 4 very long gaps re¬ 
quired would drive a very heavy flux into 
the winding space of the transformer. 
This would necessitate very small con¬ 
ductors to avoid excessive eddy losses in 
them and would thus greatly weaken the 
windings mechanically. The varying den¬ 
sity of the flux along the wire space also 
would create great difficulty in a parallel 
connection of any portion of the windings. 
Therefore, distributed loading coils would 
be preferable to obtain the necessary reac¬ 
tive voltage. 
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Plans to Proceed for 

Colorado River Aqueduct 

^formation has been received from Cali- 
1 » r 5 ,a . to effect that the Supreme Court 
IQ -30 0niia rendered a decision on June 2 , 
the bonds' for the construction of 
the Colorado River aqueduct are valid. 
These bonds total $220,000,000 and were 
authorized by the 13 cities composing the 
metropolitan watrr district of southern 
California on September 29, 1931 . The 
purpose of the bonds is to finance an aque¬ 
duct to supply the Los Angeles metropolitan 
area with water from the Colorado River. 

The main aqueduct will be 240 miles long. 
Storage facilities for regulating the flow will 
be provided, as well as distribution lines 
for delivering the water to the existing sys¬ 
tems in the cities of the metropolitan water 
district. Power for pumping will be secured 
principally from the government plant at 
Hoover Dam, supplemented by «moiw 
amounts at vqyious parts of the system. 
The total static pumping lift will be 1,583 
ft. It is contemplated that an average flow 
of 1,500 sec.-ft. will be diverted from the 
Colorado River and carried over the high 
lfulds to the Los Angeles basin. 

At present it is planned to construct a 
diversion dam to raise the water surface 
72 ft., creating a reservoir of 716,000 acre-ft. 
capacity. An opportunity also is afforded 
for the develppment of 80,000 kw. of elec¬ 
trical energy. 

Although this great project will require 
the employment of a large force of men, 
a word of warning has been expressed to 
discourage large numbers of men coming 
to the district in the hope of securing work. 

It is stated that men are now available in 
southern California in excess of all require¬ 
ments for every opening that the aqueduct 
work can possibly afford for months to come. 


A Tribute to 
Frank J. Sprague 


A meeting of appreciation and tribute to 
Frank >. Sprague (A’87, FT2, HM’32 and 
past-president) is to be held Monday, 
July 25, 1932, at 8 p.m. in the Engineering 
Societies Auditorium, 33 West 39th Street 
New York, N. Y. Doctor Sprague, engi¬ 
neer, scientist, and inventor, is to be honored 
on the seventy-fifth anniversary of his 
birth for his long service to industry. 



F. J. SPRAGUE 


Radm Study in (fopper Country.—Am a- 
Jf™ short wave radio station W9YX and 
W9XAW at the Michigan College of Mining 
and Technology, Houghton, Michigan, was 
opened m January 1931. Since that time 
experiments in radio transmission have been 
conducted, consisting largely of attempts to 
determine what type of transmitters and 
aenals are best suited to the station’s lo¬ 
cality, the Michigan copper country. The 
most difficult problem is to overcome the 
great day-to-day variation in range of con¬ 
sistent communication. Receptivity has 
been found to vary, although it changes less 
than the transmission range. The staff at 
the Midugan college has tested Hartley and 
tUn f-l" plate ’ tu ned-grid transmitters and 
modifications which it has devised. Satis¬ 
factory communication was established 

o’ Jnn 2 "S* the present set consis t- 
mg of a 100 -watt tuned-plate, tuned-grid 

transmitter for continuous wave work, and 

a low power 7 5-watt phone set. The station 

operates on 40 and 80 meters. Aerials ex¬ 
perimented with have variations or modifi- 
cabons of the Hertz antenna, vertical types 
of Zeppelin, horizontal Zeppelin, and s2?l e - 

1932 tife^tiff ed + imPe f ailCe - February 

1932 the staff returned to the voltage-fed 

Hertz type used earlier. The next ejperi- 
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(Electrical Engineering for February 
1932, p. 139-40 outlined the achievements 
ot Doctor Sprague, a pioneer in electrical 
applications, principally of electric motors, 
railways, and elevators.) 

The meeting is being held under the 
auspices of the Frank J. Sprague anniver-r 
sar ^ _ comrni ttee, Gano Dunn, chairman, 
and C T. Hutchinson, 52 William Street, 
New York, N. Y., secretary. Presidents and 
secretaries of the leading, engineering and 
related societies, as well as a large group of 
other prominent individuals, are assisting 
the committee. The program for the meet¬ 
ing is as follows: 

10 ■ i *"~ 

"Frank J. Spragub —A Tribute," Rear 
Admiral S. S. Robinson, U.S.N. (Ret.). 

Response: Frank J. Sprague. V 

Members of the assisting societies and 
friends are invited. 


f Elevators for l 
Carlsbad Cavern 

eliminate a 750-ft. climb that formed 
an irritating but necessary part of a visit 
to the major features of the Carlsbad 
Cavern, N. M., the national park service has 
provided a passenger elevator by which 
tourists are taken to the main level of the 
cave. The development consists of -pro¬ 
viding a high-speed .passenger elevator of 
modem design and safety equipment in a 
shaft drilled simultaneously from top and 
bottom through 754 ft. of rock to the main 
cavern level. The cavern in this national 
park contains the largest series of under¬ 
ground caverns ever explored, extending 
through 50 miles of known chambers and 
corridors. 

The shaft size was 6 ft. 10 in. x 14 ft. 3 in. 
inside the concrete lining. The shaft was 
lined with gunite varying in thickness from 
U m. to several inches. The elevator, 
house, shaft, and guide construction are 
entoely fireproof, with guide-rail supports 
of /-beam sections set into the rock walls. 

The steel headframe is the center of a 
3-story shaft house. The first floor is 
occupied by the elevator landing, the second 
floor is used as a generating room, and the 
tiurd contains the machinery and controls. 
The roof will be used as an observation 
galley. A novel feature of this building 
will be the provision for natural heating, 
cooling, and ventilation, using air from the 
cavern, which is always at a temperature of 
56 deg. 

^ eva * or is of modem electric type 
with self-leveling cage carrying 12 persons. 

It is planned to operate at a speed of 700 
ft. per min. One elevator has been in- 
stalled at the present time, and a second 
will be added later in the other compart¬ 
ment. With the exception of a few of the 
elevators in the Empire State Building, 
the present installation is the longest single- 
lift passenger elevator in the world. The 
equipment contains all automatic safety 
devices found in usual building installations. 
—Excerpte from an article by P. A. Kittredge and 

Record, jtne W fl i932 Pear, ” g Ensineering iW 


An all-welded condenser, reputedly the 
largest of its kind ever built, is one of the 
principal features of interest in the newly 
enlarged Kearny, N. J., steam-electric 

If** 0 * of ^ Pl *Uc Service 
Electric and Gas Company. The con¬ 
denser contains 11,900 24-ft. tubes, and, 
S water rate of 105,000 gal. 

per min., it is expected to handle the 780,000 
required by the newly 
installed 75,000-kw. turbine generator set; 
the recent completion of which is reported 

*** ca P aci ty of the Kearny 
station from 214,500 to 289,500 kw. 


Philadelphia Engineers Are Helping Each 
Other. An organization has been formed 
of unemployed engineers, who, true to their 
vocation, are doing their bit toward keeping 
up the morale of their fellow engineers, and 
serving industry by helping it in securing 
competent technical help. This organiza¬ 
tion is the technical service committee of 
' the Engineers’ Club of Philadelphia, Pa., 
located at 1317 Spruce St. The committee 
is an association of 12 national engineering 
societies, and its cooperation with the state 
employment commission makes it an or¬ 
ganization of permanence. A very com¬ 
plete group of 850 highly technical men is 
ready to fill any gap: that may exist in an 
organization. As stated by the committee, 
it is well worth noting that these technical 
men. are plentiful now, but when the 
pendulum begins to swing upward again 
they will be scarce, and the employers who 
will take advantage of this opportunity now 
will have the most stable organization when 
business is back to normal. 
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Letters to tiie Editor 


Eliminating Transients 
in D-C. Welding Generators 

To the Editor: 

In addition to the interesting papers by 
Messrs. S. R. Bergman (“Transforming 
Reactor Improves D-C. Arc Welding,” 
Electrical Engineering, April 1931, p. 
283-5) and by J. H. Blankenbuehler (“An 
Improved Welding Generator,” Electrical 
Engineering, August 1931, p. 666-8) and 
the “Letter to the Editor” by C. J. Holslag 
("Characteristics of Arc Welding Gener¬ 
ators,” Electrical Engineering, January 
1932, p. 59) let me point out that I was 
probably the first to suggest the application 
of static transformers to d-c. generators 
supplied with multiple fields (separately 
excited and series fields for instance), in 
order to obviate the undesirable transients. 
In 1911,1 took a French basic patent num¬ 
ber 444,322, assigned to the “Soci6te 
Alsadenne jle Constructions M6caniques,” 
and some time later, the same idea was 
applied by R. Thury to high tension d-c. 
generators for constant current power 
transmission. 

More recently, I patented the special 
application to arc welding generators, and 
in 1927 a full description of such improved 
generators was published in “Bulletin de la 
Socidt6 Alsadenne de Constructions M&- 
caniques” April 1927, p. 45; since 1928, 
they have been built by the French company 
“Als-Thom.” Some years ago, complete 
information was given to American firms, 
but they were not interested in acquiring 
rights under my invention. 

Very truly yours, 

J. Bethbnod (A'18) 
(Consulting Engi¬ 
neer, 48 Quai d’Auteuil, 
Paris, France) 


Propagation Constant 
of a Transmission Line 

To the Editor: 

In the February 1932 issue of Electrical 
Engineering, p. 128-9, appeared an article 
by W. J. Creamer, Jr., “Propagation Con¬ 
stant of a Transmission Line” in which 
the author summarizes his problem and 
results thus: “The propagation constant 
of a transmission line usually is developed 

by means of differential equations. 

A derivation of this constant which depends 
only on the application of Kirchhoff’s 
laws and simple hyperbolic trigonometry 
is given bdow.” I have the following 
comments to make: 

1. There is nothing new in the method used by the 
author. Steady-state transmission theory in 
general may be and has been derived by the method 
used in the paper. 

2. In deriving the result the author introduces 
an approximation which is unnecessary and is 
usually not made in deriving the propagation 
constant by this method. 

In support of these comments, reference 
can be made to “High Frequency Alter¬ 
nating Currents” by Knox Mcllwain and 
J. G. Brainerd, in which eq. 190 is the same 
as eq. 3 of the paper except that voltages 
rather than currents have been used; 
eq. 191 is the same as eq. 4 of the paper, and 


the derivation of the propagation constant 
of a line, as given on page 318, of the above- 
mentioned text-book, is more exact than 
that given in the paper. Incidentally it 
should be noted that the authors of the 
text-book cited clearly state that the 
material is not original, and indeed the 
method used in the paper is a relatively 
old one, known to antedate the text by 
some years. 

Very truly yours, . * 

H. C. Hart * 

(Moore School of Electrical Engi¬ 
neering, University of Pennsyl¬ 
vania, Philadelphia, Pa.) 

Savings 

and Investment 

To the Editor: 

According to the Progress Report of the 
American Engineering Council ("The Re¬ 
lation of Consumption, Production, Distri¬ 
bution,” Electrical Engineering, June 
1932, p. 373-9), the principal cause of a 
business depression is 0 that savings are 
made at a rate faster than investment. 
Such a statement needs a word of explana¬ 
tion. The true measure of savings is the 
amount of goods in existence. All that 
exists now has been saved from some past, 
time, possibly saved for only a few minu tes, 
or possibly for thousands of years, but it 
all has been saved. Investment consists 
of saving in some form that will yield a 
profit. When a man saves his old clothes 
to do dirty work in, that is saving but not 
investment. The excess of saving over 
investment literally refers principally to 
that type of saving. Yet it is perfectly 
evident that the committee had some 
entirely different idea in mind. 

. The report suggests that it is referring to 
money, that when the community as a 
whole takes in more money than it spends 
either for consumption of goods or it places 
in investment, then we have a depression. 
This appears to be the thought behind the 
report, but a little consideration is enough 
to show that the community cannot 
possibly do anything of the kind. Mr. 
Brown has a hat and Mr, Smith $3. Mr. 
Smith may keep the $3 and Mr. Brown keep 
the hat, or they can trade so that Mr. 
Brown will have the $3 and Mr. Smith the 
hat, but the money is saved just the same. 
It is still saved by some one, no matter 
how many times it is spent. All the money 
issued is saved, and no more can be saved, 
no matter what is done in business. 

Possibly the hoarding of money is re¬ 
ferred to. There are times when money 
is hoarded in unreasonable amounts, but 
there is no reason to think that money 
was so hoarded in 1929. That seems to 
have been a^time of free spending rather 
than hoarding. Money hoarding has been 
blamed for many things, and it doubtless 
has caused some damage, but evidence that 
it is a major factor in the business cycle is 
entirely lacking. 

It is hard to tell what the committee had 
in mind when it referred to the excess of 
savings over investment. We cannot take the 
words in their strict literal meaning. That 
would produce a result evidently absurd. 
We cannot take them to mean saving 
money, for the community as a whole can¬ 


not change the* amount of money saved. 
I cannot think of any interpretation of the 
statement that will stand examination on 
sound principles of economics. But 
whether the committee is advocating *a 
sound or unsound economic program, 
when they use a statement as the founda-** 
tion on which their inform program is* 
based, this statement should at least be 
expressed so that there would be no doubt 
as to its meaning. 

Very truly yours, 

A. Forbes (A’12) 
(Forbes & Myers, 
Worcester, Mass.) 


injuries From 
Electric Shock 

To the Editor: 9 

I have read with considerable interest over 
the period of the past few months, the com¬ 
ments in "Letters to the Editor" in connec¬ 
tion with the published results of Doctor. 
Kouwenhoven’s researches dielectric shock, 
particularly the protests of our anti-vivi- 
sectionist members. 

There can be no question but that these 
protests sure in good faith and registered in a 
sincere belief that the taking of life for any 
purpose is wrong; however, this is no place 
to argue the merits and demerits of surgical 
experiments upon living specimens. I 
would like to state myself definitely on the 
relation of electric shock to electrical engi¬ 
neering as a profession. 

Cases of electrical shock are almost with¬ 
out exception the natural result of the in¬ 
creased use of electrical power, they usually 
have as a victim a person directly connected 
with the electrical industry, the discoverers 
of a victim of electric shock are in nearly 
all cases employees of the electrical indus¬ 
try and as such would administer efforts 
at resuscitation, and last but not least, the 
only individuals, with but few exceptions, 
who appear to have any interest in com¬ 
bating the results of electric shock are the 
insurance companies and the electrical in 
dustries. 

The question of improved procedure and 
methods of relieving pe^ons of the conse¬ 
quences of electric shock is of as much im¬ 
portance to the electrical industry, and the 
world, as is the problem of building surge- 
proof transformers, and the protection of 
transmission lines from flashovers, not 
only from a humanitarian point of view but 
also from the commercial standpoint. Im¬ 
proved safety devices and insulation stand¬ 
ards have greatly lowered the hazards of the 
electrical worker, but there will always be 
found in experimental work and construc¬ 
tion projects a comparatively high possi¬ 
bility of death from electrical injury. And 
the possibility of saving a few of these lives 
through knowledge gained through experi¬ 
ments with animals is worth all of the rats 
of Hamlin, and more. 

Whether or not these results should be 
published in the issues of Electrical Engi¬ 
neering can have but one answer. We of 
the electrical industry have no one but our¬ 
selves to protect us against electric shock; 
everything possible is done in the way of 
safety standards,, but carelessness and 
chance are ever ready to take their toll. 
It is, therefore, left to us to forward and en¬ 
courage in every possible way responsible 
research on electric shock and the preven¬ 
tion of death thereby, and that means both 
financial support and the publication of re¬ 
sults. 

Very truly yours, 

FW. Godsby (A’30) (310 Alden 
Aye., blew Haven, 0onn.) 
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R.N. CONWELL 


Kaiden-Keystone Studios 

A. E. SILVER 


* H. S. Warren (A’03, F’13) protection 
development engineer, the American Tele¬ 
phone and Telegraph Company, New York, 
N. Y., shares the 1931 A.I.E.E. national 
prize for best paper in engineering practise, 
which was awarded the symposium on 
coordination of power and telephone plant. 
Mr. Warren’s contribution to this sympo¬ 
sium was the paper "Status of Joint De¬ 
velopment and Research on Low-Frequency 
Induction” in joint authorship with R. N. 
Conwell (ATS, F’31). A native of Old- 
town, Maine, he went west in 1894 and 


Kaiden-keystone Studios 

H. S. WARREN 


entered upon an electrical engineering 

course at Leland Stanford, Jr. University, work was done. In 1911 he was employed 
Calif. From this he was graduated in as ^det engineer by the Public Service 
1898 with his A.B. degree. His first Electric Company of Newark, N. J., later 
practical electrical work was done while as laboratory assistant, and chief of the 
serving as electrician for the tj. S. Fur Seal materials division of laboratory testing. 
Commission. ^Immediately after gradua- transition to his present work he be- 

tion from the university he entered the 031116 assistant engineer of the engineering 
employ of the Standard Electric Company department in charge of station and sub- 
of California, in San Francisco, and under- station design, system protection, and 
tpok the study of electrical constants and general engineering work. In 1922 he 
the transpositions for its projected 50,000- made transmission engineer of the 

volt transmission line from Amador County distribution department. As such he has 
to San Francisco. He next took a position organized and placed in operation a com- 
with the California State Board of Harbor plete system of load forecasting and 
Commissioners and later in 1898 he engaged planning for budget purposes. To secure 
with the Nfevada County Electric Power a more efficient' distribution of power and a 
Company, Nevada City, Calif. But Mr. better continuity of service, Mr. Conwell 
Warrer.’s real life work has.been in the completely redesigned and reconstructed 
field of communication. September 1899 the transmission system of his company, 
he joined the American Bell Telephone * n *925 be was appointed to his present 
„ Company, and since then he has devoted his position. His contributions to 

entire effort to progress and improvement literature and discussion have been abun- 
in this field. For many years he was in dant an d his committee activities with the 
responsible charge of the design and A.I.E.E., National Electric Light Associa- 

development of some of the apparatus tion, American Standards Association, 

most vital to telephone systems. He de- American Committee on Inductive Co- 

- signed and reduced to practical form, the ordination. National Fire Protection Asso- 
loading coil which carried out the inven- ciation, and the Association of Edison 

tions of Doctor Pupin, designing cables and Illuminating Companies, all too numerous 

studying the loading of cables in connection to bst. He also has to his credit over 2 

with these inventions. He designed coil dozen patents granted and pending. He 

for, and reduced to practise also, the phan- ls the inventor of the present type of in¬ 
tom circuit, an accomplishment not only verse current relay for transmission and 

highly interesting scientifically but one bne work as made by the Westinghouse 

which made possible the operation of many Electric and Manufacturing Company, and 

thousands of miles of circuits. He is a has done outstanding work in the inductive 

member of Western Universities and the interference field. 

Engineers’ Club, and past-president of the 
Telephone Society of New England. 


R. N. Conwell (A’15, F’31) trans¬ 
mission and substation engineer for the 
Public Service Electric and Gas Company,. 
Newark, N. J., shares with his coauthor 
H, S. Warren (A’03, F’13) in the 1931 
A.I.E.E. national prize for best paper in 
engineering practise, which was awarded 
the. symposium on coordination of power 
and telephone plant. The title of their 
paper was "Status of Joint Development 
and Research on Low-Frequency Indue* 
tion.’’ Mr. Conwell, a native of Anderson, 
Ind;, is a graduate of Purdue University 
and of the George Washington University, 
Washington, D. C. As engineer in charge 
of acceptance tests of the sewage pumping 
station for the sewer department of the 
District of Columbia, Jiis first professional 


A. E. Silver (A’07, F’26) consulting 
electrical engineer for the Electric Bone 
and Share Company, New York, N. Y. 
was among those to receive the 1931 
A.I.E.E. national prize for best paper ir 
engineering practise, awarded the sympo¬ 
sium on coordination of power and tele¬ 
phone plant, the paper "Trends in Tele¬ 
phone and Power Practise.as Affecting 
Coordination” prepared by him and W. H. 
Harrison (A’20, F’3lj being an Integral 
part of the prize symposium. Mr. Silver 
who is a native of Dexter, Maine, received 
his early education there. Entering upon 
an electrical engineering course at the 
University of Maine, he was graduated 
• with the class of 1902, and then entered 
the test department of the General Electric 
Company at Schenectady, N.. Y. In 1904 
he accepted a position with the Raleigh 



Electric Company, Raleigh, N. C., re¬ 
maining over a period of years in charge 
of its meter department, and also working 
on switchboard construction, generating 
stations, and overhead lines. With the 
coming of a new regime, in 1906, the de¬ 
partmental work was divided into steam 
and electric activities, Mr. Silver remaining 
in charge of the electrical work. Later 
in that same year he accepted the position 
of chief engineer and electrical superin¬ 
tendent of the Carolina Power and Light 
Company, Raleigh, N. C., this company 
representing the consolidation of several 
central stations and street railway properties 
of that section, as well as transmission and 
hydroelectric plants of the vicinity. In 
1910 he became electrical engineer of the 
Electric Bond and Share Company and 
removed to New York City. The work 
with this company included responsible 
charge. of design of generating stations, 
substations, transmission and distribution 
systems. Mr. Silver has served on both 
the power generation committee and the 
power transmission and distribution com¬ 
mittee of the Institute, and since 1915 has 
been actively connected with committee 
work of the National Electric Light Asso¬ 
ciation, now serving as counselor of the 
overhead systems committee, and of the 
foreign systems coordination committee; 
a member of the special engineering com¬ 
mittee on lighting and marking airways 
and of the N.E.L.A.—Bell Telephone system 
joint development and research com¬ 
mittee; arid vice-chairman of the engineer¬ 
ing national section. He has served also on 
committees of other well-known and na¬ 
tional organizations including the Bureau of 
Standards. He is a Fellow of the American 
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W. H. HARRISON 


J. C. MARTIN 


G. L. LILLIE 



C. E. HOUSTON 


Association for the Advancement of Science, 
and* a member of the Montclair Society of 
Engineers, of Montclair, N. J. 


W. H. Harrison (A’20, F’31) who with 
A. E. Silver (A’07, F’26) his coauthor of 
the paper “Trends in Telephone and Power 
Practise as Affecting Coordination" shares 
in the 1931 A.I.E.E. national prize for best 
paper in engineering practise, awarded 
the symposium on coordination of power and 
telephone plant, is plant engineer of the 
American Telephone and Telegraph Com¬ 
pany, New York, N. Y. Mr. Harrison who 
was born in Brooklyn, N. Y., was graduated 
from the electrical engineering course of 
Pratt Institute, Brooklyn, and in 1909 
joined the New York Telephone Company 
in New York City, as repairman. Hus 
work until 1915 included apparatus in¬ 
spection, assembling, and wiring; then he 
accepted a position on telephone circuit 
design work with the Western Electric 
Company in its engineering department. 
Three years later he joined the engineering 
Staff of the American Telephone and Tele¬ 
graph Company for general plant main¬ 
tenance engineering work; and in 1924 was 
made equipment and building engineer 
with general supervision of the engineering 
and design (including layout) of sub¬ 
scribers’ station and the central office plant 
of the Bell system. He became plant engi¬ 
neer in 1929, this appointment giving him 
charge of the engineering, design, and lay¬ 
out of all parts of the Bell system plant in¬ 
cluding system relations with other wire¬ 
using utilities. Among other achievements, 
Mr. Harrison is said to have brought order 


out of chaos in connection with a large and 
important merger of several telephone 
systems in California, where he accom¬ 
plished the standardizing and improvement 
of maintenance features of telephone 
equipment and contributed greatly to the 
application to and adoption of mechanical 
systems for telephone plants in the United 
States. 


J. C. Martin (A’l^) electrical engineer 
of Middle West Utilities Company, Chicago, 
Ill., who with H. L. Huber (M’23) pre¬ 
pared the paper “Status of Cooperative 
Work on Joint Use of Poles” which was a 
part of the symposium on coordination of 
power and telephone plant shares in the 1931 
A.I.E.E. national prize for best paper in 
engineering practise awarded to this sympo¬ 
sium. Mr. Martin was born at Solon, 
Iowa, and obtained his early technical 
education by home study with the Inter¬ 
national Correspondence School. In 1903 
'he engaged with the Cedar Rapids and ' 
Iowa City Railway and Light Company, 
doing office work for 2 years after which he 
was advanced to construction, line, and 
power plant work. In 1911 he joined the 
engineering department of the Pacific 
Power and Light Company, first as distri¬ 
bution engineer, later being made chief 
engineer in charge of all design and con¬ 
struction work. During this period he 
was located at Portland, Ore. In 1917 the 
Pennsylvania Power and Light Company 
of Allentown, Pa., chose him as its chief 
engineer. Here he remained until 1920, 
when he became western editor of Electrical 
World, located in Chdago. His history 
with the operating department of the 
Middle West Utilities Company started in 
1923. By the Pacific Power and Light 
Company he was considered a specialist 
on electrical distributing systems. 


C. Ei Houston (A’32) assistant, depart- 
ment*of physics, Texas Technological Col¬ 
lege, Lubbock, Texas, has received the 
South West District prize for Branch paper 
presented during the year 1931, in connec¬ 
tion with the presentation of his paper 
“Accumulation of ^High-Potential Static 
Charges on Transmission Lines During Sand 
Storms.” Mr. Houston was born at Salado, 
Texas, and earned his B ,S in E.E. from 
Texas Technological College in 1931. 


From 1927 to 1928 he was chemistry 
assistant at the college, and from 1930 to 
.1931, physics assistant. In 1930 while 
an undergraduate student he undertook 
research work on static charges on trans¬ 
mission lines due to sand storms and it 
was during this interval that data contain^ 
in his prize winning paper were acquired. 
He> has continued his research work and 
his thesis in connection with graduate work 
in physics also has this as a subject. Upon 
this he will receive hiss M.A. in August 
1932. 


G. L. Lillie (A'21) who has received both 
of the 1931 A.I.E.E. Canada District prizes 
for best paper and initial paper for his paper 
“Factors in Design of 115-230-Volt Distri¬ 
bution in a Modern Residential District,” 
is assistant engineer of distribution for the 
Toronto Hydro-Electric System, Toronto, 
Canada. He was bom at Colbourne, 
Ontario, Can., and for a .while after his 
graduation from the University of Toronto 
in 1911, was employed by the Toronto 
Hydro-Electric System. In October of 
1912 he left and for a few months was in the 
shops of the Westinghouse Company,'*at 
Hamilton, Can. He then returned to the 
University of Toronto for a postgraduate 
course, and in 1913 was graduated with his 
degree in electrical engineering. He at 
once returned to the employ qf the Toronto 
Hydro-Electric System, but in September 
1917 left to join the Canadian navy. He 
received his* discharge in January 1919 and 
again returned to his company, where he 
has continued to serve to date. 


C. A. Church (Enrolled Studeilt) Uni¬ 
versity of Colorado, Boulder, Colo., has 
been selected to receive jointly with N- R. 
Damon, coauthor, the 1931 A.I.E.E. 
North Central District prize for Branch 
paper. This choice w^s made based upon 
the paper entitled “New Ideas for High 
Voltage Circuit Breakers.” Mr. Church 
was bom at Goodell, Iowa. His high school 
education was obtained at Longmont, 
Colo., where he was graduated with honors 
in 1927. As a Fellow at the University of 
Colorado, he received his B.S. in E.E. there 
in 1931. At present he is engaged in 
graduate study and research in electrical 
engineering at the University of Colorado. 
This work is supplementary to that by 
which he earned his M.S. degree June 1932. 
His fraternal affiliations are Tau Beta Pi, 
Eta Kappa Nu, and Sigma Xi. 


W. B. Kouwenhoven (A’06, M’22) 
vice-president of the Institute for the 
Middle Eastern District, and professor of 
electrical engineering and assistant dean of 
The Johns Hopkins University, Baltimore, 
Md„ has been accorded special honors by 
those in charge of the International Elec¬ 
trical Congress being held in Paris this 
month (July 4-12,1932). Doctor Kouwen¬ 
hoven in collaboration with Dr. O. R. 
Langworthy prepared a paper “Injuries 
Produced by Contact Witii Electric Cir¬ 
cuits” for presentation in Paris, embracing 
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the findings of their original.and extensive 
research work at The Johns Hopkins 
University. According to a report re- 
• cently received, "Because of the interesting 
woA: of Messrs. Kouwenhoven and Lang¬ 
worthy [the committee] listed their contri¬ 
bution as a report and not as a paper.” 
Tlie significance of tfeis recognition is that 
the paper will appear as an independent, 
individual contribution and not as a part 
of any general report; also the authors are 
exempt from the t payment of member¬ 
ship fees, and in addition will be awarded 
the sum of 2,000 francs as part payment 
of expenses for attendance at the congress. 
(Editor’s Note: The important findings 
of Doctor Kouwenhoven’s work have been 
covered from time to time in his contribu¬ 
tions to the pages of Electrical Engi¬ 
neering; others are scheduled for the 
future.)* 


L. A. Magr^w (A ’07, M’13) president 
and general manager of the South Carolina 
Power Company of Charleston, S. C., at 
a recent Southeastern Division conference 
of the National Electrical Light Association 
waS chosen to serve as its president; and 
J. M. Barry (A’ll) vice-president in charge 
of operation for the Alabama Power Com¬ 
pany, Birmingham, Ala., became the second 
vice-president of this same division of the 
N.E.L.A. 

R. A. "Millikan (M’22) director of the 
Norman Bridge Laboratory and chairman 

. of the executive council of the California 
Institute of Technology, Pasadena, Calif., 
recently was reelected president of the 
board of directors of the National Advisory 
Council'on Radio in Education. M. I. 
Pupin (A’90, F’15, HM’28 and past- 
president) also received reelection to the 
vice-presidency of the Council. 

S. A. Knight (A*31) who last year was 
assistant engineer for the Irak Petroleum 
Company, Ltd., of Manchester, England, 
with headquarters in Tuz Khurmatu, 
Province of Irak, recently returned to Great 
Britain to become assistant technical en¬ 
gineer for the Central England Board, in its 
North West area. The home office of the 
board is at Manchester, England. 

J. E. E. Royer (A’15) general manager of 
The Washington Water Power Company, 
Spokane, Wash., has been made vice-presi¬ 
dent as well. Mr. Royer who came to The 
Washington Water Power Company in 
1907, became assistant superintendent of 
the light and power department in 1919, as¬ 
sistant general manager in 1924, and general 
manager 2 years ago. 

• •. Grace (A’03, F’21) assistant vice- 

president of the Bell Telephone Labora¬ 
tories, Inc., and well known for his popular 
lectures on various advances in the science of 
communication, recently received the degree 
of Doctor of Engineering from the Uni¬ 
versity of Michigan, and the honorary de- 

§**? of Doctor of Laws from Notre Dame 
University. , ; 
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George Fiske (A’ll) who has been say¬ 
ing the General Electric Company at Kan¬ 
sas City, Mo., as its assistant manager, now 
has been made manager of the company’s 
office there, it was recently announced. 
Mr. Fiske joined) the company in 1904 as a 
test man, and barring military service 
1917-19, has been continuously with it to 
date. B 

G. W. Elmen (M’21, F’27) telephone en¬ 
gineer for the Bell Telephone Laboratories, 
Inc., and inventor of Jhe magnetic alloys, 
permalloy and perminvar, has received the 
honorary degree of Doctor of Engineering 
from the University of Nebraska, his alma 
mater. At the laboratories, Mr. Elmen is 
in charge of research in magnetic materials. 

E. R. Hedrick (M’25) professor of mathe¬ 
matics and chairman of the department of 
mathematics at the University of California, 
Los Angeles, has been awarded the title of 
"Officier d’Academie” by the French gov¬ 
ernment, “for services rendered to the cause 
of culture and science.” 

F. L. Kradel (A’27) who for some time 
was sales engineer for The Champion Switch 
Company of Kenova, W. Va., and subse¬ 
quently removed to Millvale, Pa., recently 
became representative for the Royal Elec¬ 
tric Manufacturing Company, Chicago, Ill., 
in its southern Pennsylvania and West 
Virginia territory. 

J. W. McCartin (A’20) previously of the 
engineering department of E. L. Phillips 
and Company, New York, N. Y., now is 
chief operator for the Nassau division of the 
Long Island Lighting Company, Glenwood 
Landing, N. Y. His office with the Phillips 
company was that of power plant and sub- ‘ 
station designer. o 

A. H. Gfrorer (A’14) for the past 13 
years chief engineer of the Automatic 
Transportation Company of Chicago, Ill., 
and in addition to these duties, for the past 
3 years holding like office with the Barrett 
Cravens Company, Chicago, Ill., resigned 
from both of these organizations as of Tune 
30, 1932. J 


K. W. John (A’29) has resigned his po¬ 
sition as chief electrician of the Graham 
Paige Motors Corporation, Detroit, Miqh., 
and on June 1,1932 became affiliated with 
the United States Rubber Company, De¬ 
troit, Mich., as technical engineer of its 
plant in that city. 

N. Miridjanian (A’31) who for the past 
year or so has been associated with the 
Columbia Graphophone Company, Istan¬ 
bul, Turkey, recently established the 

Gans” Electroplating Works, which he an¬ 
nounces is the first modem electroplating 
shop in Istanbul. 

Dick Pyper (A’29) who in the past has 
been associated with the Southern Cali¬ 
fornia Edison Power Efouse No. 3 at Big 
Creek, Calif., recently became hydroelectric 
power house operator of the Turlock Irriga¬ 
tion District, at Turlock, Calif. 


W. R. Thorson (A’26) who previously 
was superintendent of electrical distribution 
for the Consumers Power /company at 
Hudson, Mich., recently was made super¬ 
intendent of public works for the City of 
Waverly, Iowa. 

P. W. Buchhart (A’32) who in 1931 
served the Pennsylvania Railroad Company, 
Philadelphia, Pa., as draftsman, is now en¬ 
gineer and director of the International Pat¬ 
ent Commercialization Company, Inc., New 
York, N. Y. 

W. T. Powell (A’14) previously patent 
engineer for the Stromberg-Carlson Tele¬ 
phone Manufacturing Company, Rochester, 
N. Y., now is serving the General Railway * 
Signal Company, that city, as its patent 
attorney. 

H. K. V. Tompkins (M’31) who last year 
was associated with the Gulf Produce Com¬ 
pany, Houston, Texas, now is assistant to 
the president of George F. Getty, Inc., and 
Pacific Western Oil Company, Los Angeles, 
Calif. 

O 

R. B. H. Rockwell (A’29) previously in 
the operating engineering department of the 
Georgia Power Company at Atlanta, Ga., 
now has been transferred to that company’s 
office at Macon, Ga., as lighting engineer. 

J. P. Grable (A’22) who heretofore has 
been identified with the General Cable 
Corporation, Fort Wayne, Ind., now is .coil 
engineer of the American Enameled Magnet 
Wire Company at Port Huron, Mich. 

Ernest Kauer (A’25) who in the past 
has been president of the CeCo Manufac¬ 
turing Company, Providaice, R. I., recently 
changed to become president of the Molding 
Corporation of America, of that city. 

W. S. Lee (A’04, F’13 and past-president) 
chief engineer of the Duke Power Company, 
Charlotte, N. C., recently received the de¬ 
gree of Doctor Laws from The Citadel 
Military College of South Carolina. 

Thomas P aden (A'28) formerly super¬ 
intendent of distribution of the Ohio Edison 
Company, Youngstown, Ohio, now is elec¬ 
tric superintendent of the Pennsylvania 
Power Company, New Castle, Pa. 

C. N. Johnson (A’17, M’26) engineering 
manager of the Westinghouse Electric and 
Manufacturing Company, Philadelphia, Pa„ 
now has joined the company's forces at 150 
Broadway, New York, N. Y. 


W. C. Sealey (A’25) who recently be¬ 
came identified with the Allis-Chalmers 
Manufacturing Company’s office at Mil¬ 
waukee, Wis., has been transferred to its 
works at Pittsburgh, Pa. 

E. F. Mekelburg (A’21, M'30) who has 
been serving Cutler-Hammer, Inc., Mil¬ 
waukee, Wis., as supervisory engineer, now 
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identified with the Industrial Controller 
Company oliMil Wau kee. 


. I 7 . W. Pemblbton (A’20) formerly wind- 

supervisor of the General Motors 
Corporation, Dayton, Ohio, now is 
chief engineer of the Volume Control Ser¬ 
vice, Port Wayne, Ind. 


L. K.. Milburn (A'20, M’31) who was 
assistant electrical engineer of the Great 
hakes Steel Corporation, Detroit, Mich., 
now is electrical engineer for that same com¬ 
pany at Ecorse, Mich. 


R. Black (A’30) once the General 
Electric Company’s electrical engineer at 
Port Wayne, Ind., now is engineer of the 
Poly-met Manufacturing Corporation, New 
Vork, N. Y. 

O. D. Raymond (A’27) who has been an 
electrical engineer for the General Electric 
Company at Newark, N. J., recently joined 
the Ellenville Electric Company, at Ellen- 
ville. 1ST. Y. 

% 

, CC. H. Roth (A’ll) who has been presi¬ 
dent: of Roth Brothers and Company, Chi¬ 
cago, Ill., now is president of the Light 
Sensitive Apparatus Corporation, at Niles 
Center, Ill. 


department and 2 1 / s years on construction 
repair equipment and electrical equipment. 
He has also served as quartermaster and 
officer of the U.S. and British Merchant 
Marine. From 1904 to 1912 he was with 
the Stanley Electric Manufacturing Com¬ 
pany and the General Electric Company’s 
Pittsfield Works, as erecting engineer for cen¬ 
tral stations, .assistant, works manager for 
fire protection, and electric superintendent 
of maintenance and equipment.* In 1912 
he became: assistant general manager and 
supervising engineer of the Star Electric 
Company, subsidiary of the General Elec¬ 
tric Company, and as such had charge of 
checking fire alarms and police telephones; 
organized and put in a complete manufac¬ 
turing system, and supervised engineering 
manufacture and construction. In 1915 he 
joined his last company, the Winchester Re¬ 
peating Arms Company of New Haven, as 
equipment engineer and manufacturing en¬ 
gineer. He was particularly successful in 
organization work and the training of young 
engineers. 

Besides his Institute connection, Mr. 
Brown held membership in the Society of 
Military Engineers, the Spanish War Vet¬ 
erans, the Massachusetts Society, Sons of 
the American Revolution, and the Crescent 
Lodge of Masons, Pittsfield, Mass. 


ITecrbert Hoover (HM’29) President of 
the United States, recently received from 
Gettysburg College, Gettysburg, Pa., in 
absentia the degree of Doctor of Science. 

m 

Andr6 Mestraxjd (M’24) of Lanobre, 
Cantal, France, has recently been made di- 
recteur de l’Energie Electrique du Littoral 
Meclitarraneen, at Marseille, France. 


O tifuary 


Walter Throop Kendall Brown (A’07, 
M’13) chief of the engineering staff of the 
Winchester Repeating Arms Company, New 
Haven, Conn., died at his home at Short 
Beach, Conn., June 12, 1932. He was 
bom at Paterson, N. J., February 26,1874, 
and after obtaining his elementary education 
in the New York State public schools, en¬ 
tered upon a scientific course at the Willis- 
ton Seminary at East Hampton, Mass. 
Thereafter he attended the Cincinnati Art 
Academy for design and woodcarving; then, 
returning to the New England section, 
joined the night school of the Brooks Loco¬ 
motive Works, well known in the nautical 
world- Pursuing this bent, he completed a 
coarse in ocean navigation with the Inter¬ 
national Correspondence School, also taking 
up the subjects of electric railways, lighting 
an a interior wiring, electric transmission, 
and steam boilers. He then made an ex¬ 
haustive 3-year study of the deviation of the 
compass on iron ships. Mr. Brown was 
at 0 ne time chief petty officer in the United 
States Navy, spending l 1 /, years in the pay 


John Oliver Montignani (A’06, M’13) 
who while in New York, N. Y., made the 
Fraternity Club his headquarters, died of 
pneumonia at the home of his brother, at 
Woburn Green Bucks, England, May 12, 
1932. Mr. Montignani was bom at Edin¬ 
burgh, Scotland, April 7, 1880. He en¬ 
tered the George Watsons College at Edin¬ 
burgh in 1887 and in 1895 was graduated 
from the commercial division. The period 
, 1895-9 was spent in study on electrical sub¬ 
jects, and in conjunction with this academic 
work he was receiving practical training in 
the engineering field under a 5 years’ inden¬ 
ture with the firm of James Milne and Son, 
Limited, at Milton House Works, Edin¬ 
burgh. This course was completed in 1901 
and Mr. Montignani undertook a special 
study of electric railway engineering, coming 
to the United States in the fall of 1902, to 
follow up this line of endeavor. Upon ar¬ 
rival here he went to work in the experi¬ 
mental department of the Consolidated Car 
Heating Company of Albany, N. Y., and 
until June 1903 was employed in its car 
lighting°system. He then left to enter the 
employ of the Rochester Railway Company, 
at Rochester, N. Y., where he was employed 
as assistant engineer. Four years were 
spent in the design, supervision, and in¬ 
stallation of transmission lines, general over¬ 
head construction, and substation equip¬ 
ment; for 4 years more he was engineer of 
electrical distribution; another 4 years were 
spent as assistant engineer upon New York 
Stats railways. Subsequently he was made 
division superintendent of the Rochester 
Railway and Light Company at Rochester, 
N. Y., and in 1926 became assistant elec¬ 
trical engineer of the Westchester Lighting 
Company at Yonkers, N. Y.,: a position 
which he continued to fill over a period of 
several years. In 1930 he was made en¬ 
gineer of electrical transmission for Stevens 
and Wood, Inc,, New York, N. Y. 
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Harold Seaburg (A’24, M’29) chief elec¬ 
trical engineer of the United Fruit Com¬ 
pany, Banes Division, Oriente, Cuba, died 
March 13, 1932, after a week’s illness with 
pneumonia. Mr. Seaburg was a native of 
Tranas, Sweden (Nov. 27,1897), and com¬ 
pleted both grade school and technical col¬ 
lege in an electrical Engineering course, at 
Osebro, Sweden. In 1918 he became a 
draftsman of the Swedish General Electric 
Company, at Vesteras, Sweden, and 2 years 
later took up the duties <of assistant electrical 
engineer in addition to his work as a drafts¬ 
man with the Star Electric Motor Company 
at Newark, N. J. In 1922 as draftsman he 
joined the power division of the Westing- 
house Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pa., and the follow¬ 
ing year became a draftsman in the engi¬ 
neering department of the New York Edison 
Company, New York, N. Y. As assistant 
electrical engineer of the Havana Central 
Railroad Company, Cuba, he detailed the 
layout, installation, and operation of the 
main switchboard equipment in Melones 
power plant of this company, and in its 3 
railway and lighting substations. He also 
was largely responsible for the installation 
of the central power plant in the city of 
Havana, Cuba. As chief electrical engineer 
of the United Fruit Company, Banes, 
Oriente, Cuba, he was in charge of all elec¬ 
trical equipment in the electrified sugar 
central which has a normal annual output of 
about 700,000 bags. 


* ■> 

George Crisson (A’09, M’30) who has 
been with the American Telephone and 
Telegraph Company, New York, N. Y., 
since 1910, died at the Presbyterian Hospital 
in Newark, N. J., May 22,1932; Mr. Cris¬ 
son was bom at Astoria, N. Y., October 2, 
1885. His M.E. degree was conferred upon 
him by Stevens Institute of • Technology, 
Hoboken, N. J., to which he returned as an 
instructor in electrical engineering in 1906. 
In this capacity he continued until 1910, 
the year of his joining the American Tele¬ 
phone and Telegraph Company for the de¬ 
sign and testing of fittings and structures 
used in outside plant construction. In 1914 
he changed over to development work on 
transmission problems, principally in the 
application of telephone repeaters to the 
improvement of long distance transmission, 
but including related matters, such as am¬ 
plifiers for public speaking systems, voice- 
operated apparatus for the suppression of 
echoes and singing on long distance wire cir¬ 
cuits, the transatlantic radiotelephone cir¬ 
cuits, and proposed transatlantic cable. 
Several patents in this field were the results 
of work, and were incorporated in the com¬ 
pany’s communication system and spe¬ 
cifically in the dial telephone. 


William Franklin Yeager (A’27) engi¬ 
neer of the United Engineers and Construc¬ 
tors, Inc., Philadelphia, Pa., died February 
13, 1932. Philadelphia was his place of 
birth, September 18, 1879; there also he 
received the major portion of his grade 
schooling, going later to the Williamson Free 
School of Mechanical Trades, Williamson, 
Pa., from which he was graduated as an elec- 
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trical machinist in 1899; Mr. Yeager’s ex¬ 
perience in the commercial world was 
broadly diversified, including much of de¬ 
sign, construction, and machine work in 
other than electrical fields. For H. S. 
Farquhar, Philadelphia engineer, he did 
detailed structural and mechanical calcula¬ 
tion, and electrical a?id mechanical investi¬ 
gation of plant equipment at the Jefferson 
Hospital, Philadelphia, and investigation 
and report on electrical machinery, testing 
of generators, indicator tests on engines, and 
coal and water rating tests on boilers at the 
Rittenhouse Club, Philadelphia. For Day 
and Zimmermann, Inc., later the Day and 
Zimmermann Engineering and Construction 
Company, he functioned as engineer and 
chief draftsman, chief structural engineer, 
and finally consulting engineer, spending 7 
years in the company’s employ. During 
the period 1918-1920 as design engineer for 
Day and Zimmermann his work was the 
supervision of engineers, under the direction 
of the Construction Division of the U.S. 
Army, on the Philadelphia Quartermaster 
Terminal and the Motor Transport head¬ 
quarters. The supervision of design for a 
power plant at McAllister, Okla., also was 
Mr. Yeager’s work, as was the investigation 
and report on terminal warehousing and 
motor and rail facilities on Long Island, 
N. Y. Most of his latter work was in¬ 
vestigation and report for his company on 
development and possible betterment of 
many large activities. 


Harold Bailey Brigham (A’31) eng ine 
of the Byllesby Engineering and Manage¬ 
ment Corporation, with the Oklahoma Gas 
and Electric Company, Oklahoma City, 
Okla., died April 10,1932 in that city. He 
was bom at Belle Plain, Kans., July 23,1899, 
and won his degree of B.S. in E.E. at the 
University of Oklahoma in 1923. After 
graduation he joined the distribution engi¬ 
neering department of the Oklahoma Gas 
and Electric Company, his affiliation with 
this company representing rapid progress 
through its various departments; extension 
engineer in the contracts department ; di¬ 
vision engineer; back to the distribution 
engineering department; in the office of the 


general superintendent; assistant distribu¬ 
tion engineer in 1928. That samo year he 
became a member of the Oklahoma City 
auxiliary force of engineering of the Byllesby 
Engineering and Management Corporation, 
the organizationr with which he was identi¬ 
fied at the time of his death. 


Thomas McLean (A’ll) who for many 
years served the Los Angeles G§s and Elec¬ 
tric Corporation, Los Angeles, Calif.' in 
varying capacities of operator and as fore¬ 
man of substation operators, died Friday, 
May 13, 1932. A native of Long Island, 
N. Y v Mr. McLean in 1895 at the age of 17 
engaged with the Brooklyn Edison Com¬ 
pany, Brooklyn, N.*Y., starting as a trim¬ 
mer and advancing to generating station 
operator, the position which he held until he 
resigned in 1910. Thence he went directly 
to Los Angeles and joined the Los Angeles 
Gas and Electric Corporation. Here he 
was a meter tester, a work which he con¬ 
tinued over a period of years. In 1923 he 
assumed the title of operator, and a year or 
so later was made foreman of substation 
operation. 


Jet Wave Rectifiers, by L. S. Cox, Okla. A. & M 
Col. T 

Class B Amplifiers, by J. L. Cafahan, Untv. of 
Okla. * 

Control of Gyroscope Stabilizers for Prbvbn- 
(fiON of Rolling of Heavy Sea-Going Vessels 
by P. O. Bobo, Okla. A. & M. Col. 

Prizes for the above papers were awarded 
as follows: 

First prize ($15) Bernard E. Lowe, Oklahoma A. & 
M. Col. 

Second prize ($10) Charles A. Ludwlck, Untv. of 
£>kla. 

Third prize ($5) Powell O. Bobo, Okla. A. & M. Col. 

After the student meeting, the Oklahoma 
City Section held a short business meeting 
and the new officers were announced as in¬ 
dicated: E. B. Jennings, chmn.; R. F. 
Danner, vice-chmn.; C. E. Bathe, secy.- 
treas. The attendance was 80. 


Henry Worrell* Beers (A’25) of the 
H. W. Beers Company, Mexico, D. F., Mex., 
died there the 10th of April 1932. Al¬ 
though for years a resident of Mexico and 
the head of an established electrical supply 
business there, Mr. Beers was a native of the 
United States, having been bom in Colum¬ 
bus, Miss., December 31, 1876. Before 
founding his own business, he worked for the 
Mexican Light and Power Company, 
Mexico City, over a long period of years. 


Jin Tachihara (A’98) manager of the 
Mitsubishi Electric Company, Tokyo, Japan, 
and prominent in the engineering profession 
of that country, died December 16, 1931. 
At the time of his becoming a member of 
the A.I.E.E., Mr. Tachihara was affiliated 
with the General Electric Company of 
Schenectady, N. Y. 


Local 



eetinfjs 


Oklahoma City Section 
Meets With Branches 

The annual joint meeting of the Oklahoma 
City Section and the student Branches at 
the Oklahoma A. & M. College and the 
Univ. of Oklahoma, was held at the latter 
school on May 16,1932. Students of the 2 
schools presented the following technical 
papers:•••;.'• 
Morning 

Measurement of Distortion, by J. L. Lisk, Univ 
of Okla. 

Manufacture and Use of, Tungsten Carbide 

532 . • r /• 


Diamond Substitutes: Electrical and Other 
Considerations, by G. L. Keyser, Okla. A. & M. 
Col. 

Calculating Tables for DisTRraufBD Loads on 
Transmission and Distribution Circuits, by 
F. H. Cullison, Univ. of Okla. a 

Economics of Rural Line Distribution, by B. E. 
Lowe; Okla, A. & M. Col. 

A luncheon was held at the Student Union 
Building, followed by a short tour of inspec¬ 
tion through the various engineering build¬ 
ings. 

Afternoon 

Voltage Regulating Transformers and Their 
Application, by C. A. Ludwick, Univ. of Okla. 


Past 

Section Mee tin gs 

Akron 

Banquet. Election of officers: A. P. Regal, 
chmn.; W. H. Tucker, secy. Human Engineer¬ 
ing, by Dean F. E. Ayers, Univ. of Akron. May 
10. Att. 47. 

Baltimore 

Electric Shock, by Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres. A.I.E.E. Elec- 
tion of officers: J. Wells, chmn.; L. G. Smith, 
vice-chmn.; J. L. D. Speer, secy.-treas. May 27. 
Att. 37. 

Cleveland 

Mystery and Musical Telepathy, by Mr. 
and Mrs. Dejen. Election of officers: J. M. Smith, 
chmn.; S. B. Taylor, secy.-treas. May 26. 
Att. 110. 

Connecticut 

Some Practical Problems in the Operation 
of High Tension Network Systems, by C. W. 
Mayott, Connecticut Valley Pwr. Exchange 
April 14. Att. 00. 

Dallas 

Finances, by J. E. Owens, Republic Natl. 
Bank and Trust Co. Election of officers: H. K. 
Handley, chmn.; W. B. Folline, secy. May 16. 
Att. 58. 

Denver 

Election of officers: W. D. Hardaway, chmn.; 
A. W. Ainsworth, vice-chmn.; N. R. Love, secy- 
treas. May 5. Att. 14. 

Moving pictures presented under the auspices 
of the Colorado Museum of Natural History. 
Dinner. June 1. Att. 38. 

Detroit-Ann Arbor 

Adventures in Science, by Oliver Ajer, Genl. 
Elec. Co. Demonstrations. May 17. Att. 325 
Erie 

Lighter Than Air Craft, by V. R. Jacobs, 
Goodyear Tire & Rubber Co. May 17. Att, 175. 
Iowa 

Election of officers: L. F. Wood, chmn.; B. S, 
Willis, secy.-treas. May 24. Att. 11. 

Kansas City 

Banquet. The Requirements for Business 
Recovery, by Prof. J. H. Taggart, Univ. of Kansas. 
Election of officers: G. O. Brown, chmn.; E. W. 
Harvey, secy.-treas. May 26. Att. 53. 

Lehigh Valley 

Aeroplane and Ship to Shore Communication, 
by L. Espenschied, American Tel. & Tel. Co. Feb. 

12. Att. 104. 

Recent Advances in Engineering as Applied 
to Industry and the Home, by C. K. Lee, West- 
inghouse Elec, & Mfg. Co. Illus. April 22. Att. 
117. 
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High Voltage Cables—Their Manufacture 
and Application, by D. M. Simmons, Genl. 
Cable Corp. Election of officers: J. G. Charest, 
chmn.; W. A. Skinner, secy. May 13. Att. 90. 
Los Angeles 

Boat trip around the Los Angeles harbor and 
dinner. May 14. Att. 60. 

Louisville 

New Dial Telephone Equipment, by H. C. 
Walker, Southern Bell Tel. & Tel. Co. Demonstra¬ 
tions. Inspection of the new telephone building 
and equipment. May 13. Att. 87. 

Lynn 

Inspection trip of the East Boston Airport of the 
Curtis-Wright Flying Service. April 23. Att. 300. 

Madison 

Governors and the Governing of Prime 
Movers, by Albert Kalin, Woodward Governor Co. 
Inspection trip through the plant of the Woodward 
Governor Co. May 21. Att. 57. 

Mexico 

Comparison Between Group Drive and In¬ 
dividual Drive in Shops, by L. Castro, Jr., Natl. 
Railways of Mexico. May 19. Att. 30. 

Milwaukee 

Modern Manchuria, by Prof. H. E. Babbitt, 
Univ. of Ill. Joint meeting with Engrs. Soc. of 
Milwaukee. April 20. Att. 300. 

Educational Future of the College of En¬ 
gineering, U. of Wis. by Dean F. E. Turneaure; 
Reminiscences of an Engineer, by Prof. D. W. 
Mead; Plan Development for the College of 
Engineering, by Arthur Peabody; The Need of a 
# Two Year Course in Engineering, by Arthur 
‘Simon. F. H. Domer presented a tablet with 
pictures donated to the University on the occasion 
of the dedication of the new mechanical engineering 
building. Dinner. May* 27. Att. 250. 

Recent Applications of the Vacuum Tube 
in Industry, by R. E. Welton, Genl. Elec. Co. 
Election of officers: W. F. Lent, chmn.; C. D. 
Brown, secy.-treas. June 1. Att. CO. 

Montana 

Commutation in Generators and Motors 
Used in Mine Hoists, by A. W. Boyer; Electri¬ 
cal Properties of Hardened Copper, by H. 
Lambdin and A. J. Hill, students, Montana State 
Col. Election of officers: J. A. Thaler, chmn.; 
H. Dale Cline, secy. June 4. Att. 23. 

Nebraska 

The Engineer in Society and Industry, by 
T. W. McCullough, Omaha Bee News. Joint 
meeting with Univ. of Nebraska Branch. May 11. 
Att. 106. 

Short talks by Professors Caldwell and Brook- 
man, Univ. of So. Dakota, P. H. Patton, vice-pres. 
A.I.E.B., and John Gibb, pres. Omaha Engrs.' Club. 
Joint meeting with Univ. of So. Dakota Branch. 
May 17. Att. 26. 

New York 

Lighting Requirements for Publishing 
Operation, by E. Whitehorne, McGraw-Hill Co., 
Raymond Hood, and Fouilhoux, and D. Wood, 
Lockwood Greene Engrs., Inc. May 12. Att. 150. 

Niagara Frontier 

Ladies’ night. May 20. . Att. 75. 

Philadelphia 

Transoceanic Telephony, by H. S. Osborne, 
Am. Tel. & Tel. Co. Election of officers: Prof. L. 
Fuss ell, chmn.; J. L, MacBurney, secy.; E. C. 
Drew, treas. May 9. Att. 150. 

St. Louis 

General descriptions of the transmission lines 
from the Bagnell Station were given by L. T. 
Byers, Stanley Stokes, and H. E. Gove of the Union 
Elec. I.t. & Pwr. Co., and F. G. Dana and G. W. 
Couch of Stone & Webster Engg. Corp. May 18. 
Att. 98. 

Seattle 

The Use of Electricity in the Electro¬ 
chemical Industry, by L. Supovi, Hooker Electro¬ 
chemical Co. Election of officers: A. F. Darland, 
chmn.; G. L..Hoard, vice-chmn.; K. L. Howe, 
secy.-treas. May 17. Att. 66. 

Sharon 

The Use of Aluminum in the U.S.S. Akron, 
by G. O. Hoglund, Aluminum Co. of America. 
Moving pictures. May 31. Att. 95. 

Spokane - .. 

Steam Power Plant Developments Including 
Mercury Boilers and Turbines, by W. F. 
Hynes, Genl. Elec. Co. April 22. Att. 38. 
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Syracuse 

Steam Electric Power Plants, by I. E. 
Moultrop, Edison Elec. Ill. Co. of Boston, vice- 
pres. A.I.E.B. March 7. Att. 38. 

International Engineering Congress, by 
Dr. C. E. Skinner, Westinghouse Elec, & Mfg. Co., 
pres. A.I.E.E. Joint meeting; with Technology 
Club of Syracuse. May 9. Att. 225. 
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BrancL Meetings 


University of Akron 

The Firbstonb Power Plant, by W. J. Boyd, 
student. F. J. Marcinkoski, student, gave a 
demonstration of resuscitation. Election of offi¬ 
cers: F. J. Marcinkoski, chmn.; R. A. Ries, secy. 
May 13. Att. 10. 

University of Arizona 

The Deion Grid Circuit Breaker, by B. Wat¬ 
kins, student. April 29. Att. 8. 

Discussion. April 22. Att. 8. 

Film—“Dynamic America.” May 0. Att. 27. 
Some Thoughts on Technical Education 

and The Vernier Slot Effect, by Prof. J. C. 
Clark, counselor. May 13. Att. 8. 

Research on Dielectric Losses in Insulating 
Materials, by F. A. Decker. May 20. Att. 10. 

The Colorado River and the Boulder 

Canyon Dam, by O. H. Polk. Election of officers: 
Bruce Watkins, chmn.; Jack Jones, vice-chmn.; 
H. Stewart, secy.-treas. May 26. Att. 8. 

University of Arkansas 

Plotting Magnetic Fields, by H. G. Thomas- 
son, student; The Tesla Coil, by C. L. Mowery, 
student; Rural Electrification, by H. H. Lewis, 
student; Rates, by F. L. McDonald, student. 
May 2, Att. 25. 

Carrier Currents, by W. F. Stewart; Long 
Distance Communication, by L. C. Wasson; 
Armature Reaction, by W. C. Whitfield; Hydro¬ 
electric Dams, by E. E. Cato; Transoceanic 
Cables, by W. D. Thornberry; Cathode Ray 
^Oscillograph, by R. E. Cope, all students. May 
16. Att. 24 . 

Brooklyn Polytechnic Institute 

Regenerative Braking on Direct-Current 
Railways, by Charles Pedersen, student; Use of 
Thyrite in the Arms of a Wheatstone Bridge, 
by F. Rae, student; A Bribe History of Photo¬ 
electricity, by Frank Maloney, student. Elec¬ 
tion of officers: I. Andreasen, chmn.; H. Hoffman, 
vice-pres.; Robert Hampshire, secy.; Charles 
Pedersen, treas. May 18. Att. 39, 

Bucknell University 

Film—"Dynamic America.” Lecture on the 
photoelectric cell. May 17. Att. 125. 

California Institute of Technology 
Transpacific Radio Communication, by F. H. 
Kroger, R. C. A. Motion pictures. May 24. Att. 
35. 

University of California 

Election of officers: Wm. D. Hudgins, chmn.; 
V. Welge, vice-chmn.; L, R. Rockholt, secy.; H, 
Lorenzen, treas. April 27. Att. 11. 

University of Cincinnati ' '* 

Joint meeting with the Cincinnati Section with 
papers by students as follows: A Laboratory 
Arc Furnace, by E. J. Emmerling; Measurement 
of Modulation, by j. Epstein; Constant Radio 
Frequency, 'ey A. C. Herweh; Measurement of 
Radiation, by C. L. Ramsey; An Electric Or¬ 
gan, by W. E. Kock. May 12. Att. 80. 

Clemson Agricultural College 
Inspection trip to the hydroelectric plants of the 
Georgia Pwr. Co. April 18. Att. 85. 

Election of officers: C. P. Walker, chmn.; T. 
M. Watson, vice-ohmu.; W. F. Tribble, secy.-treas. 
May 12.. Att. 20. . > 

University of Colorado 

A New Method for Measuring Angular 
Displacements in Synchronous Machines, by 
L. L. Mundell and W. C. Spear, students. May 18. 

Att. 35. V . . '• 


Cornell University 

Teletypewriter Systems, by B. K. Boyce, 
N. Y.Tel. Co. April 22. 

University of Denver 

Election of officers:'*’Paul Barth, chmn.; F. A. 
Dow, vice-chmn.; ^Carl iHedbetg, secy.-treas. 
May 11. Att. 12. 

University of Detroit ft 

^Banquet. History of Electric Lighting in 
Detroit, by J. W. Bishop, Ford Motor Co. Elec¬ 
tion of officers: J. A. Schenk, chmn.; A. Man¬ 
ning, vice-chmn.; Ralph Martin, secy.; Frank 
Belch, treas. June 1. Ath 33. 

Drexel Institute 

Thh Development of Long and Short Wave 
Transmitters, by C. E. Keener, student. May 4. 
Att. 21. 

Election of officers: F. P. States, chmn.; R. W. 
King, vice-chmn.; F. A. Hippie, secy.; F. E. Sea¬ 
man, treas. May 18. Att. 15. 

Duke University 

Banquet. Election of officers: Tom Garrett, 
chmn.; John Womack, vice-chmn.; H. W. Atkin¬ 
son, secy. May 12. Att. 10. 

University of Florida 

Public Address Systems, by George Haug, 
student; Problems Encountered in Taking a 
Transmission Line Inventory, by Craig Huffer, 
student. May 18. Att. 12. 

Georgia School of Technology 

Inspection trip through the Fox Theater. May 
2. Att. 29. 

Election of officers: F. T. Meiere, chmn.; ©. C. 
Wagner, vice-chmn.; ' W. W. Bnsminger, secy.- 
treas. May 16. Att. 53. 

Harvard University 

Some Phases of Institute Work, by I. E. 
Moultrop, Edison Elec. 111. Co. of Boston, vice- 
pres. A.I.E.E. Election of officers; F. W. Roberts, 
chmn.; R. H. Packard, secy.; R! A. Ward, senior 
rep.; S. Smith, vice-chmn. May 23. Att. 16. 

University of Idaho 0 

Telephone Service, by Mr. Hadley, Interstate 
Telephone Coi Banquet. May 3. Att. 25. 

Election of officers: H. R. McBimey,. chmn.; 
Wm. Clagett, vice-chmn.; - Fred Quist, secy.-treas. 
May 13. Att. 18. 

University of Illinois 

Election of officers: J. C. Wheeler, chhm.; P. S. 
Bickenbach, vice-chmn.; D. Bergelis, secy.; H. W. 
Bieritz, treas. May 11. Att. 19. 

Dinner. May 15. Att. 16. 

The Inversion op D-C. Into A-C. by Use of 
the Thyratron, by Dr. Reich. May 17. Att. 60. 

Iowa State College 

Election of officers: Glenn Lyshoj, chmn.; R. 
Allbright, vice-chmn.; Robert Doonan, secy.; 
Truman Eppert, treas. May II. Att. 30. 

Kansas State College 

Conditions in Russia, by C. R. Bradley. Joint 
meeting with Univ. of Kansas Branch. May 5. 

Giant Radio Tubbs, by A. C. Hebert, student. 
May 12. Att. 57. • 

Airship Mooring Masts, by A. B. Niemoller, 
student; New Developments in Photoelectric 
Cells, by D. A. Bly, student. May 12. Att. 30. 

Election of officers: S. R. Mudge, pres.; G. D. 
Ferguson, vice-pres.; B. E. Hammond, recording 
secy.; J. P. Kesler, treas.; A. E, Paige, marshall. 
May 19. 

University of Kansas 

Election of officers: R. C. Jackson, chmn.; R. C. 
Ayres, vice-chmn.; John Doolittle, secy.; Warren 
Boast, treas. May 19. Att. 36. 

University of Kentucky 

Modern Methods for Oil Well Drilling, 
by O, T. Koppius, April 27. Att. 36. 

University of Louisville 

Sir Isaac Newton, by Harold Walter, student. 
Election of officers: C. B, Eldridge, chmn.; H. F. 
Walter, vice-chmn.; Frank Neuhouser, secy.-treas. 
May 20. Att. 20. 

Marquette University 
Business meeting. May 5. Att. 25. 

Michigan State College 

Chicago Radio Show, by R. T. Thompson, 
student. May 10- Att. 17. ' 

University of Michigan 
Annual banquet. Slay 26, Att. 43. 
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Milwaukee, School of Engineering of 

Somb Aspects op the Public Utility Situation 
in Wisconsin, by G. W. Post, Milwaukee Elec. Ry. 

* and 14 . Co. Illus. May 11. Att. 112. 

University of Missouri 

flection of officers: A. E. Coffman, chmn.; R. C. 
Cunningham, secy.-treas. May 12. Att. 17. 

Montana State College * 

Milestones in Electrical Progress, by 
Prof. C. F. Bowman. May 19. Att. 66 . 

Electrical Properties op Hardened Copper, 
by A Hill and H. Lamb din, students. May 26. 
Att. 88 . • 

University of Nebraska 

Demonstration of telephone equipment by S. P. 
Grace, vice-pres., Bell TeL Labs., Inc. May 11. 
Att. 94. 

Helmholtz’s Law and Its Application to 
Television, by R. Brackett. May 18. Att. 12. 

University of Nevada 

Development op a Course op Study in Il¬ 
lumination, by L. G. Gianini, Genl. Elec. Co. 
March 17* Att.34. 

Election , of officers: Milton Murphy, chmn.; 
Raymond Robinson, vice-chmn.; Harry Dunseath, 
secy.-treas. April 25. Att. 8 . 

Newark College of Engineering 

Electric Ranges, by Prof. A. A. Mims. May 
16. Att. 34. 

North Carolina State College 
Subjects por Fall Convention Papers, by 
T. L. Ponzer, student; General Report on Fall 
MbAings, by G. E. Ritchie, student. May 17. 
Att. 20. 

University of North Dakota 
Facsimile Transmission as Used in Navy 
Radio Sets, by John Gilhooley. May 4. Att. 14. 

University of Notre Dame 

Commercial Engineering or Engineering 
Economics, by Mr. DeQuine; Relativity, by 
J. A Cajjaro, counselor. Election of officers: 
F. J. Lennartz, chmn.; Wm. H. Fromm, vice- 
chmn.; A. V. Alvino, treas.; J. K. Carnes, secy. 

# May 10. Att. 62. 

Ohio University 

Election of officers: J. F. Hoskinson, chmn.; 
Wm. B. Cooper, vice-chmn.; E. H. Pryor, secy.- 
treas. My 11. Att. 37. 

Oklahoma A. & M. College 
Business meeting. May 9. Att. 10. 

Oregon State College 

Election of officers: John Mather, pres.; Bob 
Blasen, vice-pres.; L. Pennell, secy ; G. Manke, 
treas. May 2. Att. 20. 

Development and Progress op Steam Power. 
by W. F. Hynes, Genl. Elec. Co. Illus. May 5. 
Att. 47. 

A Modern Radio Test Kit, by H. Beckendorf, 
student; Directional Antennae and Their 
Operation, by M. Kofoid, student. May 16. 
Att. 30. 

Joint meeting with the Portland Section at which 
the following papers were'presented by students: 
Steam va. Electric Drive for Sawmill Opera¬ 
tion, by E. A. Buckhorn; A New Wattmeter for 
Communication Circuits, by K. R. Eldredge; 
Progress in the Electrical Measurement of 
Sound Absorption, by F. A. Everest; An Investi¬ 
gation of Ftbld Strength Variations at Broad¬ 
cast Frequencies, by G. S. Feikert. May 21. 
Att. 125. 

University of Pittsburgh 
Economic Value of Research, by Mr. 
Grondahl, Union Switch & Signal Co. May 5 . 
Att. 100. 

A New Type of Automobile.Tire, by D. E. 
Trieber, student. May 12. Att, 100. 

Rensselaer Polytechnic Institute 

Development op Teletypewriter Systems, : 
by P. D. Bryan, N. Y. Telephone Co. Election of 
officers; R. E. McAdam, chmn.; J. J. Korkoss, 
vice-chmn.; E. W. Knight, secy.-treas. April 19. 
Att. 305. 

Rose Polytechnic Institute 

Election of officers: J. C. Dalrymple, chmn.; 

Q- T. Lautenschlager, secy. May 25. Att. 17. 

South Dakota State School of Mines 

The Western Union Program, by Mr. Blewitt, 

Westera Union Telegraph Co. May 10. Att. 32. 
University of South Caroling 
Distribtuion op Power in South Carolina, by 


Senator T. B. Pearce. Banquet. May 5 . Att. 
30. 

Story op the Motor Pump, by W. R. Humph- 
lett; Electrical Therapeutics in Industry, 
by D. W. Cardwell; Short Wavs Radio, by A. W.' 
Obenschain; Somb Marvels op the Universe, 
by W. S. Smith; ^Baltimore and Ohio Cen¬ 
tralizes Traffic Control, by J. D. Martin, all 
students. May 12. Att. 36. 

University of Southern California * 

Mercury Arc Rectifiers, by Mr. Fewcuey, 
Genl. Elec. Co. May II. Att. 27. 

Election of officers: R. R. Moore, chmn.; H A 
Peterman, vice-chmn.; Mr. Bailey, secf; H West’ 
treas. May 18. Att. 33. ‘ 

The Future op the Engineer, by Carl Heinze 
Los Angeles Bureau of Water and Pwr. May 19* 
Att. 35. 

Southern Methodist University 
Election of officers: Porter Lindsley, Jr., chmn • 
M. P. Jones, vice-chmn.f N. K. Read, secy.-treas. 
May 18. Att. 11. 

Social gathering. May 28. 

Texas A. & M. College 
Discussion. May 19. Att. 50. 

University of Texas 

Electric Rates in Texas, by L. M. Gurry 
student. May 12. Att. .15. 

Election of officers: Frank Sperry, pres.; J. R. 
Cutler, vice-pres.; Wm. Garrett, secy.-treas.; 
L. Baker, corres. secy. May 14. Att. 15. 

University of Utah 

A Stroboscopic Device for Studying Rotary 


Motion, by W. S. Nishiyama and K. M. Neilsou, 
students. Demonstrations. May 2ft Att. 48. 

Virginia Polytechnic Institute 3 

Life and Works op Thomas A. Edison, br P H 
Crops. Ulus. May 12. Att. 46. 

University of Virginia 

Elemion of officers: T. J. LoCascio, pres.; 
C. E. Stahl, vice-pres.; G. K. Carter, secy.; J. w. 
Bowles, treas. May 23. Att. 11 . 

University of Washington 
Modern Switchgear Equipment, by K L 
Howe, Westinghouse Elec. & Mfg. Co. Election 
of officers: W. Ryland Hill, chmn.; Earl Hatha¬ 
way, vice-chmn.; Archie Adams, secy.-treas. May 
12. Att. 14. 

Cushman Power Development, by J. V. 
Congwer, Engr., City of Tacoma. May 19. Att. 
31* 

Washington State College 
Discussion. May 13. Att. 9. 

Election of officers: Paul Hand, pies.; A. Mc- 
Dougald, vice-pres.; Dick Wilson, secy.; G. Mar¬ 
tinson, treas. May 24. Att. 17. 

Washington University 

Election of officers: Mr. Keiser, chmn.; Mr 
Mendel, secy.-treas.; Mr. Maull, vice-pres. May 
19. Att. 25. 

Worcester Polytechnic Institute 

Testing op High Voltage Transformers, 
by A. M. Tarbox, Westinghouse Elec. & Mfg. Co. 
Election of officers: W. E. Bass, chmn.; F. M. 
Potter, vice-chmn.; C. S. Brewer, seoy.; H. A 
Hammer, treas. April 25. Att. 32. 


E 


Cmploymenf ISJoIes; 

Of it© Engineering Societies Employment Service 

- « 


Men 

Available 


Construction 

FOREMAN OR CHIEF ELECTRICIAN 
expert armature winding, motor repairs, and trouble! 
Install wiring systems for light and power. Ex¬ 
tensive practical experience. D-657. 

E.E. GRAD., 1927, Univ. of Wis., 30, married, 
6 yr. experience m transformer, relay and meter 
testing, switchboard installations, outdoor sub- 
station construction and drafting, industrial pwr. 
and hghting layouts, inspection, and estimates. 

fed° n 'D^071 Preferredl others con - 

GRAD. E.E., 29; 5 yr. supervisory construc¬ 
tion, design, estimating and field engg. experience 
on super-power plants and substations; 4 yr. 
industrial pwr. plant operation. Electrical con- 
strucbon and maintenance experience; railway 
electrification construction experience. C-4428. 

GRAD. E.B., 1927, single. 3 yr. construction 
and engg. work on ry. signals, train control, and 
small power plants. 2 yr. test dept, of large 
pvnr. company. Dfesires connection with con¬ 
struction, industrial or utility concern or as in¬ 
structor in mathematics or E.E. subjects. Avail¬ 
able at once. Location, immaterial. C-6439. 

Design and Development 

1 29, single, 5 yr., experience in- 

cluding 6 months testing a-c., d-c. machines, 
fV* yr. design 5 to 2,000 hp. a-c. and d-c, motors 
wi J 3 * 1 !?! an .d, special applications. Thor¬ 
oughly familiar with motor quotations, estimates 
and applications. Desires position with utility, 
mfg. or construction firm. Location, U.S. Avail¬ 
able immediately. D-944. 

DISTRIBUTION ENGR., MFG. ENGR.: 
B.E. grad., 27, married, ft yr. experience with 
large elec. mfg. company, desires position as 
transformer design engr,, mfg, engr., br as elec, engr, 
for utility or holding company. Available im¬ 
mediately. D-963. 

ENGR., ' electrical-welding: 13 yr; experience 
design and application resistance welding equip. 


4 y r - full charge design and research. Consider- 
r a . e experience on arc welders. Knows shop prac¬ 
tise under mass production conditions. Also had 
wide experience as sales engr. Held 2 positions as 

n 5 n, m ® r ' an d has nation-wide dealer contacts. 
• JU-UB4. 

DESIGNING ENGR., E.E. grad.. 32, married, 8 
yr. experience in designing and selling instrument 
and dry type distribution transformers. Desires 
employment with utility or mfg. concern, selling or 
engg. Available immediately. Location, imma¬ 
terial. Best references. . D-1015. 

E.E. GRAD., 28, married, desires position in 
design and development or teaching. One yr. 
Westinghouse Student Course; 6 months Westing¬ 
house Design School; U/j yr. design of fractional 
hp. motors; 2 l /g yr. design of industrial motors. 
Available at once. Location, U.S. C-5051. 

ELEC.-MECH. ENGR., 30, married, college 
grad, with usual abilities for elec, relay circuits 
(autom. teleph., control, alarm systems, signaling) 
resourceful mech. designer on small apparatus, 
5 yr. engg. experience. Available immediately. 
Location, immaterial. C-8373. • 

. E.E. GRAD., 1928, Rensselaer Poly. Inst., 28 yr. 
single, 4 yr. experience in genl. elec. pwr. plant and 
substation design and right-of-way and operating 
budget work with utility. Desires to enter such a 
field as plant engg. or industrial or economic plan¬ 
ning. Available at once. D-1061. 

. GRAD. E.E., 29, single, 7 yr. experience de¬ 
signing and installing elec, and mech. equip, for 
large steel company. Highest references. Loca¬ 
tion, immaterial. Available on short notice. 
D-1037. 

MECH.-ELEC. ENGR., 32, 4 yr.- Cornell de-. 
sign instructor; 6 yr. Allis-Chalmers design; 
liberal shop experience; 5 yr. cooperative appren- 
uceship. mil consider anything, anywhere, now 
available. Salary open. D- 122 . 

Draftsmen 

E.B., 1931, 24, married. Experience: Drafting, 
grad, of 5 months training in large utility, 6 mouths 
m utility research dept. Interested in illumination, 
substation, or distribution. Available at once, 
and in need of work. Any location. D-1041. 
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entires 

MECH. & IpLEC ETsrG35®- > grad., married, 20 
experience il|n d esi gn construction, and opera- 
£?? of an f d smelter ia the ferrous and non- 
fef r °us Industries, with excellent record m plant 
^S? rovem e» t and lowering . production costs, 

res responsible position with industrial plr\nt 
cn Sg. firm or sales office. B-7343. 

SUPT. ERECTOR 28 paper mill and printing 
mc «y-, experimen tal * and developing automatic 
mclxy., 7 has legal training; executive and 
management experience inspecting and auditing, 
thoroughly familiar with elec, meter lab. Wants 


TECR GRAD., 33 married. Eleven yr. ex¬ 
perience covering all braucb.es of elec, measure¬ 
ments in lab. of large tnfg- company. Desires 
IJpmtuon with utility in meter or transmission and 
<Uatribution dept. Available on short notice. 
Location in East preferred. D-981. 

KXEC, OR CONSULTIN'O ENGR., mech. and 
*»ec*. 43, American, college education. Past 3 yr. 
with prominent engg. organization correlating 
design engg. work for large central station and 
industrial pwr. plant projects. Previous experi¬ 
ence included building, testing, and operating similar 
plants. Exceptionally broad experience. Avail¬ 
able July 1 . D-986. 

ASSOC. ELEC. ENGR.» 38. married, tech, 

education, 9 yr. with utility as distribution engr., 
estimating, inspection, underground construction, 
contact man, developed plans and records divi¬ 
sion; 6 yr. research development on protec¬ 

tive devices. Available immediately, location, 
immaterial. C-8958. 

ELEC. ENGR., 34. Ten yr. experience covering 
design, cost estimating and equipment specifica¬ 
tions of pwr. plants, copper refineries, indoor, and 
outdoor substations, transmission lines, and indus¬ 
trial work. Also 1 yr. experience as asst, research 
with cable company. C-547’3. 

H.E.—M.E. GRAD., married, 20 yr. experience, 
desires connection, engr., asst. exec, where efficient 
use of pwr. and plant is needed; also teaching. 
Experienced, design of plant; modern design, 
manufacture, installation of equipment; plant 
maintenance; electrical, equipment layouts. 
Special training, experience, metallurgy, concrete, 
elec, arc welding, building construction, specifica¬ 
tions, business mgmt. , sales. C-4519. 

ElE., 10 yr. experience. Executive__ ability. 
Seven yr. operation and maintenance intercon¬ 
nected pwr. system; relay and communication 
problems; design and installation automatic 
equipments. Three yr. with, large mgmt. com¬ 
pany, including l 1 /* yr. in Mexico on economic 
studies, generation and transmission projects, 
and 1 >/i yr. electrolysis ixxv estimations domestic 
natural gas lines. D-1O03. 

EXEC. OR ASST., 18 yr. broad experience in 
utility, mfg., industrial surveys, and mgmt. prob¬ 
lems. Through proper application of engg. 
analysis and principles, can effect economies in 
operation and control. Capable organizer. Profit¬ 
able asst, to busy exec. Salary secondary to 
opportunity. B-9122. 

EXEC. ASST, available, 12 yr. utility experience. 
Grad. E.E., 37. Appraisal work of pwr. plants, 
substations, transmission and. distribution systems, 
rate investigations covering industrial service, 
residential and commercial, cost studies, statistical 
research, operation in plant, equipment and lines. 
G.E. test course. B-9782. 

U.E., married, B.EL, ML T£. 22 yr. experience, 

designing, construction pwr. plants, substations, 
transmission, distribution systems, industrial 
plants. 3 yr. charge purchasing engg. equip., 
foreign interests. 3 yr. executive experience charge 
engg. dept, large utility syndicate. English, Ger¬ 
man. Russian, Armenian languages. Available 
immediately. D-84. 

GRAD. E.E., 32, lO yr. experience, of which 
over one-half was spent with large utility in engg. 
and supervisory work and the remainder with 
mfr. of high tension switching equip, as assistant 
jxiur. Available on short notice. Location, 
immaterial. D-745. 

ASSOC. A.I.E.E., B-S. in E.E. Iowa State 
College, 1929, 32, single, ^ worked way through 
school. 3 ^ Westinghouse msjp. and test, including 
„ c regulators, c.l. reactors, dimmer reactors, 
instrument transf., distribution and power transf. 

welding outfits, xnise. equipment. Interested 
In * supervision, developments, application engi¬ 
neering. rural electrification. References. Location, 
immaterial. Available immediately. D-lOSl. 

rc 12 ., 33, married, desires position, mfgr. of radio 

Aublie address systems, broadcasting station, 
nr car rier dept, of elec. pwr. co. 4 yr. design, con¬ 
struction 1 . operation, testing of equipment For elec¬ 
tric pwr. stations. 6 £^'n,? Sta i lation ’ wiring testing 
radio broadcast, telegraph repeaters, 

and carrier equip. Excellent references. D-733. 


S-®- wants position. Wide experience in elec. 
el »gg-. xnfg., sales, erection and operation of 
batteries. E.E. Grad, from Mass. Inst, of 
Tech. C-4109. 

GRAD. ENGR., 36, with 10 yr. experience in the 
engg., operating, and executive depts. of a utility, 
uesires position as jr. exec, or office mgr. in a mfg. 
concern or utility. Speaks Spanish and has fair 
knowledge of acctg. B-2470. 

Instruction 

nv?n RA 5- ?-B., , 86 , married, B.S. in E.E. at M.I.T. 

Entire experience since then in E.E. teaching 
and E.E. industrial work. Good ability and per¬ 
sonality. Desires work in E.E. teaching. Salary 
open. C-2828. 

E-E. GRAD., 1926■) Ohio State, 32, married, 
experience; pwr. plant and substation operation 
and maintenance, distribution (a-c. and d-c.), 
relay engg,, pwr. plant and substation design and 
supervisory construction experience with con- 
“getar, high school Instructor. Desires position 
with future. Available immediately. D-990. 

E.E. GRAD., 26, single, desires position in 


immaterial. D-988. ' ‘ 

E.E. DESIGNER, 81, married, 4 yr. experience 
in construction, 3 yr. experience in design of pwr. 
stations, substations ana industrial control, 1 yr. 
instructor in large univ. and 8 months Westinghouse 
test course, desires position in engg. office, field 
construction or teaching. C-5734. 

GRAD. E.E., 1926, single, 29, G.E. Test Course, 
6 yr. experience on proposition work and specifica¬ 
tions as commercial engr. with large elec, manu¬ 
facturing concern. Desires to enter teaching 
fiekl in U.S. Electrical subjects, physics, mathe¬ 
matics, or English. Will be interested in oppor¬ 
tunity for advanced study. D-1005. 

. INSTRUCTOR OR A&ST. PROP., 38, 8 yr. 
instructor in E.E., radio, physics in unlv.;. 6 yr. 
commercial experience, lighting, pwr., and radio 
installations, research and design. At present 
research assoc, in physics in post grad, school 
of well known univ. Available for next September. 
C-6302. 

DOCTOR OF ENGG., J.H.U., ’32, 23, tingle. 
Research experience in fields of radio, a-c. and d-c. 
measurements and high voltage insulation studies. 
Desires research or engg. position, also teaching in 
E.E., mathematics, or physics. Location, imma¬ 
terial. D-1040. 

ASSOC. PROF. E.E. B.S., and E.E. deg., 42. 
6 yr. teaching experience, 11 yr. design, engg. and 
exec, experience in radio and communication. 
.Highest references. Available immediately. Lo¬ 
cation, immaterial. D-1062. 

M.S. in E.E. and PHYSICS, 31, married, 
coached mathematics, physics, E.E. while under¬ 
graduate, senior math, asst., some teaching with 
grad, study. 6 yr. industrial motor design, re¬ 
search, also mfg. practise, motor control. Desires 
to teach E.E. primarily, charge or part charge of 
research; can also teach drafting, machine design. 
Available season 1932-33. D-980. 

Junior Engineers 

E. E. GRAD., Purdue, 1931, single, 24. Seven 
months in training course of a large utility com¬ 
pany. Experienced in stenographic and secretarial 
work. Desires position with future in mfg. con¬ 


cern or utility'. Available at once. Location 
immaterial. D-437. 

RECENT COLUMBIA UNIV. GRAD., B.S., 
1931, E.E. in 1932; Italian born, but American 
citizen, desires engg. or teaching opportunity. 
D-894. 

E.E. GRAD., 1928. Iowa State Coll., 26, tingle. 
I 1 /* yr- experience designing of rural lines, 1 yr. 
experience designing distribution city lines, 1 fr. 
experience handling joint contracts between elec, 
and telephone companies. Desires position with 
utility. Location, Middle West or West. Avail¬ 
able immediately. D-978. 

JUNIOR ENGR., E.E. GRAD., 31, married, 
B.S. 6 yr. operating an& maintenance utility, 
14 months Westinghouse test, 2 yr. Westinghouse 
motor sales dept. Good experience on motors and 
control. Some civil engg. experience.* D-1025- 
321-C-2-San Francisco. 

E.E. GRAD., ’23, Sc.M., M.I.T. and Harvard 


testing course. Speaks Swedish, English, German; 
reading knowledge French. Desires position pref¬ 
erably in line of communication engg. Available 
June 16th. Location, immaterial. D-74A 

E.E. GRAD., 27, married. Design of pwr. plant, 
substation and pwr. transmission lines. Industrial 
remote control. Also broad experience on ap¬ 
praisals of utilities. Available immediately. Lo¬ 
cation, immaterial. D-679. 

** 

E.E. GRAD., 1932, Univ. of Nebraska, single,. 
22 . Desires engg. work in commercial field.. 
Available now. Location, immaterial. D-997. 

MECH.-ELEC. ENGR., 1930 tech, grad., 2 yr. 
engg. experience manufacture of elec, wires .and 
cables, machine shop work, also surveying and 
drafting work. Will consider any job or position 
offered. Available immediately, anywhere, at 
minimum living salary. Single, 26, and in need of 
work. D- 66 . 

GRAD. E.B., 1929, tingle, 23. Fifteen months 
student engr. on G.E. test. Some test, drafting 
and switchboard construction experience before 
graduation. Interested in position with firm doing 
consulting or construction work or with utility or 
manufacture^ Available at once. Location, any¬ 
where in U.S., but New England preferred. C-8028. 

. 1931 GRAD., B.E.E. cooperative course, 26, 
single. Experience includes elec, maintenance, 
const., drafting, and laboratory work. Location, 
immaterial. Available at once. D-1060. 

EXECUTIVES If you can possibly use an 
ambitious young E.E. with a B.S. from Brown Univ. 
who, together with tech, knowledge, combines a 
knack for managing and publication work your 
correspondence is requested. The very best ref¬ 
erences can be furnished. D-742. 

RECENT M.I.T. GRAD. (S.B., S.M.), in E.E. 
28, cooperative training with Stone and Webster 
Inc., desires opportunity with future in production 
or construction field. Previous business ex¬ 
perience. D-1047. 

B.S. in B.B., 1931, Armour Tech., 23, tingle, 
experience: 6 months telephone, 3 months G.E. 
student, 7 months utility student, speaks German 
well, wants work, salary secondary, location, im¬ 
material. D-1072. * 

1931 GRAD._ IN E.E., B.S. from Clemson Agrii. 
College, 26, single. Desires work with utility, 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th St 
New York 


M AINTAINED by the national societies of civil, 
mining, mechanical, and electrical engineers, 
in cooperation with the Western Society of Engi¬ 
neers, Chicago, and the Engineers’ Club of San 
granclsco. An Inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 

Men Available.— Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month’s interval. 
Names and records gpmain on file for three months; 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


Opportunities. —A weekly bulletin of engineer¬ 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 

Voluntary Contributions. —Members benefiting 
through this service are Invited to assist in its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 

Answers to Announcements.— Address the key 
number indicated In each case and mail to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 
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mfg. concern or construction corporation. Avail* 
able immediately. Location, immaterial. D-400. 

E.E. GRAD., Purdue, 1930. Single, 24. 2 'yr. 
communication experience and training with Am. 
Tel. & Tel. Co., including outside line and cable 
construction; test room operation, carrier systems, 
etc., also Morse telegraphy. Not afraid of hard 
wdfk. References gladly furnished. Available 
immediately to go anywhere. D-1075. 

E.E. GRAD., 26, single, excellent physical condi¬ 
tion. One yr. experience installation, testing 
telephone exchange equipment. Three yr. teaching 
public school. Graduate small business col. 
Considerable training, experience, selling. Not 
afraid of hard work. ^Interested in position re¬ 
quiring engineering knowledge or teaching ex¬ 
perience. Excellent references. Correspondence 
invited. Location, immaterial. Available im¬ 
mediately. D-1076. 

E.E. GRAD., B.S. in E.E., cooperative course, 
Drexel Inst., 1931. M.S. in E.E., M.I.T., 1932, 
23, angle. Two yr. experience in plant dept, of 
Bell Telephone Co. of Pa. Desires engg. or teach¬ 
ing position. Location in East preferred. Avail¬ 
able immediately. References upon request. 
D-1087. 

Maintenance and Operation 

CONSTRUCTION AND MAINTENANCE 
SUPT., 37, married. Grad. E.E. Thirteen yr. 
experience in utility field, particularly in engg., 
construction and maintenance of distribution and 
transmission substations. Desires position with 
large utility with responsibility for the construc¬ 
tion, operation, and maintenance of substations. 
B-2885. 

E.E., Si, married, tech, school. Eleven yr.' 
experience, C.G.E. Test 4 yr. Service-mainte¬ 
nance - operation - construction - hydro elec, plants, 
papfr mill-municipal and public utility hydro¬ 
plants. Will go anywhere in Canada. D-982. 

PRACTICAL ELEC. CONSTRUCTION 
CHIEF, 32, 14 yr. experience in elec, construction 
work and also maintenance work. Last 4 yr. in 
Latin-America. Can speak Spanish and German 
well. Available immediately. Location, immate¬ 
rial. C-2101. 

. E.E. GRAD., married, 8 yr. steam plant opera¬ 
tion and maintenance, and factory maintenance. 
Now unemployed. Location preferred,“Middle West 
or Western. C-8522. 

Research 

DEVELOPMENT-RESEARCH ENGR., ex¬ 
perienced in the design of apparatus in the develop-, 
ment of railroad signaling, automatic train control, 
and centralized traffic control systems, telephone 
and telegraph systems for commercial use and in 
connection with train dispatching. Also in making 
mathematical studies and theoretical investigations. 
D-995. 

MEASUREMENT AND CONTROL SPE¬ 
CIALIST seeks connection with commercial lab., 
utility or mfr., in capacity of developing or in¬ 
vestigating engr. or consultant. Wide and exten¬ 
sive experience with all types of elec, instru¬ 
ments, precision measurement, standardization, and 
automatic control. Also experienced in pyrometry 
and pneumatic control. B-7245. 

E.E. GRAD,, Carnegie Inst. 1921. Graduate 
work, Carnegie Inst., Univ. of Pittsburgh, 34, 
married. Experience, telephone switchboard in¬ 
stallation, railway appraisal, power plant opera¬ 
tion- Two yr. general development lab., Western 
Elec. Co. Nine yr. research dept., Union Switch 
& Signal Company doing development work on 
tram control, copper oxide rectifiers. Location 
preferred, Pittsburgh. D-1031. 


SALES ENGR., grad. E.E. with excellent back¬ 
ground of both sales and advertising, desires con¬ 
nection with mfr. Location, Middle West pre- 
f «™d- Experience in industrial advertising in 
addiUon to engineering and selling of elec, equip 
Excellent references. Age 33, married. B-8614. 

SALES ENGR., 40, tech, grad., single, 20 yr. 
experience selling elec, equip, for industrial plants 
including utility affiliation involving the sale of 
central station service to industrial plants and 
supervising the activities of industrial pwr. sales¬ 
man. Desires permanent connection preferably 
representative of mfr. in an industrial center. 
Q>D040. 

E.E. GRAD ,1931, southern univ., married, 21 
experience: sales engr., radio service, public ad- 
f’ Production work location, and esti- 
. College. major hydroelectric systems and 
transmission. Desires position in above field 
especially sound engr or Ipcation work. US. or 
foreign location. D-983. 

' ^ LES ENGR., E.E. grad., 1928, 25, 
0 ne ,yr. Westinghouse Test Course, 3 yr 
m u l * l? rge . ea .B8’ corporation; pwr. plant and 
* des,gn a? d layout, contact man with 
!S ensive industrial engg. Desires 
permanent position as pwr. sales engr. or other 


engg. work. Excellent references, location, im¬ 
material. C-4303. 

„ E-E. 27, single, 28 graduate. Fifteen months 
tr.E; Test. Two yr. sales experience with elec, 
servicing concern. Desires position with utility or 
mfg. concern. Has following with all eastern utili¬ 
ties, Eastern location advantageous. D-974. 

ENGR., E.E.-Mech. grad. Yale Univ., 39, 
* na f ne d. Eighteen yr. experience on machine 
tools, G.E. Test and engg. application, sales and 


sales promotion of elec, equipment. Qualified engr. 
for research and marketing, also application engr. for 
elec, and mech. equipment. Available immedi- 
D-U)74 Locatlon P referr ®d, New York Territory. 

Sr\.LES ENGR., 30, single, E.E. grad, of a repu- 
table lyr. engr. school, Fiveyr. experience selling 
industrial and central station instruments. De¬ 
sires position as salesman with a high grade mf g. 
concern. No particular line desired. Will travel, 
location, immaterial. C-1570. 
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embership 


Recommended 
for Transfer 

ioTo he board of exa ®‘ners, at its meeting of June 15, 
1932, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
with the acting national secretary at once. 

To Grade of Fellow 

Gay Frazer W., asst, engr., United Engineers & 
Constructors, Inc., Newark, N. J. 


To Grade of Member 

Allen, R. W., distribution engr., Narragansett Elec. 
Co., Providence, R. I. 

Carrick, John F C., sales agent, Genl. Elec. Co., 
Niagara Falls, N. Y. 

Chethaum-^rode^ A. .^station design engr., Dallas 

Coover Mervin S.,’ prof, of elec, engg., Univ. of 
Colo., Boulder. 

Hamburger, Ferdinand, Jr., instructor, Johns 
Hopkins Univ., Baltimore, Md. 

Harrison, S. H., slipt., Vulcanite Portland Cement 
Co., Philhpsburg, N. J. 

Ketchum, Wm. D., engr., Commonwealth & 
„ Southern Corp. of N. Y., Birmingham, Ala. 
Konn, Felix, design section, motor division, Genl. 
Elec. Co., Erie, Pa. 

Lambert, Alexander B., elec, engr., Crompton 
Parkinson, Ltd., Toronto, Ont., Can. 

Laurtizen, Carl W., asst. prof, of elec, engg., Val¬ 
paraiso Univ., Ind. ' 

McFarland,' T. C. , assoc, prof, of elec, engg., Univ.'' 
of Calif., Berkeley. 

Morecock, Earl M., coordinator of elec, students 
Rochester Athenaeum & Mechanics Institute, 

Pemuman, A. L., Supt. of steam stations, Consoli- 
dated Gas, Elec. Lt. & Pwr. Co., Baltimore, 
Md. • . 

Price, John R„ prof, of elec, engg., Univ. of Wiscon¬ 
sin, Madison. 

Rice, HaroM F., asst. prof, of elec, engg., Univ. of 
No. Dakota, Grand Forks. 

Robertson, Burtis L., asst. prof, of elec, engg., 
Univ. of Calif., Berkeley. 

bkolfidd, Wm. K., designing engr., Genl. Elec. Co., 

• Bridgeport, Conn. 

Stover, James R., elec, engr., W. S. Barstow & Co., 
Inc., Reading, Pa. 

Wilson, Henry E., relay engr., CaroUna Pwr. & Lt. 
Co., Raleigh, N. C. 

Applications * 

for Election 

ha - ve been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless other- 
wise > indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after 
the^name. Any member objecting to the election 
of any of these candidates should «o inform the 
acting national secretary before July 31, 1932. ? 

St " San Frandsco-Callf. 

0tt Ra^ds G kS:: Consuaiers Co- *>™ d 

Bowman, J. H., Purdue Univ., Lafayette, Ind. 

Cohn kl D yi E L R A t> J£. Cornell Univ Ithaca, N. Y. 

^ Colurabia R ' R ' Comm,sslon °f South Carolina, 

Cook, I. M., Shell.Oil Co., Los Angeles, Calif. 

Crum, E. R., Crum Elec. fio., Memphis, Tenn. 
Davenport, L. B„ Houston Armature Wks., Texas. 
Dockendorf, J. P., Airways Radio Sta.; U.S, Dept, 
of Commerce, Sweetwater, Texas. 

k i Wm Lackawanna & Western R. R. Co., 
Hoboken, N. J. . : . . 

**:?:**■:<*• s *» 


Kajiura, K., Japanese Gov. Ry., N. Y. City. 

Lambert, J. L., ToOke Bros., Montreal, Que., Can. 

Maier, J., 1830 2nd Ave., N. Y. City. 

•E.H., Manhattan Elec. & Radio Corp., 
N. Y. City * 

Meinders, J. J., New York Edison Co., N. Y. City. 

Neubacher, L. L„ Pacific Gas & Elec. Co., San 
Francisco, Calif. 

Noble, D. E., Conn. Agri. Col., Storrs.' 

Nye ’ Ci E V C i (Member), Instrument Serv. Labs., 
St. Louts, Mo. 

£?'T. e \ C X A 7 816 B,v : d - Westfield, N. J. 

ShoI1 > R- R- (Member), N. Y. & Queers Etec. Lt. 
& Pwr- Co., Flushing, N. Y. 

Skvorzoff, M., 200 W. lllth St., N. Y. City. 

M^Domestic^ ^ n * V ' Wyoming, Laramie. 

Foreign 

**. C?Y- Patiala State. Punjab, India 

Beljavsky, A. G. (Member). North-Caucas Inst, of 
Energetics, Novocherkassk, U.S.S.R. 

Bryant, A^ Kenya & Uganda Governments, Nai- 
r °o 1 * 3F„ enya Colony. E. Africa. 

£^ a “> 33 Wan Tsai Rd„ Hong Kong, China. 

Lrlsp, H. K., Municipalities of Bowral and Mitta- 
gong and Shire of Nattai Bowral, New South 
Wales, Australia. 

G ° In^a-N.’ Cokli & Co., Matunga, Bombay, 

Gomez, A., Chilean State Rys., Valparaiso, Chile, 
go, Am« 

Headland, H„ Public Wks. Dept., Waitaki Hydro, 
South Island, N. Z. 

Hickey, M. G., Hackbridge Elec. Construction Co., 
Hers ham, Walton-on-Thames. Surrey, Eng. 

A. M., Hachbndge Elec. Construction Co., 
Surrey, Eng. 

Sawhnejy^ fi.. Assoc. Electrical Industries, Lahore, 

Thampan, K C Pykara Construction Wks., Glen 
Morgan P. O., The NUgiris, So. India 

Verma, R. P., Gaya Engineering & Elec. Pwr 
SnPPly Co.. Ltd., Gaya, India. 

13 Foreign 
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resses yt ante 


A list of members whose mail has been returned 
by the . postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will landly communicate them at once to 

York N Y the secretary at 83 West 39th St., New 

Archbold, Earl J., Box 2641, Birmingham, Ala. 
Blugerman, L N., 227 N. 18th St., Phila., Pa. 
Bugg, V«non, 736 Transp. Bldg., Washington, D. C. 
Calien, R. J., Brunswick Recording Lab., 799 7th 


ri r 1 U yy aaumKiuu, xj . v. 

CgJlen, R. J., Brunswick Recording Lab,, 799 7th 
Ave., N. Y. City. 

Ovington Ave., Bklyn., N. Y. 
Han-Charan, 15.1 Gariesh Mohal, Benare 
City, India; 

Pearson, Ernest, 209 Brewster Rd., Scarsdale, N. Y. 

C. A., Consumers Pwr; : Bldg., Jackson. • 

.. Mich.. " * , . 

Scanlon; D. L„ KFPW, Ft. Smith, Ark. 

Schwartz, Carl, 410 Cathedral Pkwy., N. Y. City. 
Thomas, Earl Mead, Inti. Genl. Elec. Co., Schenec¬ 
tady, N. Y, 

Ti tland, Tyygve T., 1019 Stantbn Ave., Elizabeth, 

V ^N ess, L. G., 2105-6 Sterick Bldg., Memphis, 

Vetoi* L., Western Elec. Co., Inc., 100 Central Ave., 
Kearny, N. J. 
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ngineeiin^ Literature 


New Books 

in the Societies Library 

Among the new books received at the 
iinKmeering Societies Library, New Vork 
cmrmfj May. are the following which 
nave oeen selected because of their possible 
*^t. erest to t ^ ie electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no reponsibility for state¬ 
ments made in the following outlines, in. 
formation for which is taken from the 
preface or text of the book in question. 


xt'. ^tyANISGHE ELEMIJNTK OND A.KIKU- 
Mt 11, A. 1'OREN. By C. Drueleeraiid A. Finkeistein. 

Akudemisclie VerlaKagesellschaft. 1932 
i' 2R IJ-. illus.. 10x7 in., cloth. 30 rm.—Intended 
i r .. t l , c manufacturer of dry cells and storage 
jNUlmea who wishes an account of the fundamental 
jiietjfy ns a basis for research work, and is also 
Interested in a discussion of methods of manu- 
laelure. Haw materials, methods of construction, 
uses, unci properties of dry cells and accumulators! 
J 1 *’** ilescribcd in'a practical way. One-third of 
U ,, ‘ hook is an extensive index to German, British 
thiil American patents since 1910. 

OASOUNB AUTOMOBILIi. By B. O. Elliott 
ttiul li. L. Consoliver, 4 ed. N. Y. and Lond, 
Met. raw-Hill Book Co., 193a. 005 p., illus., 9 X 6 

in., doth, #3.00.-—The fundamentals of automobile 
omstruetian, maintenance, and operation are set 
forth In this work with sullicient fulness for the 
Heed-** of the owner, operator, repair man, und 
student. The text is clear and explicit and amply 
dlustrated with photographs and drawings. The 
revision lias been thorough and complete. 



Historical Review. By E. A. Forward. London. 
South Kensington Science Museum, 1031. 99 p„ 

iltus., 10x0 in., paper, 2s6d.-This pamphlet pro¬ 

vides a very useful, concise review of the develop¬ 
ment of the locomotive and the ruilroad car in the 
British Isles. The locomotive occupies most of 
the space, and its evolution is expertly traced from 
Trevithick’s experiments in 1801 to the latest 
types. ISlectric and internal combustion engines 
arc included. 

K € > LT^OIDCH EMISCHE TECHNOLOGIE. 
By R. !•£. Liesegang, 2nd ed. Dresden und Leipzig, 
Theodor Btcinkopff, 1932. 1085 p., illus., 11x7 

!«., paper, 68 rm., cloth, 72 rm.—An extensive 
review of practical applications of colloid chemis¬ 
try. in the form of essays by a number of specialists. 
The subjects considered include among others 
lubricants, textiles, rayon, paper, plustics, electri¬ 
cal insulating materials, Portland cement, water, 
sewage, petroleum emulsions, metallurgy, and nota¬ 
tion. The articles are concise and up to date and 
contain numerous references to sources, A use¬ 
ful survey of its subject. 

HI OH-SPEED DIESEL ENGINES. By P. M. 
HeJrlt. 3?hila., P. M. Heldt, 1932. 312 p., 9x6 

hi., cloth, #4.00.—-Although there is a number of 
hooks on Diesel engines, this is the first American 
treatise specifically for the high-speed oil engine 
for automotive use. It aims to give an orderly 
condensed review of the research work done in 
America and Europe on problems connected with 
design, with descriptive data and illustrations of 
typical examples of the various sub-classes. The 
imok Brings together an amount of material of 
interest to designers and experimenters, especially 
Air automobile and aircraft engines, which hereto¬ 
fore lias Been widely scattered. 



and standards governing the construction, erec¬ 
tion, and operation of electrical equipment as m 
force in France. Includes standards 0 f the Inter¬ 
national Electrotechnical mission, the French 

KteCtrotecJinical Commission, the Union des Syndi- 
eat* <le 1’ Electricity, and other associations of engi¬ 
neers and manufacturers, and of government 
agencies. Convenient and comprehensive. 

PRINCIPLES OF PUBLIC UTILITIES. By 
K Jones and T. C. Bigham. N. Y., Macmillan 
1031- 799 p. t 9x6 in,, cloth, #4.25.—A text 

on the economics oi publicutilities, a text-book for 
students and a manual for officials, engineers, and 
others interested in public utility problems. The 

tlmeutfirioxi is confined to tHe utilities supply* 11 # 


electric light aiyi power, gas, street railway ser¬ 
vice, telephone service, and water. The subjects 
treated include regulation, valuation, rates, fi¬ 
nances, combinations, public ownership, and other 
outstanding problems. ’ 

• 

TABLES ANNUELLES DE CONSTANTES 
ET DONNEES NUMERIQUES DE CHIMIE, 
de Physique, de Biologie et de Technologie, 1929, 
v. 9. Pans, Gauthier-Villars et Cie; N. Y., Mc- 
Graw-HiU Book Co., 1931. 1607 p., 11x9 in., 
cloth, $12.00.—-With this issue this important 
reference work is again upon an annual basis. 
The present volume contains all the constants 
and numerical data published during 1929 in the 
fields of chemistry, physics, biology, and engineer¬ 
's. The series is an indispensable supplement 
to the “International Critical Tables" and is 
essential to every research worker. Text in both 
English and French. 

TRANSFORMATEURS DE MESURE ET RE- 
LAIS DE PROTECTION. By C. Bresson. Paris, 
Diinod, 1932. 293 p„ illus., 3.0x0 in., cloth, 91 
* r * Two important questions in distribution sys- 
terns are discussed. The first half discusses the 
characteristics of instrument transformers, the 
qualities that effect their efficiency, and their use 
tn distribution systems. The remainder of the 
book describes the principal types of circuit breakers 
and protective relays and illustrates their uses. 

UBER DEN SCHALLSCHUTZ DURCH 
BAUKONSTRUKTIONSTEILE. (Beihefte zum 
Gesundheits-Ingenieur, Reihe 2, Heft 11.) By 
H. Reiher. Mflncken and Berlin, R. Oldenbourg, 
1932. 28 p., -12x9 in., paper, 4.80 rm.—By tests 
m laboratory and buildings the soundproofing 
properties of over 200 old and new structural ele¬ 
ments were determined accurately. The results 
are presented in tables, accompanied by an account 
of the theory of sound propagation and of trans¬ 
mission, and a description of the methods of mea¬ 
surement used in this investigation. General con¬ 
clusions are. drawn from the tests and minimum 
requirements suggested. 

AIRCRAFT YEAR BOOK, v. 14, 1932. By 
Aeronautical Chamber of Commerce. N. Y., D. 
Van Nostrand Co., 1932. 626 p.,illus., 9x6 in., cloth, 
$6.00.—Part I records outstanding events of the 
year’s aviation, American and elsewhere; part II 
deals with engineering and manufacturing progress 
and illustrates American aircraft and engines; part 
III is a chronology of important contests and 
records. The remainder gives useful statistics and 
directory of officials, associations, etc. A conve¬ 
nient summary of all matters of aviation. 

AM. SOC. FOR TESTING MATLS. INDEX 
TO PROCEEDINGS, v. 26-30,1926-30. Phila., 
A.S.T.M., 1932. 251 p., 9x6 in., to members, cloth, 
$1.75; half leather $2.75; non-members (cloth 
$2.50, half leather, $3.50.—A full subject and 
authors’ index to these proceedings of the society, 
for testing materials and the study of their proper¬ 
ties. A supplement to the first 25 vols. 

BARRAGES CONJUGUfeS ET INSTALLA¬ 
TIONS DE POMP AGE. By G. Laporte. Paris, 
Gauthier-Villars et Cie, 1932. 144 p., 10x7 in., 
paper, 35 fra.—An investigation of economic possi¬ 
bilities of increasing hydroelectric output by pump¬ 
ing water back to reservoirs with off-peak power; 
especially suitable where 2 or more plants upon 1 
river are operated together. Feasible plans of 
pumping qje discussed, and plant characteristics 
suited to each determined. 

BIBLIOGRAPHY OF AERONAUTICS, 1930. 
Natl. Advisory Comm, for Aeronautics. Washing¬ 
ton, D. C„ U. S. Govt. Prtg. Office, 1932. 261 p., 
10x7 in., paper, $0.50.—1930 literature including 
references to articles in principal world magazines. 
Alphabetized with authors and subjects in one list¬ 
ing. A continuation of a series which covers the 
subject from.early times. 

COLLOID CHEMISTRY, v.4. Ed. by J. Alex¬ 
ander. N. Y., Chem. Catalog Co., 1932. 734 p„ 
illus., 9x6 in., iloth, $11.60.—Concludes a series of 
valuable papers published by Dr. Alexander during 
past 6 years. Devoted to technological applica¬ 
tions and items on colloid chemistry of cellulose, 
paper, explosives, sugar, and other carbohydrates; 
dyeing; rubber; plastics; tanning; paints; electro¬ 
plates, etc.; solidified alcohol; fire extinguishers; 
water supply and sewage disposal. 

DIELECTRIC. III. BREAKDOWN OF 
SOLID DIELECTRICS. By S. Whitehead, ed. 
by E. B. Wedinore. London, Ernest Benn, 1932. 
346 p., illus., 9x6 in., leather, 30s.—This completes 
the survey of dielectric phenomena prepared by the 
British Elec, and Allied Industries Research Board. 

Is a critical summary of information available, on . 
dielectric phenomena with particular reference to 
the theoretical basis and failure of insulation in ser¬ 
vice. Includes bibliography. 


EARTH DAM PROJECTS. By J. D. Justin. 
N. Y., John Wiley & Sons, 1932. 345 p., illus., 9x6 
in., cloth, $5.00.—An endeavor to set forth the prin¬ 
ciples of design and construction useful to the en¬ 
gineer, illustrating applications by concrete, ex- 
amples. It opens with description of dam failures 
and the causes, treating of preliminary investiga¬ 
tions and surveys, subsurface investigations, aj^d 
materials and laboratory tests. Problems of design 
and construction are giy«n in detail and various 
methods of building described. Ends with descrip¬ 
tion of a number of representative dams. As the 
only such work in print, it fills a distinct need. 

EINFtiHRUNG IN DIE THEORETISCHE 
ELEKTROTECHNIK. By K. Kfipfmfiller. 
Berlin, J. Springer, 1932. %85 p„ illus., 10x7 in., 
cloth, 19.50 rm.—An introduction to elec. engg. 
theory intended to fill a field between elementary 
text and treatises upon specific applications. Con¬ 
fined to facts and methods required as a general 
background by the engineer interested in develop¬ 
ment of electricity. Holding to essential physical 
laws makes, thoroughness possible in a book of 
moderate size. 

ELEKTROTECHN1SCHE GESELLSCHAFT, 
Frankfurt am Main, 1881-1931. Geschichtstafeln 
dir _ Electrotechnik. Collected by S. Ruppel. 

, Berlin-Charlottenburg, Verband Deuts. "Elektro- 
techniker, 1932. 127 p., illus., 12x8 in., paper, 6 
rm.—A memorial volume for the 50th anniversary 
of the Elect. Engg, Soc. of Frankfurt. A series 
of interesting tables of outstanding dates and 
developments on theoretical principles, generators, 
motors, machine tools, railroads, transmission lines, 
jnsulators, cables, switch-gear, p"i!>wer plants, light¬ 
ing, storage batteries, meters, telephony, radio, etc. 
Statistics also are given showing the growth of 
industry. 

ELEMENTS OF ELECTRICAL DESIGN. 
By A. Still. 2 ed., N. Y. and Loud., McGraw-Hill 
Book Co., 1932. 583 p., illus., 9x6in., cloth, $5.60.— 
Presenting the elements of electrical design. Not 
to train designers, but to give students an under¬ 
standing of fundamental principles in application to 
concrete designs. A new edition revised thoroughly 
for the trend toward higher operating voltages and 
improved efficiency. 

FARADAY AND MAXWELL. (Deutsches 
Museum Abhandlungen und Berichte, Jahrg. 4, 
Heft 1.) By E. Cohn. Berlin, V.D.I.-Verlag, 
1932, 29 p., ilhis., 8x6 in.,.paper, 90 rm.—^An essay 
linking the lives and work of Maxwell and Faraday 
in a most interesting way, and showing how our 
present principle of energy through Maxwell’s 
studies was evolved from Faraday’s experiments. 

GESCHLICHTLICHE EINZELDARSTEL- 
LUNGEN AUS DER ELEKTROTECHNIK, v. 3. 
By Elektrotech. Verein. Berlin, J. Springer, 1932, 
125 p., illus., 9x6 in., doth, $2.64.—Three interest¬ 
ing papers in a new volume of a series. Dr. 
Weicker gives a history of the development of in¬ 
sulators for overhead lines; Dr. Fischinger the early 
history of the Lauchhammer power plant, the first 
100-ky. plant in Europe; and Dr. Poschenrieder 
gives interesting recollections of his experiences in 
the infancy of elec. engg. 

ILLUSTRIERTE TECHNISCHE WORTER- 
BtjCHER, Deutsch, Englisch, Franzdsisch, Ital- 
temsch, v. 17. AERONAUTICS. Ed. by A. 
Schlomann. Berlin, V.D.I.-Verlag, 1932.. 740 p., 
10x7 in., cloth, 30 rm.—This volume follows the 
general plan of the series to which it belongs, with 
about 13,000 terms being arranged systematically; 
indexes in German, French, Italian, and English. 
Illustrated freely. Prepared with the assistance of 
- a number of engg. soc. and firms, aviation boards, 
and govt, bureaus. Claimed superior to any dic¬ 
tionary available and welcome to translators. 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 

M AINTAINED as a public reference library 
of engineering and the allied sciences, this 
library Is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit It In person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerning them. 
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Electric Heat Speeds Plant Growtlj.— 
Electric heat furnished by General Electric 
soil-heating equipment during the 1931— 
1932 season helped improve the quality of 
farm products, aided in getting them to 
market, earlier, helped growers to a profit, 
and gave power companies an additional 
annual consumption of one and a half 
million kilowatt-hours of electric current, 
declared G. A. Rietz, in charge of the rural 
electrification section of the company, in a 
recent talk before rural electrification 
specialists of the Niagara-Hudson Power 
Company. The equipment, including cable 
and thermostats, was sold to farmers 
throughout the United States on an active 
commercial basis for the first time last 
season. The tfiilk of the power is used be¬ 
tween sundown and sunrise, making it 
practically an offpeak load. 

On the strength of sales activity in 
cooperation with central station repre¬ 
sentatives, and the testimony of thoroughly 
beneficial results, the demand for electric 
hot-bed equipment is expected to more than 
treble the kilowatt-hour load for the next 
growing season. “This estimate is based on 
the enthusiastic acceptance and adoption 
this past season, the present demands for 
the coufing season, and the reports made on 
results by commercial growers. All these 
indications point to an additional 5,000,000 
kilowatt-hours in annual consumption dur¬ 
ing the coming season by reason of new 
installations of this heating equipment ” 
Mr. Rietz said. 

A Hew Insulation.—A new chemical 
product which has practically all of the 
characteristics of rubber, but which is not 
affected by solvents, has been in commerical 
production for some time past. It is an 
olefin polysulfide reaction product known 
as Thiokol, and is manufactured by The 
Thiokol Corporation, Yardville, N. J. This 
product is made entirely of chemicals 
through a simple process and like rubber it is 
compounded and vulcanized in the proc¬ 
essing of finished articles. Unlike rubber, 
Thiokol compounds do not age or perish in 
storage. Oxygen does not appear to affect 
it and the ozone generated during electrical 
corona tests does not cause deterioration. 

A number, of leading electrical manu¬ 
facturers are said to be testing Thiokol at 
present for use in the following applica¬ 
tions: protective covering for underground 
low voltage cable; connections for oil 
filled cables in place of cement; submarine 
cables; ignition cables to protect against 
oils and corona conditions; transformer 
gaskets, high voltage cable covering in 
place of lead, and others. 


eluded so that "feet per minute” surface 
belt speeds can be* taken. Various ranges 
can be had to directly measure speeds as 
high as 12,000 r.p.m. 

U. S. Magnetic Products Corp. Elects 
M. B. Mervis.—According to a recent 
announcement, M. B. Mervis, formerly 
secretary-treasurer and general manager of 
the American Insulated Wire & Cable 
Company, has been elected chairman of the 
board of the U. S. Magnetic Products 
Corp., Chicago and Lock Haven, Pa. 
Manufacturing facilities are being aug¬ 
mented by the addition of more modem 
machinery for coil winding and for manu¬ 
facturing electromagnets', solenoids, various 
types of small transformers, and magnetic 
specialties. 


Dust Filters.—Bulletin, &8 pp. De¬ 
scribes the application of sHr filters now 
installed in many industries. A chapter is 
included illustrating the use of such filters 
in connection with the air cooling of various 
types of electrical equipment such as turbo¬ 
generators, synchronizing condensers, fre¬ 
quency changers, substations, etc. Ameri¬ 
can Air Filter Co., Inc., Louisville, Ky. 


TraJe Literature 


Lightning Arresters.—Bulletin GEA-93H, 
16 pp. Describes G-E lightning arresters 
for pole mounting, pellet type and com¬ 
pression-chamber types. General Electric 
Co., Schenectady, N. Y. 

Lugs.—Bulletin, 10 pp. Describes a 
complete line of copper soldering lugs. 
Ilsco Copper Tube & Products, Inc., 5629 
Madison Road, Cincinnati, Ohio. 

Graphic Meters.—Bulletin 032, 10 pp r . 
Describes newly designed models of a com¬ 
plete line of graphic meters, made in switch¬ 
board, wall, portable and other types. The 
Esterline-Angus Co., Indianapolis, Ind. 

Transformers. Bulletin 172, 54 pp., 
loosdeaf. Describes all types of Wagner 
distribution transformers. Construction 
features are profusely illustrated arid de¬ 
scribed in detail. Wagner Electric Corp 
6400 Plymouth Ave., St. Louis, Mo. 


Cedar Pole Specifications.—Bulletin 
(Supplement No. 2), 24 pp. Contains 
the new American Standards Association 
specifications for both Northern White 
and Western Red cedar poles with other 
relevant information and data. Prepara¬ 
tion of poles for butt treatment through the 
use of new perforating maHiinpg j s d e . 
scribed. The MacGilUs & Gibbs Com¬ 
pany, Milwaukee, Wis. 

Nofuze "De-ion” Circuit Breakers.— 
Catalog 2246,76 pp. Describes Nofuze load 
centers, panelboards, switchboards, meter 
services, outdoor and indoor commercial and 
industrial type circuit breakers, all using the 
“De-ion” principle of arc extinction, which 
enables the elimination of fuses and knife 
switches for circuit protection arid control. 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Fuse Links.—Bulletin 511, 8 pp. De¬ 
scribes the following types of Matthews fuse 
links, -bimetallic universal; fast blowing 
universal; open type bimetallic universal 
and spring type. Ampere ratings, catalog 
numbers, time current curves, fusing 
schedules indicating correct size link to use 
and proper method of application, are-dis¬ 
cussed. W. N. Matthews Corp., 3700 
Forest Park Blvd., St. Louis, Mo. 

Magnetic Clutches.—Bulletin, 16 pp. 
Describes three types of Dings magnetic 
clutches—single disk, multiple disk, and 
serrated disk applications for special and 
general power transmission. A number of 
installation diagrams are reproduced and 
the method of calculating the required 
horsepower rating is discussed in detail. 
Extensive tables of performance data are 
also included. Dings Magnetic Separator 
Co., Milwaukee, Wis. 


New Tachometer.—A new direct-reading 
band tachometer for testing r.p.m. machine 
speeds has been developed by the Amthor 
Testing Instrument Co., Inc., 309 Johnson 
St., Brooklyn, N. Y. It incorporates the 
new feature of automatic fixed reading 
whereby speed readings are automatically 
fixed pn the dial after *se. The dial reads 
directly in r.p.m., but all accessories are in- 
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Induction Motors.—Bulletin 111 , 8 pp. 
Describes type AA Reliance squirrel-cage 
induction motors for two- and tflree-phase 
alternating current circuits, 40 °C. con¬ 
tinuous duty, open rating. Reliance Elec¬ 
tive & Engineering Co., Ivanhoe Rd„ 
Cleveland, Ohio. 

Potentiometers.—Bulletin, 8 pp. De¬ 
scribes potentiometers for research, stand¬ 
ardizing and educational laboratories. Kel¬ 
vin and Wheatstone bridges arid resistance 
boxes are part of the line. Gray Instru¬ 
ment Co., 64-70 W. Johnson St., Gefhnan- 
town, Philadelphia, Pa. 

Dry Metallic Rectifiers.—Bulletin. De¬ 
scribes a new unit of the type “F” rectifiers, 
providing a reliable source of small amounts 
of d-c. power for the operation of sensitive 
electrical equipment such as relays, electro- 
, magnetic counters, industrial control de- 
mces, etc. B-L Electric Mfg. Co., 19th & 
Washington Ave., St. Louis, Mo. 


Coupling Condensers.—Bulletin 601-H, 
24 pp. Describes a new development 
consisting of coupling condensers as a 
means of securing low voltage from high 
voltage circuits for operating instruments 
such as voltmeters, synchronoscopes and 
relays. Included is a detailed discussion 
of the electrical characteristics of circuits 
for various set-ups, with curves and wiring 
diagrams. Economies which are achieved 
are also presented. Ohio Brass Company. 
Mansfield, Ohio. 

Motors.—Bulletin 210, 20 pp. De¬ 
scribes the Noel polyphase capacitor motor, 
which employs capacitors in a patented 
connection to obtain internally a power 
factor of unity (100%), or 80% leading, in 
squirrel cage and slip-ring induction motors. 
In addition to possessing all the advantages 
of the ordinary motor it is claimed that 
the Noel motor has a greater starting 
torque, a lower starting current, better 
efficiency, and higher speed at all loads. 
The Ideal Electric & Mfg. Co., Mansfield, 
Ohio. 
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The PROXIMITY effect may be utilized 
to control the path of electric current used 
for heating where it is desired that the heat¬ 
ing be confined to predetermined strips of 
the conducting bodies, p. 559-562 


PrIVATE-WIRE teletypewriter service 
provides the speed, accuracy, and wide 
coverage necessary in the communication 
facilities of the modern police system. 
Several statewide networks now are in use 
p. 550-553 


A VOLTAGE LIMITING gap for pro¬ 
tecting power station apparatus has been 
developed, the breakdown characteristics 
of which can be varied over a wide range so 
as to conform to the characteristics of the 
station insulation, p, 579-582 


Field observations of conductor vibration 
on electric power transmission lines sub¬ 
stantiate the results of laboratory investiga¬ 
tions. Results show that adequate prac¬ 
tical protection can be provided by armor 
rods or dampers, p. 562-568 

3,000-KW sectionalized mercury arc 
rectifier has been found by tests to have an 
efficiency one per cent higher than that of 
the conventional single unif type, p. 576- 
579 

• • 

Man S RETREAT from light into dark¬ 
ness and from ventilated atmosphere to 
stagnant air is exacting its penalty. . So 
says a medical authority in the twelfth 
article in -the Engineering Foundation’s 
Symposium, “Has Man Benefited by Engi¬ 
neering Progress?” p. 553-555 


( Ultra precise practical timekeepers 
of today are of one of 2 classes, de¬ 
pending upon whether the restoring 
force is gravity as in pendulum clocks, 
or elasticity as in quartz crystal oscil¬ 
lators. The latter type is a develop¬ 
ment of recent years and has progressed 
so that the constancy of rate is com¬ 
parable with that of the best pendulum 
dock. p. 542-549 

Economic factors are important 

these days, espedally where they con¬ 
cern one’s own pocketbook. Members 
planning to attend the A.I.E.E. Padfic 
Coast convention August 30 to Sep¬ 
tember 2, 1932, in Vancouver, B. C., 
may be attracted by the reduced en¬ 
tertainment fees and the exchange rate 
between Canadian and U.S. currency 
that at present favors U.S. currency if 
the exchange be made at a bank. 
p. 588. Abstracts of technical papers 
scheduled for presentation are pub¬ 
lished in this issue. p. 583-586 

CoLORFUL pictures of Baltimore, 
Md., and its attractions for those 
attending the A.I.E.E. Middle Eastern 
District meeting, to be held in that 
dty October 10-13, 1932, are pre- 
sented in a preview written by a 
member of the local convention com¬ 
mittee. p. 587 

IMPORTANT discussions of papers 
presented during the Institute’s recent 
summer convention at Cleveland, 
Ohio, June 20-24, 1932. have been 
summarized, p. 590-595 

EdUCATION has been the subject 
of a number of recent papers presented 
before the Institute. One of these 
papers analyzes the various dectrical 
and rdated subjects in the program 
for dectrical engineering in a number 
of technical institutions, p. 568-571 

INTEREST in the "Letters to the 
Editor” columns of Electrical Engi¬ 
neering is growing rapidly. These 
contributions take many forms. Re¬ 
sponses which have been received in¬ 
dicate that these letters are widely 
read. p. 597-599 

TENTATIVE standard for engi¬ 
neering abbreviations has been adopted 
by the sectional committee oh sdentific 
and engineering symbols and abbrevia¬ 
tions of the American Standards Asso¬ 
ciation. This tentative standard is 
strictly an editorial specification. The 
terms most commonly used in dectrical * 
engineering literature are presented in 
this issue, p. 589-590 
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To Members of the Institute— 


In ASSUMING the duties as your 
president, I welcome the opportunity afforded 
through Electrical Engineering to express my 
deep appreciation of the honor you have cofiferred 
upon me and to say a few words concerning the» 
activities of the Institute for the coming year. 

We are passing through a most difficult period 
and if we were to approach the year ahead with the 
least hesitancy or lack of confidence, we most cer¬ 
tainly would not make the progress which has been 
so characteristic of the Institute in past years. How¬ 
ever, we do not lack confidence as to the future; we 
recognize that we have but paused in a forward 
movement toward even greater technical and pro¬ 
fessional achievements. If we recognize this period, 
therefore, as a golden opportunity to consolidate our 
forces and build an even better organization for the 
future opportunities so definitely ahead of us, I am 
sure that we will not only carry on with still greater 
benefit to each other and to society as a whole, but 
also we will establish an even higher esteem In the 
mind of the public as to the importance and value of 
our profession. 

We have but to look back a relatively few years to 
realize the remarkable advances that have been 
made in a short span of time in all phases of the arts 
and’ sciences with which we are concerned. Not a 
day passes without new vistas opening before us 
and revealing the way to new opportunities which 
cannot but lead to further material improvements 
and social advancements. Occasionally we hear the 
question raised as to whether scientific research and 
the general extension of engineering knowledge are 
not proceeding too rapidly for the common good, and 
consequently by some process might better perhaps 
be retarded. Aside from the impracticability of such 
considerations—touching as they do on man’s 
curiosity about the unknown, or the stopping of the 
flow of new things which man believes to be valuable 
additions to social life—those who have given these 
matters serious study realize that the problem centers 
not in the products of science, but rather in the fact 
that our knowledge as to the proper use Of the results 
of our scientific advancements has not developed 
nearly as rapidly as have the products of our research 
and engineering activities. These are matters which 
we of the Institute who are concerned in one way or . 
another with the fundamental or applied sciences 
must consider. Our opportunity lies before us in the 
chance to help to bring about the effective general 
understanding of these matters that seems so neces¬ 
sary. * 

Not only in those things of which I have spoken, 
but likewise in the general solution of the problems 
which confront the world at large at the present 
time, there is urgent need for the help of individuals' 1 
trained to discover facts and able to turn our efforts in 
the directions which such facts indicate. By basic 
training and practical experience, the engineer is 

. ’ ' 
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indeed qualified to assist in just such a challenging 
task, and I am confident that we shall find him taking 
an ever greater and greater part, in full cooperation 
with others, in finding the solutioii of the serious 
problems confronting our nation and the world in 
general. 

It seems to me, therefore, that we are in an era 
when the problems of the engineering profession are 
undergoing some rather important changes in their 
fundamental aspects, but in spite of our present 
temporary difficulties, I believe that these very 
changes, as well as other factors, all point to further 
progress and opportunity for those of our profession. 

Within the Institute itself, this next year naturally 
will present many difficult problems add we should 
be prepared to shape its policies and procedures to 
conform to the times and conditions as encountered. 
Financial matters will require most careful considera¬ 
tion to the end that, while maintaining the finanrjql 
integrity of the organization, we may as far as prac¬ 
ticable continue the essential services to our mem¬ 
bers. I bespeak your hearty support of the head¬ 
quarters and committee personnel faced with this and 
other important problems incident to these trying 
times, including the difficult questions involved in 
the Institute’s publication services. 

To our committees and the activities of our Sec¬ 
tions we look, as in the past, for the spreading of 
.interest and the enhancement of the value of our 
society to our members. At no time in Iristitute 
history have the activities of these groups been more 
important than at present, when it is hoped that we 
may not only hold together our great organization 
to as nearly as possible its full membership, but also 
add to its strength and solidarity. 

Always of the greatest value, but now of more than 
usual importance, I believe, are the activities of our 
Student Branches. The problems confronting our 
younger members are more than usually difficult at 
this time, and it is hoped that the cooperation be¬ 
tween our Sections and Branches may be fostered to 
an even greater and more effective degree than in the 
past. Such contacts must inevitably result in mutual 
encouragement, and benefit not only our student 
members but also our older members. 

As for myself, my service in the Institute long has 
been one of my greatest pleasures, and I welcome 
with keen anticipation the new opportunities which 
will be afforded me as your president to break down 
the barriers that distance creates for us, visiting 
again the various Sections, and through professional 
as well as personal contact have the privilege of carry¬ 
ing on with you the important activities which we 
shall find in hand during the coming year. 
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Modern Developments 
in Precision Timekeepers 



Clocks of the gravity or pendulum type 
have for many years been used as precision 
timekeepers; but through recent refine¬ 
ments they have been made more accurate 
and reliable. Another development of 
the last decade is the use of the elasticity 
of quartz crystal oscillators as the restoring 
force in precision timekeepers; this has 
been made possible by the vacuum tube 
and associated electrical circuits. Both 
types of timekeepers are discussed in this 
article. 


By 

ALFRED L. LOOMIS 

NON-MEMBER 

W. A. MARRISON 

ASSOCIATE A.I.E.E. 


Loomis Laboratory, 
Tuxedo Park, N. Y. 


Bell Tel. Lab., Inc., 
New York, N. Y. 


^expressed as M'x + R% + Sx = A sin {<at + <t>) 
where Af corresponds to the mass, R to the resistance 
or damping and S to restoring force proportional to 
displacement x. The right hand term represents th e 
sustaining force required on account of the dissipa¬ 
tion of energy in the oscillator. For an oscillator to 
be a perfect timekeeper, all of the quantities, M, R, S, 
A , and <t>, must remain invariable. While M and 5 are 
the chief rate governing quantities, the others from a 
design point of view are the most difficult to control. 

The ultra precise practical timekeepers of today 
may all be contained within 2 classes, depending upon 
where S (the restoring force) is 

1. Gravity (as in pendulum clocks) * 

2 . Elasticity (as in quartz crystal oscillators) 

Tho second class is a development of the last dec¬ 
ade and was made possible by the development of the 
vacuum tube and associated electrical circuits. In¬ 
tercomparisons between timekeepers of the 2 classes 
provide a most valuable means for the study of 
changes in gravity and related phenomena. These 
2 classes are discussed separately. 


A 


^»T THE BEGINNING of the pres¬ 
ent century it was believed by many that the limit of 
accuracy attainable by mechanical clocks had been 
reached. This presumption was based on the per¬ 
formance of specific mechanisms which had indeed 
been brought to a high state of perfection, but this 
presumption did not allow for the possibility of other 
typeS of mechanism for measuring time or for certain 
refinements which since then have more than doubled 
the accuracy and reliability of the best clocks then 
available. 

As the words dock, chronometer, etc., have come 
to have definite technical meanings in the art, the 
more general term “timekeeper,” will be used. In 
the broadest sense a timekeeper may be defined as 
any physical means that can be used for the subdivi¬ 
sion of time into intervals known in terms of a stand¬ 
ard time interval. Thus, any periodic phenomenon 
can be adopted in a timekeeper provided its period 
can be recorded in terms of another. In this sense 
the earth and the moon are timekeepers, as are vi¬ 
brating pendulums, tuning forks, and other sustained 
oscillators. 

As all man-made timekeepers are essentially “oscil¬ 
lators consideration will first be given the equa¬ 
tion of motion of a simple oscillator which ran be 

. Developmeilts in Precision Clocks'* (No. 
25-29, * thC wmter convention, New York, N. Y., January 


Gravity Timekeepers 

Unfortunately the motion of a pendulum is not 
quite simple harmonic motion since the restoring 
force vanes as the sine of the angular displacement 
(instead of directly as the displacement) and there¬ 
fore the period is not truly independent of the ampli¬ 
tude. This can be seen from the equation of motion 
of the pendulum which in its simplest form, neglect¬ 
ing damping and sustaining forces, is 

Mid -f- Mg sin 6 = 0 

The free period T for any given angular displacement 
can be expressed by the series: 

• - • 

T = (1 + 0.0625 a 2 + 0.00358 <** + ...) 

where a is the maximum deflection from midswing 
expressed in radians. The Corresponding Change in 
rate expressed in seconds per day is shown in the 
curve, Fig. 1. Various attempts have been ma de to 
constfuct pendulums having a period independent of 


they attempted to cure. Practical design has been 
confined to keeping the amplitude small and to pro- 
^viding a governing action so that any slight increase 
in amplitude causes an opposing tendency to decrease 
the amplitude, or vice versa. 

The old anchor recoil escapement accomplished 
this by increasing the friction oh the pendulum with 
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increase of • amplitude. The inertia escapement in 
the Shortt <$ock attains a similar result without the 
serious disadvantage of introducing friction. This 
inertia escapement is based on the principle that a 
weight rolling down an inclined plane applies a 
greater horizontal force to a slowly moving plane than 
to a faster mpving one. A suitable inclined plane at¬ 
tached to a pendulum receives an amount of energy 
roughly inversely proportional to the amplitude, or to 
the velocity at midswing. As the amplitude in¬ 
creases, the energy delivered into the system becomes 
less. But in spite of these controls the amplitude 
does vary in fact, which at the present time probably 
accounts for more irregularities than any other fac¬ 
tor. Dr. J. Jackson has shown that if the daily 
amplitude is regularly recorded and the clock rate 
corrected accordingly, a number of the irregularities 
in the Shortt clocks at Greenwich can be explained. 

If a direct amplitude control could be applied to a 
clock, such corrections should not be necessary. Such 
, a method is now being tried on a Shortt clock in the 
Loomis Laboratory. When the amplitude of the 
pendulum exceeds a predetermined amount by even 
0.0001 in", a signal is sent, via a pointed electrode 
which hangs in the evacuated pendulum casing, to a 
vacuum tube which operates a relay, so that the next 
30-sec. driving impulse is omitted. The electrode is 
so adjusted that about every fifth impulse is omitted 
in this way. With this control the constancy of rate 
appears to be improved, but at least a year’s record is 
needed for conclusive proof, as the variations which 
this device seeks to control usually only occur at in¬ 
tervals of several months. 

The complete solution for the period of a pendulum 
swinging in a resis ting medium, such as air, involves a 

factor yTTwhere R is the resistance to motion 
and k is a constant depending on the structure of the 
pendulum and the nature of the drive. Although it 
would appear from this that all pendulums should be 
operated in a high vacuum, practically it has been 
found that, from the standpoint of stability of period 
with pressure variation, the most satisfactory pres¬ 
sure for the Shortt clock is about 15 to 20 mm. of 
mercury. When the pressure is very low or at zero, 
the arc when not definitely controlled is very un¬ 
stable and causes large changes in rate; but in the 
neighborhood of 15 mm. of pressure there is a sta¬ 
bilizing action due to the air friction,, and a neutraliza¬ 
tion of the following four effects of pressure variation: 

1. Change in the restoring force due to buoyancy of the pendulum 
in air . 

2. Change of center of gravity due to buoyancy when the pendulum 
isjnade of dissimilar materials. 

3. Change of effective mass due to air carried along by the pendu¬ 
lum. 

a> 

4. Change of friction and consequent change in arc. 

. The first and fourth are probably of greatest im¬ 
portance. With decrease in pressure the first de¬ 
creases the period and the fourth increases it. At 
the critical pressure the 2 effects are about equal and 
opposite. In the determination of gravity, where 5 
very precise pendulums are used, all of these factors 
must be considered carefully. 

When the amplitude control device previously de- 
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scribed is used, the pressure can be reduced to a small 
fraction of a millimeter, which thereby reduces the 
effect of friction to a minimum. The term s/l -{- k*R 2 
then becomes practically unity and the required sus¬ 
taining energy can be very much reduced. * 

• 

Variations in Inertia 

Because of its effect on inertia, the expansion of the 
pendulum with temperature must either be reduced 
* or compensated for. At the present time practically 
all clocks of high precision employ invar pendul um 
rods with bobs of type metal or invar. The bob 
rests on an expansion collar, the dimensions of which 
are calculated to compensate for the lengthening of 
the rod. Some recent studies in Japan have pro¬ 
duced a “super-invar,” to use the expression given, 
which may have a zero or even a slightly negative co¬ 
efficient of expansion. If these new alloys are as 
stable as invar, they may have an important use in 
precision clock making, as the entire pendulum could 
be made from a single piece of material. 

With the new technique recently developed in the 
laboratories of the General Electric Company it *is 
now possible to produce pieces of clear fused quartz 
large enough to construct the entire pendulum for a 
clock. Some experiments are now being conducted 
with such clocks in the Loomis Laboratory. Fused 
quartz has a temperature coefficient of expansion of 
about 0.5 part in 10 6 per deg. cent. A temperature 
variation of one degree would therefore cause a 
change in rate of only 0.02 sec. per day due to this 
effect alone. In a constant temperature vault with a 
fused quartz pendulum a variation of 0.01 deg. would 
affect the rate only 0.0002 sec. per day; meang have 
been developed whereby temperature can be con¬ 
trolled to within 0.01 deg. over long periods. 



ARC IN DEGREES 

There are 2 .other major effects which should be 
considered in connection with pendulum length. 
These are (1) variations in the position of the point 
of oscillation, and (2) the instability qf materials 
with time, in other words, aging. The effect of knif e 
edge wear on the period of an ordinary pendulum is 
appreciable. A wearing of 0.001 mm. will change the 
rate of a seconds pendulum nearly 0.1 sec. per day. 
Largely for this reason, a flexible spring suspension 
of efinvar 4 is used in most precision clocks. But even 
the spring is suspected of changes in length, and, what 
is just as bad, also of variation in stiffness which 
would change the point of flexure and the restoring 
force. Aging effects in the pendulum rod can be re¬ 
duced only by finding better materials. It may be 
that fused quartz or possibly someiarge single crystal 

77 * >7 •' V ".7. „ . 543 



will be found finally tobe the most suitable material 
to use. 

The effect of knife edge wear on the period of a 
pendulum in theory can be avoided almost entirely by 
suspending the pendulum at a distance from its dfen- 
tdr of mass equa\to the radius of gyration about that 
point. This simple principle of mechanics ha s of 
course long been recognized and experiments are be¬ 
ing conducted in Germany 6 and elsewhere *to deter- 



to a pendulum has been realized almost from the be¬ 
ginning of precision clock history but canyiot be over¬ 
emphasized. 

The 3 clocks most often recognized as precision 
timekeepers are the Leroy, Riefler, and Shortt. One 
or more of these is to be found in most of the impor¬ 
tant; time laboratories and astronomical observatories 
throughout the world. In the Shortt clock the 
impulse to the master pendulum is controlled by 
means of am auxiliary or “slave” pendulum which in 
turn is automatically synchronized with the master 
pendulum to within ±0.003 sec. at all times. The 
means by which this is accomplished can be seen from 
Fig. 2 which shows the master and slave pendulums 
yrith all the essential control elements, and the count¬ 
ing or time indicating dials. Although the master 
pendulum determines the rate of the system, the slave 





Fig. 2. Shortt clock mechanism and circuit 


mine its value in a precision timekeeper. In the case 
a tlniform straight rod this distance should be 

of the total length from the center. With this 

condition fulfilled a change in this length due to knife 
edge wear of one part in a thousand would affect the 
period less than one part in a million. 

The Dbivtng Force 

The terms on the left-hand side of the fundamental 
equation at the beginning of the article have been 
considered briefly. The right-hand term—the driv¬ 
ing force—-and especially the quantity <j>, the phase 
angle, which presents perhaps the most difficult 
problem in the design of all timekeepers, will now be 
considered. 

The impulse should be delivered to the pendulum 
at the time when the velocity is at maximum; that is, 
at the center of the swing, in order to reduce to a 
m i n imu m the effect of variations in the driving force 
upon the rate. If the impulse is applied before the 
instant of maximum velocity, the rate is increased 
momentarily. If the impulse is applied after thfin 
stent of max imum velocity the reverse is true. Of 
course the impulse actually is of finite duration and 
the desired effect is approximated by supplying the 
pulse symmetrically with respect to the instant of 
ma x imu m velocity, thereby tending to neutralize the 
acceleration and retardation effects. The necessity 
for this method pi? applying sustaining power pulses 


Fig. 3. (Above) 
Quartz crystal with zero 
temperature coefficient 
used in crystal clock 


Fig. 4. (Right) Com¬ 
plete 100,000«cycle 
quartz oscillator 



pendulum and associated mechanism does the work of 
releasing the driving pulses at the proper time. The 
slave pendulum, through a jeweled ratchet and pawl¬ 
operated count wheel, releases mechanically a weight 
arm once each 30 sec. at just the right time so that a 
small wheel on the gravity lever, rolling down a 
curved inclined track associated with the slave pen¬ 
dulum rod, imparts the sustaining impulse to it. 
As soon as the mechanical impulse is delivered, this 
arm closes an electrical contact which resets the 
weight arm before the return swing of the pendulum, 
in readiness for the next 30-sec. impulse. The cur¬ 
rent which resets the slave clock drive also releases 
the impulse mechanism for the master clock thereby 
avoiding the use of any mechanical connection with 
the master pendulum other than that of the impulse 
wheel. As in the case of the slave drive mechanism, 
the impulse lever makes an electrical contact after 
delivering its impulse to the master pendulum, which 
resets the gravity arm and in addition operates the 
“hit and miss” synchronizer on the slave clock. The 
•slave pendulum normally runs a little slower than the 
master and is speeded up when necessary by means of 
a spring attached to the pendulum rod which is en¬ 
gaged by the synchronizer whenever the slave lags 
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by more than 0.002 sec. behind a definite phase re¬ 
lation to th$ master. 

There are reasons to believe, however, that small 
changes in phase do occur, especially with variations 
in amplitude. Probably future improvements in 
gravity timekeepers will include improved methods 
for keeping the phase of the driving force more nearly 

constant. 

* 

Crystal Oscillators as Timekeepers 

Within recent years developments in methods of 
keeping time have progressed so far that the con¬ 
stancy of rate of certain mechanical resonators, main¬ 
tained in vibration by vacuum tubes, may be com¬ 
parable with that of the best pendulum clocks. Such 
oscillators have the chief attributes of a good clock 
and can be used to operate or control a wide variety 
of time mechanisms with even greater versatility than 
the conventional pendulum. 

The most accurate oscillators of this type known to 
the authors are controlled by plates of quartz crystal 
vibrating^at a high frequency; that is, high in com¬ 
parison with the frequency of a pendulum. Probably 
the most accurate of these at the present time is a set 
of four 100,000-cycle oscillators that has been built by 
the Bell Telephone Laboratories principally for use as 
a primary frequency standard. These laboratories 
also have supplied a similar set of oscillators for the 
same purpose to the U.S. Bureau of Standards. 

In this type of oscillator the frequency is controlled 
by a ring of quartz crystal as shown in Fig. 3, about 
3 in." in outside diameter. The frequency of the oscil¬ 
lator is the same as that of the crystal; that is, 
100,000 cycles per second. One complete oscillator 
including temperature and pressure controlled crystal 
and shielded vacuum tube circuit is shown in Fig. 4. 




to one millisecond in time; hence, any variation in 
the motor mechanism or operation can amount at 
most to a fraction of a millisecond. Such a motor 
can be used to operate time indicating or measuring 
apparatus in a wide variety of forms. « 

As a rate controlling element a crystal of quarts 
used in this way has«a number of outstanding useful 
properties. As previously discussed, the rate of vi¬ 
bration is controlled chiefly by the effective mass and 
stiffness of the resonator. On account of the chemi- 
• ca l stability of the substance Si0 2 and the physical 
stability of the crystal structure of quartz these may 
be expected to be constant to a high degree. At the 
present time, variations introduced by the vacuum 
fhbe circuit and the crystal mounting are such that 
no conclusive evidence of aging in the quartz has 
been obtained. -r * 

Since the elasticity is a constant for such displace¬ 
ments as are required (amounting to less than one 
part in 100,000 change of dimensions) the rate is sub¬ 
stantially independent of amplitude. The amplitude 
can be controlled at nearly a constant value, however, 
by proper adjustment of the vacuum tube circuit. 

The temperature coefficient of frequency c an be 
made as near to zero as required at any given operat¬ 
ing temperature by properly adjusting the shape of 
the resonator. Crystals which have been in con¬ 
tinuous operation for 3 years have not shown any 
appreciable change in this adjustment. 

Crystals are not affected by gravity or magnetic 
fields and can be shielded rfeadily from electrostatic 
fields. They can be mounted so as to be relatively 
immune to vibrations which always seem to be pres¬ 
ent in the earth, especially near traveled roads and 
manufacturing centers. This may be found to be an 
important factor in the location of accurate clocks in 
cities or near earthquake zones. The crystals re¬ 
ferred to above are mounted on the seventh floor near 
a much traveled thoroughfare in New York City. 

The electromechanical coupling to a crystal for im¬ 
parting the sustaining energy to it makes use of its 
piezo activity. As far as has been determined there 
is no increase in decrement directly due to this means 
of coupling, although of course through this coupling 
properties of the electrical circuit such as damping 
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Fig. 5. Performance data for crystal clocks 

Curve 1. Rate comparison between crystals 1 and 2 
Curve 2. Integral of curve-1, showing running comparison 
Curve 3. Indicated time of one crystal clock vs. corrected 
signals from U.S. Naval Observatory 

* 

In order to operate clock mechanisms in the most 
direct way it is necessary to control from this" high 
frequency another which is low enough tq operate a 
synchronous motor. This is done by an electrical 
circuit known as a sub-multiple generator which con¬ 
trols one frequency at a definite fraction of another in 
absolute synchronism. Several types of circuit have 
been used for this, all of which are as positive in ac~ * 
tion as a set of gears. Usually the low frequency 
used to operate the motor is 1,000 cycles. Each 
pole on the motor in motion therefore corresponds 


Fig. 6. Special light interrupter 
for the production of accurate tim¬ 
ing signals by means of a photo¬ 
electric cell 



may be manifested in the crystal. The logarithmic 
decrement of a 100,000-cycle low-coefficient crystal 
mounted in air at atmospheric pressure and coupled 
into the electrical driving circuit is about 0.00012. 

Probably the largest rate disturbing factors in the 
crystal dock at the present time are due to effects of 
the phase <t> of the applied driving force. This factor 
varies slightly with circuit variables, aging of vacuum 
tubes, and power voltage variations. Developments 
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now in progress indicate, however, that the effects of 
these variables can be greatly reduced, and a marked 
improvement * n performance should result. The 
performance, as clocks, of a pair of crystals is shown 
for a 3-month period in Fig. 5. t, 

• While the crystal clock assembly is more costly 
than a pendulum clock and requires more elaborate 
associated electrical equipment, it is believed fdr 
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Fig. 7. Oscillograms of time signals produced by 
e photo-electric cell method 

Oscillogram 1. Direct signal (a) obtained from photoelectric cell 

° SC tHo 2 - A D ' r »S! Si"! , a j d A c ^ th< r same s '9 ndl transmitted 
by radio. A method is indicated for marking every 0.1 sec. 

Oscillogram 3. Direct signal (d); and (e) same signal rectified for re¬ 
cording with only 0.01-sec. resolution 
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Fig. 8. Proposed method for production of accurate 
time signals by photoelectric cells 

• 

many purposes to be decidedly superior because of its 
great versatility. For example, its rate can be ad¬ 
justed at will over a sufficient range to allow for such 
aghig effects as occur. Also, the phase, or indicated 
time, can be adjusted with extreme accuracy. This 
can be done most advantageously in the electrical 
circuit by means of a phase shifter which operates 
continuously through 360 electrical deg., or any frac- * 
tion or multiple thereof. If used in the 100,000-cycle 
circuit, one complete turn of the dial corresponds to 
a final adjustment of 0.00001 sec., which obviously 
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iis greater accuracy than needed in any ordinary time 

Tif accuracy of inter-comparison of crystal clocks 
may be very high. f An absolute comparison accurate 
to better than 0.00001 sec. can be maintained con¬ 
tinuously, while under special conditions short time 
comparisons accurate to one part in 10 10 can be made. 
1 his high accuracy of comparison is due chiefly to the 
large number of vibrations per second, 200,000 tim es 
greater than with a “seconds” pendulum Even 
greater accuracy of comparison could be obtained by 
the use of higher frequency crystals, but for reasons 
of convenience and greater freedom from the effect 
ol external circuits and the mounting, the lower fre¬ 
quency is preferred. 

One application of considerable interest is that 2 
clock mechanisms can be operated from the same 
crystal control in this way so that one keeps true 
mean solar time when the other keeps true sidereal 
time. It can be shown readily that any ratio of 
rates can be obtained for such a purpose accurate to 
at least one part in 10 10 without the use of an unduly ' 
complicated mechanism. Lord Grimthorp has shown 
why a pendulum cannot be used for this puipose, but 
hisreasons do not apply to the crystal control method.. 
*i. B Z, mea ; ns of . a Photoelectric cell and a shutter of 
the type shown in Fig. 6, signals of extreme accuracy 
can be controlled which could be used for radio trans¬ 
mission of time signals or for any purpose requirincf 
great accuracy. When this disk is rotated at 10 revo¬ 
lutions per second by a crystal controlled motor the 
current from the photoelectric cell is 1,000 cycles 
modulated m the manner indicated in oscillogram 1 
of Fig. 7, at 100 cycles per second. By marking one 
U.Ol-sec. element, as for example by partially block¬ 
ing one sector, a positive 0.1-sec. indication is ob- 
Jhe oscillograms shown in Fig. 7 were made 
with the disk shown, and indicate how with the use of 
a suitable oscillograph, a continuous time signal can 
be recorded that can be read to a fraction of a milli¬ 
second. This resolution would be very useful for 
accurate time measurement work, for studies in radio 
propagation times, and for measurements of gravity. 
Observers requiring less resolution than this could 
obtain 0.01-sec. accuracy by the use of a rectifier and 
a recorder accurate to only 0.01 sec. The same is 
true for 0.1 and 1.0-sec. accuracy by a suitable choice 
of transmitting disk and receiving equipment. 

The *seco*nd oscillogram shows the signal direct 
from the disk and after it had gone through a com¬ 
plete radio transmitter and receiver consisting of a 
total of 11 tandem vacuum tube stages and associated 
equipment. As indicated, the total delay encountered 
was about 0.1 millisec., and the distortion is not ap¬ 
preciable. Of course any combination of make and 
break signals can be controlled in this way using 
either a continuous or a modulated tone. If desired 
a series of 1 / 2 -sec. dashes could be controlled, inter¬ 
spaced by a dot-dash code to designate each dash. 

A complete time signal control mechanism based 
upon this idea is shown diagrammatically in Fig. 8. 

In the method shown, light from a straight filament 
lamp is imaged on the slotted edge of a disk driven at 
10 revolutions per second by a 1,000-cycle motor. 

The light entering the photoelectric cell is modulated 
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as indicated, at 1,000 times and 500 times per second 
alternately,^ and controls a corresponding electrical 
signal. The slow speed shutter, rotating at one revo¬ 
lution per second, causes the effective light path to al¬ 
ternate between the 2 disks once each second, and 
gives a corresponding variation of electrical signal. 
This signal can be used for any resolution from, one 
second down to one millisecond and can be received 
through'static and fading. It can be reduced to the 
dash-space type by the use of a simple voice-fre¬ 
quency filter to suppress the undesired half signal, or • 
used as a continuous signal for oscillograph recording. 

Among the advantages of the crystal clock should 
be mentioned that in order to control any number of 
clock mechanisms with the same precision it is neces¬ 
sary only to distribute the constant frequency current 
derived from the crystal to the separate mech an isms 
This can be done on any scale economically feasible. 

Experiments in Time at Loomis Laboratory 

* 

The clock installation at the Loomis Laboratory, 
Tuxedo Park, in brief consists of 3 Shortt clocks 
mounted in an especially favorable location practi¬ 
cally free from traffic and electrical disturbances, and 
carefully temperature controlled. The excellence of 
the location is enhanced by the fact that the* clock 
vault is excavated in the solid rock of the mountain 
on which the laboratory stands, and the 3 massive 
masonry piers for mounting the clocks are effectively 
a part of this rock. One of the 3 Shortt master 
pendulums in its casing is shown in Fig. 9 mounted on 
its pier within the temperature controlled vault. 

By means of the Loomis chronograph 3 it has been 
possible for the first time to obtain a running phase 
comparison of a number of clocks with great pre¬ 
cision. Prof. E. W. Brown and Dr."* Dirk Brouwer 
have shown 10 that the probable error of the mean 
hourly rates as measured by this chronograph is less 
than 0.0001 sec. With a resolution of this order, it is 
possible to study some effects that would be forever 
unsuspected with the use of any comparison equip¬ 
ment used heretofore. 

The rate curves on Fig. 10 will illustrate a case in 
point. These 3 curves show the differences in rates 
between the 3 Shortt clocks taken in cyclic order, 
plotted on a very open scale over a period of about 
3 months. Although the mean rates oyer this and 
much longer periods are constant to one part in ten 
million, there are fluctuations in rate having for the 
most part perfectly definite periods. These fluctua¬ 
tions are real and a study 10 of the data by Professor 
Ijjrown showed that the periods correspond to the 
differences in periods of the pendulums taken in 
pairs. This implies that there is coupling between 
the pendulums and that the rate of one is modulated 
by that of the others even though the .pendulums 
swing practically in vacuum and are mounted on 
separate massive piers, and that they swing in planes 
120 deg. apart. This would seem: to show that 
massive as the piers have been made, they are not 
infinite in comparison with the 14-lb. pendulums, and * 
that strains set up by each pendulum are felt in some 
degree by the others through the piers and solid bed 
rock. . ••••' Y 'Y-." 


A study was made of the performance of several ac¬ 
tual installations of precision clocks, including Riefler 
clocks nos. 60, 70, and 151 at the U. S. Naval Ob¬ 
servatory, Washington, D. C.; Riefler clock no. 412 
and? Shortt clock no. 29 at the Dominion Observatory* 
Ottawa, Can.; Shortt clock no. 11 at the Royal Ob¬ 
servatory, Greenwich, Eng.; Leroy clock no. 1,185 at 
the Paris Observatory, Paris, France; and Shortt 


Fig. 9. (Right) Master pen¬ 
dulum in casing For one of 
3 Shortt clock? located in the 
Loomis Laboratory 


Fig. 10. (Below) Intercom¬ 
parison of 3 Shortt clocks 
which are located in the 
Loomis Laboratory 

Rates are given in the 3 upper 
curves. Integrated rates are given 
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clock no. O at the Royal Observatory, Edinburgh, 
Scotland. This study showed that although the 
rate variations of the 3 Shortt clocks at the Loomis 
Laboratory are quite appreciable as measured by the 
Loomis chronograph, the relative performance, as 
clocks, is all that could be desired, and indicates that 
factors having small but real effects upon the rate can 
be detected by a chronograph with this high resolving 
power when they would not be observed at all by 
ordinary methods. The 3 rate curves and the 3 time 
curves of Fig. 10 are plotted to the same scale as the 
corresponding crystal data in Fig. "5. 
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and there used to drive the distributor as outlined 
above. The resulting records are continuous com¬ 
parisons of the 3 Shortt clocks and the crystal, accu¬ 
rate to better than e>ne millisecond in time. 

Since the crystal does not respond to variations in 
avity while the pendulum does, the difference in 
rates contains a term having the period of the lunar 
day, corresponding to the direct gravitation effect of 
the moon on the pendulums. Several months’ rec- 
ords of the* Loomis chronograph have been ana¬ 
lyzed 10 by Professor Brown and Doctor Brouwer and 
a lunar term observed having the proper period and 
magnitude. A graph of the lunar effect derived in 
this way is reproduced from their paper in Fig. 12. 

periodic gain and loss in indicated time is about 
0.0002 sec. per lunar day. 

The results of time studies obtained at the Loomis 
Laboratory have been very encouraging and it is 
planned to continue the researches in clocks and ti m e 
measurement methods. 

Possible Future Investigations 


• Fig. 11. Loomis chronograph and one of 3 Shortt 
slave clocks in the Loomis Laboratory 

• 

The Loomis chronograph shown in operation in 
Fig. 11 consists of the following essential parts: 

1. A strip of paper about 10 in. wide moving at a uniform rate be¬ 
tween a tong grounded electrodoi and a comb consisting of 100 seoa- 
rate equally spaced pointed electrodes. 

* ?nn distributor having 100 segments separately connected to the 
1UU elements of the comb, operated at exactly 10 revolutions per 
second by a synchronous motor from a source of 1,000-cyde current. 

3. A source of high potential consisting of an induction coil through 
the primary of which a large condenser is discharged when a record is 
to be made. A small condenser on the induction coil secondary 
stores sufficient energy to produce an intense spark of very short 
duration. 

4 . A single relay in the common circuit of all the time devices to be 
recorded on the moving paper strip. 

If the relay is operated every time the distributor 
makes some exact whole number of revolutions a 
senes of perforations will be made in a line parallel 
with the eoge of the paper. If in the time between 
sparks, the motor revolves a whole number of times 
plus or minus 100, successive perforations will be dis¬ 
placed an amount corresponding to one millisecond in 
time. One second in time is represented by 10 com¬ 
plete transits of the chart, so that, in effect, the chart 
is 100 in. wide and the effective recording element 
moves at the rate of 500 ft. per min. Thus from the 
slope of the line of perforations with respect to .the 
edge of the paper the difference between the rate of 
the distributor and the rate of the sparks can be de¬ 
termined with high precision. Similarly any number 
of separate sets of sparks can be recorded simulta¬ 
neously on the same chart/using the same actuating 
relay and distributor. The relative rates may be de¬ 
termined by measuring the difference of slopes of the 
rows of perforations. 

This is the method used for intercomparing the 3 
Shortt clocks and for comparing them with crystal * 
osaUators m New York City. . To accomplish this, 
1,000-cycle current controlled by the Bell Labora¬ 
tories crystal is sfint over a private wire to Tuxedo 


No doubt there is a practical limit to the accuracy 
attainable in a timekeeper but as long as random 
changes in rate are observed which cannot be ex¬ 
plained by uncontrollable properties of matter (such 
as Brownian movement) that limit has not been 






LUNAR HOURS 

Fig. 12. Analysis of comparison data between 
crystal clock and 3 pendulum clocks revealed the 
periodic lunar day variation shown in the left hand 


curve 


reached, even with the types of mechanism at present 
m use. 

The suggestion has been made of utilizing the con¬ 
stant velocity of light between fixed points as a 
measure of period. At present the velocity of light 
is known to less than one part in a million. Even if 

were known with greater accuracy, the practical 
difficulties of establishing such a standard, except in 
a very rough way, would be insuperable. In the 
first place the distance between the measuring points 
would have to be known to one part in a millio n, that 
is, better than 0.06 in. in a mile, assuming no other 
error, to define a standard good to only 0.1 sec." per 
day. Considering the difficulties in measurement, 
an accuracy of a little better than apart in a million is 
about all that could be expected of such a method by 
any means now known. 

The extreme definition of some spectral lines indi¬ 
cates a very slightly damped oscillation of some sort 
m the atom, and some thought has. been directed to 
means of making a frequency comparison between 
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these vibrations and others of lower frequency that 
could be used to measure time as previously outlined. 
The effective logarithmic decrement of the “oscilla¬ 
tor” behind the red line of cadmiiam can be estimated 
as about one tenth of that of a quartz resonator. 
The difficulties of utilizing this sort of thing as a time 
(or frequency) standard are: First, it is not known 
at present whether the “frequency” of an atomic dis¬ 
turbance has the same physical significance as vibra- 
tions-per-second and, second, even if the* significance 
were the same, the orders of the 2 frequency r ang es 
are so far separated that no means known at present 
could be used to effect the comparison. Besides, the 
energy of a spectrum line is no doubt made up of a 
large number of damped wave trains superposed in 
some fortuitous fashion as would cover the identity of 
separate cycles. 

Probably the real final limit in the accuracy of 
timekeepers is concerned with the measure of our 
time standards. Some observations indicate that 
* the rate of the earth’s rotation is not constant, but 
that there are both systematic and apparently ran¬ 
dom changes in rate as compared with the motion of 
other astronomical bodies believed to be more stable. 
For example: About 1918 a rather abrupt change in 
rate was observed which amounts to about one part 
in thirty million. This is small to be sure, but points 
to the improbability that the rate of any phenomenon 
is absolutely constant. After all, time is relative and 
the most nearly accurate measure of time must al¬ 
ways be in terms of the most nearly constant motion 
that, can be observed. 

At the present time in the official observatories of 
the various countries the usual procedure is to plot the 
star observations in terms of their master clock and 
then to draw a smooth curve, which curve is adopted 
as the official clock correction. To some extent the 
drawing of this curve is a matter of judgment, based 
partly on the number and certainty of the star ob¬ 
servations and partly on the estimated performance 
of the master clock in terms of their other clocks. 
These observatories at the present time also trans¬ 
mit and record radio time signals and publish periodi¬ 


cally corrections to these signals in terms of their 
“standard clock error.” From these data alone it is 
not possible for any one observatory to compare •its 
clocks directly with the clocks in another observa¬ 
tory. If the observatories would publish one addi¬ 
tional number for each of their important clocks, 
namely, the comparison of each clock with their offi¬ 
cial time,^ it would be possible to compare the rates of 
the clocks in such observatory directly with clocks 
anywhere else in the world where the radio time sig¬ 
nals can be received. This would involve only *a very 
small amount of additional work as the n ume ri ca l 
data have to be obtained in any case. It is well to 
Jjote in this connection that the United States Naval 
Observatory has adopted a procedure which is very 
similar to this, the only difference being that instead 
of publishing the corrections to each of its principal 
clocks, it publishes a single number which represents 
the correction of the weighted mean of several clocks. 
This is an excellent beginning and it is hoped in the 
interest of future clock developments and of studies 
in gravity and related phenomena, that others will 
follow. 
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Near the scene of the A.I.E.E. 1932 Pacific Coast convention, the Second Narrows, Vancouver, B. C. 

Here 2 34.6-kv. lines and 2 communication circuits of the British Columbia Electric Railway Company, Ltd., cross Burrard 
Inlet; the crossing is designed to carry ultimately 2 165-kv. lines, 4 34.6 kv. lines, and 4 communication circuits. Length 
of the jnain span is 1,641.5 ft.; minimum height above high water, 186 ft Conductors on main towers and back«guys on anchor 
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Communication by 

* Policc Teletypewriters 

Police organizations throughout the country 
rapidly are adopting the teletypewriter, 
the latest development in record communi¬ 
cation. By this means alarms are typed at 
one point and simultaneously recorded in 
printed form at a large number of widely 
Scattered stations. The engineering of fa¬ 
cilities required for a modern police system 
involves the solution of many special 
problefas. 


BY 

R. E. PIERCE 

MEMBER A.I.EE. 


American Tel. & Tel. Co., 
New York, N. Y. 



Fig. 1. Teletypewriter installation at the head¬ 
quarters of Troop K, New York state police, at 

Hawthorne 


Fig. 2. Traffic on 
the teletypewriter | 

system of the 3 

Pennsylvania J 
state police, in I 

number of mes- ^ 

sages per month 
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, —'PEED, .accuracy, and wide cover- 
age are important factors in the communication 
facilities of any modern police system. During the 
past 2 years there has been a definite and rapid 
adoption of private wire teletypewriter systems by 
tte police as a means of communication between the 
different units within a police organization. The 
teletypewriter provides means for typing a message 
at one point and recording the message in type¬ 
written form at a distant point as well as at the 
home station. These systems are now so wide- 
spread that approximately 40 per cent of the people 
of the United States live in areas protected by police 
teletypewriter systems. 

The primary use of the teletypewriter by the 
police is to broadcast alarms, usually consisting of 
notices to apprehend suspects, watch for miss ing 
persons, or recover stolen goods. Teletypewriter 
systems also find a large field of usefulness in the 
handhng of routine correspondence between units 
of the larger pohee organizations. 

The different types of traffic ; handled on a typical 
pohee system are shown in Table I. These statistics 
were obtained from the Pennsylvania state police 
system covering the month of October 1931. The 
statewide broadcast includes messages from Harris- 
J? e ^, of ^ 110 municipal police stations 
tHQ« U fn° Ut ^ e , st * te - will be noted that more 
P^y-ent of the statewide broadcasts had to 
dp^with stolen automobiles. Since these communi- 

registration numbers and 

fJrw ’ ^.Prated record is an important • 

factor in eliminating errors. The rapid growth 


S^I U 1°E. Great (N °' 32M8) P rese *<*d at 

es District meeting, Milwaukee, Wls., March 14-16,1932, 


in the amount of traffic handled by this system 

since it was established in January 1930 is indicated 
in big. 2. 

r 

General Features 

Briefly, the teletypewriter, or printer as it is 
sometimes called, is a machine which allows a 
message to be typed simultaneously in 2 or more 
remote locations. The connections between the 
various machines on a given network usually con¬ 
sist of ordinary telegraph circuits. If they are 
long, it may be necessary to provide terminal and 
intermediate telegraph repeaters in order to obtain 
satisfactory teletypewriter transmission. 

In general, the teletypewriters as used for police 
communication are arranged to print the received 
message in page form. The typical machines of 
this type are shown in Fig. 1. . It will be noted that 
some of the machines are equipped with keyboards 
while others are for receiving only, and therefore 
have no keyboards. Power for operating the 
various mechanisms is provided by fractional horse¬ 
power motors which take their current from the local 
a-c. or d-c. lighting circuits. 

The layout of the private wire teletypewriter 
system of the New York state police is shown in 
Fig. 3. In this network there are at present 85 
teletypewriter stations, 64 of which are arranged for 
both sending and receiving while 21 are equipped 
receiving only. There are 6 switchboards lo¬ 
cated at the headquarters of the various state police 
troops. All but one of these switchboards are 
located in police barracks outside of metropolitan 
areas. The telegraph circuits involved in this net- 

lyork total about 3,500 miles and require 80 telegraph 

#»...* ' ‘ ; 
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repeaters. Fig. 4 shows a typical telegraph office 
where provision is made for maintenance and super¬ 
vision of such private wire systems. The circuit 
mileage is made up of various types of telegraph 
facilities, including the voice* frequency carrier 
telegraph system, the metallic telegraph system, 
2-path polar and one-way polar system, the polar 
duplex and the neutral system. 

* 

Technical Features 

The essential elements of the tesletypeWriter 
system are: the sending mechanism, th6 telegraph 
line, and the receiving teletypewriter. By iheans of 
the sending mechanism, manually selected characters 
of the alphabet and certain necessary typewrit# 
functions, such as paper feeding, carriage returning, 
and spacing, are converted into groups of electric 
impulses. These are transmitted over the telegraph 
circuit by means of different current values, which, 
as in practically all land line telegraph eifcuits, are of 
2 values. (One of these current values may be 
zero as in the neutral telegraph system.) The 
signals Set up the selecting devices in the receiving 
machine corresponding to the transmitted character, 
and cause this character to be reproduced. 

The selecting code which is used employs 5 signal 
elements for each character. This 5-unit code, in 
combination with the possibility of either of 2 current 
values for each unit, provides 32 possible combina¬ 
tions. For instance, representing the 2 current 
values by (1) and (2) one of the 32 possible combi¬ 
nations would be 1-2-2-2-2. That is, the first unit 
would be transmitted at one current value and 4 
following would be transmitted with the other 
current value. Another combination would be 
1-2-2-2-1, etc. « 



Tabic I—Traffic on a Typical Police System in One Month 


Type of 

Alarm 

Statewide, 

Broadcast 

'Local 

Harrisburg 

Zone 

Broadcast 

Wanted for crime.. 

_ 207...... 

. ; 180 

Stolen automobiles. 

.. 1,254 .___ 

o 

Other stolen property. ......... 

_ 30.. 

10 

Missing persons.. 

. 146....... 

... 42 

Arrests^of wanted...., 

. 39. 

38 * 

Miscellaneous. 

99. 

... 543 

Recovered automobiles. 

....... 700....... 

... 0 

Requests for information. 

.. o . 

... 614 

Total........ 

.......2,481....... 

...1,383 * 
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One of the 5 unit combinations is assigned to each 
of the 26 letters of the alphabet, leaving 6 remaining 
for the teletypewriter functions, such as spacing, 
carriage returning, and paper feeding. Numerals 
aryi punctuation marks are obtained by providing; 2 
characters on each type-bar of the printing mecha¬ 
nism . as in an ordinary typewriter, and one code 
'combination is used for shifting from one set of 
characters to the other. The remaining, or 32nd, 
selecting combination is employed’ to allow a re¬ 
ceiving station to “break” or stop the sending 
operator when that station wishes to send. 

It of course is necessary to identify each of the 
5 successive signal elements at the receiving end, in 
•order that the proper selection be made. This is 
accomplished by having the receiving mechanism 
run in synchronism with the sending mechanism. 
This synchronizing is accomplished without unduly 
complicated mechanism, by means of the so-called 
start-stop principle which may be described briefly 
as follows: 

The sending and receiving mechanisms each are 
driven by fractional horsepower motors running at 
approximately the same speed, the speeds being 
controlled either by governors or by the use of 
synchronous motors. These motors run continu- 
* ously while the teletypewriters are in use, and 
through friction clutches drive the transmitting 
and receiving mechanisms. The transmitting and 
receiving mechanisms are restrained from operating, 
however, by mechanical * arrangements which are 
released when the first line signal is received. In 
order to accomplish this starting function, the 5* 
selecting signal elements are preceded by a signal 
element of a current value opposite to that of the 
line in the idle condition; The receipt of this first 
signal at the receiving teletypewriter starts the 
printing cycle. The 5 selecting elements which 
follow the starting signal select the proper character * 
and cause it to be printed. Following the selecting 
impulses a seventh signal element is" transmitted over 
the line which causes the receiving mechanism to 
stop at the completion of the printing cycle. When 
the next group of signals is . received, this cycle is 



* Fig. 4. Typical repeater office for private wire 
teletypewriter systems, 


































repeated. With this * arrangement the receiving located in remote places outside of metropolitan 
mechanism does not start until the first impulse is areas, it usually is necessary to provide fl a complete 
received, and stops at the completion of the cycle, power plant to supply current for fine facilities, 
Therefore, the sending and receiving mechanisms supervisory signals* and teletypewriter machines, 
aare required to remain in synchronism for one prftit- In some statewide systems the Stations are divided 
itfg cycle only. * The teletypewriters usually are into zones, with each zone under the control of an 
arranged to type at 60 words per min., or 6 letters individual switchboard. Arrangements may be pro¬ 
per sec. The duration of a printing cycle, therefore" vided which allow the operator at general head- 
is approximately sec., and synchronism is ac- quarters to take control of the broadcasting circuit 
compHshed without rigid requirements on the speeds 
of the teletypewriter motors. 

In addition to simplifying the manner of main¬ 
taining synchronism, the start-stop principle makes 
it possible for 2 stations to communicate without 
regard to the distance between them or to the lag 
introduced in the telegraph signals by intervening 
circuits or apparatus. The selecting signal elements 
are always transmitted and received in the same 
time relation to the start impulse which controls the 
start of the printing cycle. 

Special Features 

Police teletypewriter systems have presented a 
number of special problems. One of these is due to 
the fact that the communications are of an inter¬ 
mittent nature, but service must be available con-' 
tinuously. It is therefore desirable that the calling 
station be able to start and stop the motors of all 
of the distant called stations. Therefore most 
police tnachines are so 'equipped that starting is 

accomplished by the sending of a “break” signal and Fig. 6. Teletypewriter installation at New York City 
' stopping by the sending of a “shift” followed by an police headquarters. Police Commissioner Edward' 

“H” signal from the teletypewriter keyboard. . p, Mulrooney is shown dictating a message during a 

By the use of “shift” signal followed by a letter recent 7,000-mile police teletypewriter hook-up 
signal, other features are made available: Tele- covering Ae United Sbte> , n j 
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Fig. 5. The one¬ 
way fixed layout 
teletypewriter 
network in Essex 
County, N. J. 


typewriters thus are regularly provided with a 
signaling be^l. Also in special cases, a loud ringing 
bell is provided, either a single stroke or a con¬ 
tinuous alarm being used, 

Some of the switchboards used in police systems 
are equipped with keys for switching, while, others 
have cords and plugs of the type, used in telephone 
switchboards. Sinte these switchboards are often 


for any. or all zones throughout the state, thus 
permitting the statewide broadcasting of certain 
alarms. The transferring of all the lines from the 
zone switchboard to sending relays under the control 
of the circuit from headquarters is accomplished by 
sending a code signal from a special key at general 
headquarters over the regular teletypewriter circuit 
to the zone headquarters. After the statewide 
broadcast, the circuit may be restored to normal 
by sending a long “break” signal from headquarters. 
These operations are accomplished without any 
action by operators at zone headquarters. 

In some of the municipal networks, arrangements 
have been set up whereby a message or alarm sent 
to an outlying-station equipped with a machine for, 
receiving only, can be acknowledged. Usually" 
a separate circuit is provided for this purpose so that 
the operation of an acknowledgment key at the 
receiving station will give a signal, such as the 
lighting of a lamp at general headquarters. The 
attention of the receiving station operator may be 
attracted at the end of a message by the ringing of 
the teletypewriter bell at all receiving stations. 

• In a multi-station series network it sometimes is 
desirable to be able to select stations individually 
or in groups. For this purpose a selective calling 
arrangement using a regular telephone dial is used. 
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When the code number of a particular station is 
dialed, a selecting device at the station completes the 
power circuit, thereby starting the motor of the 
called station. A visible or audible signal will be 
operated to attract the attention of the operator at 
the called station, and a busy signal will be lighted 
at all other stations indicating that the circuit is 
busy. When desirable, a lock-out or secrecy fea¬ 
ture may be provided which prevents any station 
not called from starting its machine and receiving 
the message being transmitted. This system has 
the obvious disadvantage that only one conversation 
at a time is possible on the network. 

Circuit Layout Features 

Various types of circuits are adaptable to police 
teletypewriter systems, A few of these systems 
will be described briefly. 

The one-way fixed layout system includes a central 
transmitting point from which communications are 
• transmitted to a number of machines arranged for 
receiving only. An example of this type of system is 
shown in Fig. 5. The outstanding advantage of the 
.one-way fixed layout system is the speed with which 
broadcasts can be made, since the entire network 
is always available. , , 

The 2-way fixed layout system has all of the sta¬ 
tions connected to the circuit so that any 1 can 
send and the others will receive. The outstanding 
advantage of this type of system is that the entire 
network is available to each station for broadcasting 
alarms or for intercommunication between individual 
stations. This system has the disadvantage that 
when 2 stations are communicating, the entire net¬ 
work is not available for a broadcast without inter¬ 
rupting the local conversation. 

The one-way selective system Consists of lines 
radiating from a switchboard at general headquarters 
with machines in the outlying points equipped for 
receiving only. This is similar to the one-way 
fixed layout system except that individual lines or 
groups of lines can be selected. 

The 2-way selective switching system can be 
obtained in either one of 2 methods, or a combina¬ 
tion of both. The first method is to provide a 
central switchboard with lines radiating out to 
each individual station. The second is to provide 
more than one station on each line an<J to have 
these stations equipped with the selective calling 
devices mentioned previously. The advantages of 
this system are similar to those outlined in the 2-way 
fixed layout system, but the former has the added 
• advantage that more than one conversation at a 
time can be carried on between stations in the net¬ 
work. 

Many of the police teletypewriter systems combine 
the one-way and the 2-way features. The first 
statewide police system to be installed is operated 
by the state police of Pennsylvania and is of this 
type. Among other systems of this type is the one 
in New York City. Of this, the teletypewriter 
room iat general* police headquarters is shown in 
Fig. 6. The switchboard, which has direct lines to 
33 precinct stations in Manhattan and to 4 others in 
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borough headquarters, may be seen in the back¬ 
ground. 

Exchange Service « 

^When in November 1931 the telephone company 
offered teletypewriter exchange sesvice to the public, 
.the police departments of the country were among 
the first to avail themselves of this type of service. 
The exchange service provides switchboards and 
trunk line facilities for interconnecting teletype¬ 
writer stations at any place in the country. The 
police department subscribing to this service is 
provided with a teletypewriter machine with which 
# it may call a teletypewriter exchange operator and 
obtain a connection with any other exchange tele¬ 
typewriter station, whether this station is in the 
same city or in a distant city. This newsservice 
provides a nationwide system for interconnecting 
the various police departments in the country with 
the same type of record communication which has 
been so useful in the private wire systems. 


The Effects of 
Artificial Habits 

* 

Views from a medical college dealing with 
the effects of engineering progress upon 
human life add another independent voice 
to the general discussion of benefits. 
This is the twelfth article in the En¬ 
gineering Foundation's symposium, "Has 
Man Benefited by Engineering Progress'?" 


A n a /“LICki Professor of Biophysics, University of 
• bAtntM Illinois, College of Medicine, Chicago 


By BUILDING tents and huts, by 
covering the body with fur and cloth, primitive 
man was able to leave the cave, to expand into the 
open plain, and to survive in a colder climate; then 
protection against rain, cold, and storm was rendered 
complete with the invention of glass, which brought 
. with it a new factor—comfort. All of these measures, 
first protective, then comfort producing, formed 
a continuous evolution which led to an artificial 
change of environment: From the. straw apron to 
the modem apparel, from the primitive hut to the 
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modern apartment house—an evolution which, when 
expressed biologically and physically, meant but a 
retreat from light into darkness and from venti- 

* lated atmosphere to stagnant air. Prejudices of 
fashion and custom have but served to fix the -re¬ 
sults of these developments and to render irre¬ 
versible this crime against nature, this exclusion 
of natural stimuli to the skin. The penalty for this 
transgression is being paid. 

r 

Light Starvation Favors Disease 

Lack of ultraviolet rays, unless replaced by a 
high vitamin D diet, leads to rickets, ^etany, and 
other ills, and predisposes strongly to infections* 
particularly pneumonia. Light starvation favors 
certain skin diseases, either directly from lack of 
stimufation or indirectly by breakdown of the 
vegetative nervous system and the absence of its 
coordinative action on the various powers of the 
body. ^ 

One "important function of the skin is heat regu¬ 
lation. Heat must be conserved as much as pos¬ 
sible in a cool environment, and strongly dissipated 
in "a warm atmosphere. A complicated mechanism 
serves this purpose: Various stimuli from the skin 
and from the heat center of the brain affect the in-, 
temal secretion, the blood chemistry, the blood 
capillaries of the skin and the sweat glands in such 
fashion that adaptation to the environment takes 
place. (.Operation of this mechanism represents a 
healthful physiological and psychological exercise 
.for the body: It necessitates chemical and physi- 

• cal work; it requires a coordination of the efforts 
of the whole autonomic apparatus, which includes 
the nervous systems, the endocrines and the blood 
vascular system. The perfect working of this whole 
mechanism determines to a large extent a healthy 

" constitution. By living in closed rooms and by 
dressing in heavy and tightly fitting garments, we 
have allowed this mechanism to cease functioning 
and its branches to degenerate. The result is that we 
cannot withstand even small variations of tempera¬ 
ture, usually reacting with a cold to even the most 
moderate exposure. It is the fear of such exposure 
together with the dictates of fashion that have led 
the stronger sex so to overdress that their bodies 
constantly move in a tropical climate. 

Fashion and Science Conflict 

Fashion and science now have reached Hie point 
where a break may occur unless fashion gives way. 
It should not be difficult to design a garment with¬ 
out a narrow collar and a tight belt, so that air 
ventilation is permitted. Disposing of vest and 
coat should not carry the stigma Of social misde¬ 
meanor, but should be permitted as a means to allow 
the body to cool off, to admit some light and to in¬ 
crease its vitality. So long as our mode of dressing 
is not improved, I see no advantage in the use of 
windows made transparent to ultraviolet rays or 
in the use of ultraviolet lamps. 

The great development, in recent times, of jthe 
building industry, oi transportation, and of com¬ 


munication, with the resulting concentration of 
individuals within cities, schools, churches, theaters, 
trains, and street cars, has but served to* strengthen 
the gregarious habit of man; this in itself has been 
shown by statistics to be the prime cause of the. 
prevalence of infectious and contagious diseases. 

It is these very diseases which the medical man, 
the sanitary engineer, and the health director find 
so difficult to combat. That these effects are being 
realized is evidenced by the efforts of theater owners 
toward ventilation and temperature regulation of 
*their theaters, and by the increased tendencies of 
the people to abandon the narrow confines of the 
city for the more open territory of the suburb. 
These tendencies have been abetted by the privacy 
and quickness of the automobile and by the comfort 
of the radio, together with co ming television. 

The invention of the machine, followed by its 
constant modification, and improvement to meet 
the various needs of today, has increased a hundred 
fold the means for comfort and lessened human 
labor, and has been heralded as a welcome means * 
to lighten the burden of man. But now the pendu¬ 
lum having swung in the prophesied direction, we 
have gone from Hie frying pan into the fire; from 
the dilemma of too much work we have entered into 
the morass of idleness. The poliHcian of today has 
failed to find a remedy for this situation, so let us 
turn to the views of the biologist. 

Views of a Biologist 

In his book, “Studies on Human Biology,” Pearl 
devotes one chapter to the influence of physical ac¬ 
tivity upon mortality. He bases his deducHons on 
English statisHcs on the mortality of occupied males 
more than 15 yr. of age. He divides the 132 occu¬ 
pations into infloor and outdoor work and each of 
these into 5 groups of increasing activities, from 
light to hard work. After discussing and elimi¬ 
nating most of the possible sources of error he comes 
to the following conclusions: 

1. Light, medium, and heavy work cause no difference of the death 
rate between the ages of 15 and about 45 yr. From 45 yr. on, how¬ 
ever, hard work increases the death rate, with a strongly increasing 
ratio for the higher ages. This makes it evident that "before age 40 
is attained, it makes no difference in the rate of mortality, whether 
the occupation involves light or heavy physical labor; After about 
age 45 it appears that a man shortens his life by definite amounts in 
proportion as he performs physically heavy labor.” 

2. Mortality is distinctly lower for outdoor than for indoor workers. 
This indicates the superior healthfulness of outdoor life. 

I should like to add a few generally accepted 
premises upon which to base a few suggesHons of 
an important social bearing : . 

1. Work is healthful, mentally and physically, for men and women 
between 17 and about 45 yr. 

2. Many, modem professions require too much sedentary life and 
need outdoor recreation for compensation. 

3. Most professions are monotonous; therefore their dulling effects 

upon the mind should be overcome by recreation that provides men¬ 
tal exercise. • V;.;., 

Better Regulation of Work Needed 

Assuming the correctness of these premises one 
easily recognizes that, because of leaving work and 
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idleness distributed at random, the present system 
of unrestricted labor and unrestricted unemploy¬ 
ment is the?'incorrect answer to this problem. The 
only logical measure is to regulate work so much 
that every man or woman from *17 or 18 up to 45 
or 50 yr. old can be provided with work. A 5-day 
week and a 6-hr. day would suffice for the needs 
of most countries. The rest of the time can be 
devoted, to healthful recreation. This regulation 
should be revised periodically according to variations 
caused by seasons and business cycles* The sick 
and the old should be protected from destitution by ' 
compulsory invalid insurance and old age pensions, 


or else given a chance to accumulate enough capital 
to meet such contingencies. 

I am convinced that in the adoption of such a 
scheme lies the opportunity to eliminate the dis¬ 
advantages of mechanization, and to utilize its 
benefits in such a fashion as to enable us to live 
agreeable, healthy lives in greater cbnformance with 
the rules of nature*and the teachings of modem 
medicine. It is to be hoped that the present de¬ 
pression will serve as an impetus to 9 give it a trial. 

Editor’s Note: Pursuant to the invitation of the Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining to 
this or other articles published in this series. 



Analysis of 

Equivalent Circuits 

* 

Analysis of various circuit problems may be 
facilitated by the substitution of equivalent 
circuits which reduce the complexity and 
* permit the replacing of magnetic coupling 
with simple impedance links so that the . 
calculating board may be used for solution. 

In this article/ general methods pf solving 
the transformer, network/ and zero phase 
sequence problems are presented along 
with useful diagrams and equations for 
particular cases. 

By 

F. M. STARR General Elec. Co., 

ASSOCIATE A.I.E.E. Schenectady, N. Y. 


2. The use of the equivalent circuit speeds up ajid systematizes 
calculation, in some cases reducing the amount of calculation. 

3. The equivalent circuit aids in visualizing the problem. 

4. Since the equivalent circuit is made up of simple impedance 
links, it may be set up readily on the calculating board, thereby 
lending itself to the solution of complicated networks. 

, Three closely related types of problems present 
themselves; namely, the transformer problem, the 
network problem, and the zero phase sequence system 
problem. This latter arises primarily through the 
difficulty experienced in adequately representing on 
the calculating board, groups of parallel transmission 
lines in which zero phase sequence currents are flow¬ 
ing. To represent such a group it is desirable to re¬ 
place it with an equivalent circuit in which mutual 
impedances between the lines are simulated by.simple 
impedance links. The method of determining such 
an equivalent circuit is presented in this article fol¬ 
lowing a discussion of the first two types of problems. 

The two generalized equivalents discussed under 
the first two problems are quite broad and should find 
many applications other than those cited. Only 
linear circuits and networks are dealt with, however, 
and in general the circuits developed are equivalent 
only at a single frequency, although certain one^such 
as in Figs. 7, 8, and 10 to 13, are equivalent at all 
frequencies. 


• The Transformer Problem 

E In practise, the multi-circuit problem, that is, the 

QUIVALENT circuits are used in problem of a number of circuits each having a self- 
the analysis of certain circuit problems. The method impedance and a mutual impedance with every other 
consists of replacing the magnetic or electrical system circuit, frequently presents itself. It is usually de- 
to be analyzed with a simplified equivalent linkage of s ir e d to determine the current in each branch, having 
simple impedance links which satisfies the same ter- given the voltage impressed across each circuit. If 
minal conditions. In general, any problem which the calculating board is to be used in the solution of 
can be analyzed with an equivalent circuit can be such problems, the system of coupled circuits must be 
analyzed without it. However, the equivalent cir- replaced by an equivalent linkage, since magnetic 
cuit may be useful for any or all of the following coupling of adequate flexibility usually cannot be 
reasons: simulated on the calculating board. 

1< Since the equivalent circuit represents only terminal conditions, * Equivalent circuits for the relatively simple Case of 
it is frequently simpler than the actual machine or circuit. the tWO-winding transformer are Shown in Fig. 1. In 

—— ———— ——— — - — — the conventional equivalent circuit of Fig. 1(5) all 

Based upon ‘‘Equivalent Circuits—I” (No. 32-21) presented at the A.I.E.Q. ■«:. jn -..h.n-n A/Mumnn 

winter convention, New York, n. y., jan. 25 - 29 , 1932 . impedances must be expressed on^a common voltage 
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base since the same current flows in each. If a is the 
ratio of primary to secondary turns, then the values 
of Z\ and Z 2 referred to the primary are, in terms of 
the magnetizing and mutual impedances (called the 
characteristic A coefficients): ^ 

Z\ — An — A 12 a ^ (1) 

Z% = A 22& 2 — A 12 & * (Z) 

Similar circuity have been developed for the three- 
winding transformer and the double-winding genera¬ 
tor, the value of this type of circuit being discussed in 
“Theory of Three-Circuit Transformers,” by A. 
Boyajian, A.I.E.E. Trans., v. 43, 1924, p. 508-29. 
In the same paper the general equations for setting up 
a similar type of circuit for the n- winding transformer 
are written. The equivalent circuit of Fig. 1(c) 
while still not strictly correct, represents more nearly 


ing two points of entry of two different windings, say 
points j and k f of windings j and k, is equal to the 
transfer impedance between points j and k'. These 
link impedances may be measured directly or calcu¬ 
lated from known transformer constants, the A 
coefficients. 

The general equivalent circuit for the two-winding 
transformer is shown in Fig. 1(d) and is seen to con¬ 
sist of a six-link mesh, the values of which are 
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Equations defining the links for the equivalent 
mesh to represent the ^-winding transformer shown 
in Fig. 2 have been derived and are as follows: 
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(c) Fig. 1 . Various equivalent 
circuits for the two-winding 
transformer 

(a) The two-winding transformer, in which An is the primary 
self-impedance or magnetizing impedance, Am is the secondary 
impedance, and Am is the mutual impedance between the 

windings 

(b) Conventional equivalent circuits used for calculating 
regulation, magnetizing current being neglected. This circuit 
gives no voltage transformation. Zi is primary leakage im¬ 
pedance (resistance plus leakage reactance), Z* is secondary 
leakage impedance, and Zl is load impedance, all expressed 

on a common voltage base 

(c) Equivalent circuit which gives voltage transformation and 
does not neglect magnetizing current. This circuit must be 
viewed from one winding only, since it falls down when 

viewed as a four point network 

(d) A rigorous equivalent for the two-winding transformer 
which cannot be distinguished from the actual transformer 

under any imposed terminal conditions 

(e) An equivalent equally as rigorous as that of the Fig. 1(d), 

, but much simpler 


the actual transformer. In this circuit the shprt- 
circuit impedance of the primary is 


where Bkk is the driving point admittance from point 

j, Bjk is title transfer admittance between points j and 

k, and Zjk is the impedance of the link connecting any 


Fig. 2. A system of n 
electrically isolated but 
magnetically coupled 
circuits 

Such a system may be re¬ 
placed by an equivalent 
mesh of «(2» — 1) links 
connecting each of the 2» 
points of entry in all possi¬ 
ble ways. For example of 
equivalent mesh when n =» 
2, see Fig. 1 (<2) 


two points of entry j and k. The values of these links 
for the general case may be calculated or measured 
directly at Ihe terminals of the transformer. The 
method of measuring transfer and driving-point im¬ 
pedances is well known. The B coefficients are 
defined by and may be calculated from the following 
determinantal relations: 
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A general equivalent circuit for the w-winding where 
transformer having 2 n points of entry has been 
derived. This circuit is a mesh composed of 
n(2n — 1) impedance links, one connecting each point 
of entry with every other point of entry. The im- _ 

pedance of the link connecting the two points of entry * 
of some winding j , i. e., points j and j, is the driving 
point impedance from point j; and the link connect- • 
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and Qa- jk is the cofactor of A jk in A n - A (i. e., the 
minor of Awith the fih column and &’th row 
deleted) the sign of which is (— iy +k . 

The equivalent circuit of Fig, \{e) is seen to be a 
combination mesh and star arrangement, and may be 
arrived at by simple reasoning from the mesh of Fig. 
1(d). Since the self-impedance of any winding is 
independent of the other windings, its value need not 
appear ifl any of the mutual links if it be lumped as a 
radial link at the terminals of the circuit. Thus, 
setting ^4 a and A 22 equal to zero in eqs. 4, 5, and 6, 
and inserting radial links having impedances equal to 
An and A 22 in terminals 1 and 2, respectively, one 
will obtain the circuit of Fig. 1(e). This latter cir¬ 
cuit is much more useful than that of Fig. 1(d) since 
the mutual links are purely reactive, the resistances 
appearing only in the terminal links. This arrange¬ 
ment avoids the possibility of negative resistance 
appearing in any link. In an entirely similar manner 
the mesh equivalent of any number of coupled cir¬ 
cuits may be simplified and rendered more useful by 
reducing to a combination star-mesh arrangement. 

The Network Problem 

In the study of the behavior of a large transmission 
and distribution system, the transmission lines and 
connected apparatus commonly are represented by an 
appropriate single-line diagram, all units of connected 
equipment being replaced with suitable impedance 
links. In most cases no trouble is experienced in 
mapping out the single-line diagram, at least none for 
the positive and negative phase sequence diagrams, 
since standard methods are available for doing this., 

. In setting up the single-line diagram on the calcu¬ 
lating board, for purposes of simplification it may be 
desirable to replace either the whole system or some 
section of it with an equivalent impedance mesh 
which has the same number of points of entry but a 
greatly reduced number of links. For example, Fig. 


with every other point of efttry. The equivalent 
mesh for a five-point network is shown in Fig. 4 
(note that m — 4 and that for purposes of analysis 
the m + 1 point is considered as a ground point). * 
T$ie values of the links of the equivalent mesh^ 
which is to replace the general network may be 
determined either by direct calculation from the net- 
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Fig. 5. (Right) 
Single-line dia¬ 
gram of a trans¬ 
mission system 



. Jy^M+i) 

Fig. 3. (Left) A general network, not simplified 

Fig, 4. (Right) Equivalent mesh for a networjc having 
five points of entry 

3 shows a complicated network of impedance links 
having (m -f- 1) points of entry. Such a netwprk* 
may be replaced with an equivalent mesli haying 

, Pfr 0 +V links, one connecting each point of entry 
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Fig. 6. (Left) 
Equivalent * circuit 
for the zero phase 
sequence diagram 
of the system 

shown in Fig. 5 for 
a ground fault at 
point P 


work constants or by measurements made at the 
terminals of the network. It may be shown that the 
impedance of the link connecting any two points of 
entry such as j and k is equal to tie transfer im¬ 
pedance between the points j and k, i. e., 

Zjl-Zj!, ( 11 ) 

The impedances of the links of the equivalent mesh 
may be calculated by determinants in terms of the 
through impedances of the network (by through im¬ 
pedance between any two points such as j and k is 
meant the impedance between these points with all 
other points open). 

It may be shown that 
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Figs. 7-13. From these diagrams, equiva¬ 
lent circuits may be obtained to repre¬ 
sent various groups of parallel trans¬ 
mission lines such as shown in Fig. 5 
% when the zero phase sequence diagram 
is to be set up on the calculating board 
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Fig. 7 

Ljnks. 

a «(Mu-Mu) 
b * 

C« 


. unns . 

and Qc-jk is the cofactor of Cjk in a«(M U .M B ) 

A TO _ e . The characteristic coeffi- c-iST*” 1 

cients of the above determinants *-—- 

in terms of tlie through impedances 
of the network are: 

Zjj = Zj-Q (14) 

Ckk ~ Zk-o (13) 

Cjk = + . Z *-» - ( 16 ) 

where js the through impedance from point j to 
groun'd, Zk -o is the through impedance from point k 
to ground, and is the through impedance be¬ 
tween points j and k. 

•These methods apply to any general network pro¬ 
vided the impedances are linear and provided there 
are no internal voltages. Note that although a netr 
work usually is composed of simple impedance links, 
the general network as it is considered here may in¬ 
volve magnetic coupling between any of its elements. 
In fact the general network mesh may be applied 
directly in obtaining the' equivalent mesh previously 
discussed for the ^-winding transformer, although the 
latter mesh is much simpler and more appropriate for 
the transformer problem than is the general network 
mesh.. 

Diagram of the Zero Phase Sequence System 

The zero phase sequence diagram of a system which 
involves parallel transmission lines does not lend itself 
so readily to a calculating board set up, owing,to the 
fact that when zero phase sequence currents are flow¬ 
ing in the parallel lines, the mutual magnetic coupling 
between them cannot be neglected; neither can it be 
represented adequately by the usual calculating 
board equipment. 

A typical example of a system involving groups of 
parallel lines is shown in Fig. 5, The analytical 
determination of the currents in every branch of this 
system due to a ground fault practically is impossible, 
but if each group of parallel lines is replaced with an 
equivalent linkage, the calculating board may be 
applied to obtain an exact solution, 

A group of circuits representing two, three, and 
four parallel lines under various conditions is shown 
in Figs. 7 to 13, inclusive. Since more than four 
parallel lines seldom exist for any great distance, 
equivalents for groups of more than four lines have 
not been derived; however, should a case arise in 
which more than four parallel lines do occur, appro¬ 
priate circuits readily may be developed. 

In regard to this special group of equivalents for 
parallel lines it should be noted that: 

1. The values of impedance links are short tisable expressions in 




Fig. 8 

Conditiona l All Mutual Impedances 
Independent. 

Links: 

a* (Mn-Mu- + Mu) 

b.M 22 -“n£3 

"•13 

C* {M53-M12- M23 + M13) 

■ (M23+Mrc)(M» -M 13 ) 

Mis 

fi* (M23+Mia)(Mi2~Mi») 

mTj 

f*(M23+M12) 



Fig. 9 

Conditions: All Mutual Impedances*Independent. 
Links! 

o-Mu-M a + ( Ma^U/MaMM-Ma M 34 ) 

(M 24 -M 34 ) a V M 14 M 24 -M 34 / 

j-.. .. . (Ms4*Mj4)(M|i-M,2) 
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Conditions : Mss 

Links: 
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Fig. 13 

Conditions : Mu.M m. Mi4.M24.M34 
Links: 

a-(Mii- M12) d"(M44-Mi4) 

■(M22-M12) 0>(Ml2-Mi3) 

C.(M33-Mi3) f.(Mi3-Mj4) 

g.Mis 


terms of the self-impedances and mutual impedances of the lines, 
which are constants usually known. 

2. Negative impedance lin ks usually may be avoided in the appli¬ 
cation of these circuits (the circuits of Fig. 9 being excepted) thereby 
permitting the use of the d-c. calculating board where resistance 
may be neglected. 

3. The sSlf-infoedance of each line appears only in the r adial link 
at the terminal, the mutual links being purely reactive. This 
arrangement insures that negative resistance will always be avoided.' 

To illustrate the utility of these special circuits, the 
system of Fig. 5 is shown in an equivalent form in 
Fig, 6. Here each group of parallel lines is replaced 
with an appropriate equivalent. Note that the links 
of these equivalent circuits are all expressed in terms 
of the self-impedances and mutual impedances of the 
lines, Mjj being the self-impedance of line / and M jk 
being the mutual impedance between lines j and k. 
These coefficients are usually known, and if' not, they 
may be readily measured or calculated. The set-up 
’ of Fig. 6 may be placed upon the calculating board 


tion of ground-fault currents for various fault loca¬ 
tions, as, for example, at some point P, or on any bus. 
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Concentration of 
Heating Currents 

* 

The proximity effect usually considered 
as undesirable and wasteful, may be used 
to concentrate heating currents in pre¬ 
determined strips of conducting bodies. 

Both the current density and shape of 
the strip may be so controlled as to make 
this method valuable in a number of 
heating processes. 

By 

EDWARD BENNETT University of 

FELLOW A.I.E.E. Wisconsin, Madison 


E - 

LECTRIC heating currents fre¬ 
quently are used in industrial operations such as 
welding, forming, and hardening. Where it is de¬ 
sired that the heating be confined to predetermined 
strips of the conducting bodies, the ‘‘proximity” 
effect may be utilized to control the path of the 
heating current. 

The “proximity” effect, as it is called, is the* re¬ 
distribution of the current densities over the cross- 
section of conductors which occurs when 2 conductors 
at first remote from each other are brought into close 
proximity. Currents flowing in opposite directions 
in two such conductors cause the current density 
in the closely adjacent filaments of the conductors 
to be higher than in the more remotely separated 
filaments. The less the separation of the conductors 
and the higher the frequency, the greater will be 
the variation of the current density. This effect 
may be magnified to serve a very useful purpose in 
many industrial heating operations. 

Bibliographies of the literature dealing with the 
distribution of current densities over the cross- 
section of conductors will be found at the end of the 
following papers: “Experimental Researches on 
Skin Effect in Conductors,” A. E. Kennelly, F. A. 
Jbaws, P. H. Pierce> A.I.E.E. Trans., v. 34, 1915, 
*p. 1953-2018; and “Bessel Functions for Alternat¬ 
ing Current Problems,” H. B. Dwight, A.I.E.E. 
Trans., v. 48,1929, p. 820. The second bibliography 
contains references to papers appearing since the 
preparation of the first. 

The confining of the heating currents to predeter¬ 
mined strips is accomplished by using currents of a 
frequency in the range known as the audio range, 
and by tie electrical connections and space arrange- 

Based upon "The Proximity Effect, Its Application to the Concentration of 
Heating Currents in Predetermined Strips" (No. 32-54) presented at the 
: A.I.B.B. Great Lakes District meeting, Milviraukee, Wis., March 14-16,1932. 

r ::; : August 1932 '• ;' ,V ,%'■ 


ments illustrated in Figs. 1 to 6. An examination 
of these arrangements will show that they may be 
grouped under the following classifications: 

• 

1. Current conductively conveyed to the body to be heated. 

■fa. The shapes and the connections of the heated bodies alone 
* determine the strips in which the current concentrates. 

See Figs. 1, 2, and 3. * 

b. An auxiliary water-cooled conductor is used to determine the 
• strips of concentration. See Figs. 4 and 5. 

2. The current is induced in the strip to be heated. A tubular 
water-cooled inducing coil lies in close proximity to the strip and 
there is no conductive connection with the body to be heated. See 
Fig. 6. 

• 

In each diagram, the transformer symbol repre¬ 
sents the source of audio frequency current. The 
arrows represent the directions of the currents at a 
given instant of time. For the sake of clearness it 
has been necessary to draw the parts with consider¬ 
able distance between the adjacent edges; but"in the 
actual equipment, this gap is of the order of a few 
millimeters or centimeters, depending upon the 
thickness of the edges. The heating currents may 
be confined to layers ranging in depth fronl a few 
millimeters to several centimeters. 

The first sight of the red-hot strip of steel conform¬ 
ing to the sinuosities of the water-cooled copper tube 
mounted above the steel plate illustrated in Fig. 5 
. is found to be somewhat startling even to engineers 
who have witnessed the heating effects obtained 
with the arrangements Shown in Figs. 1, 2, and 3. 

In all of the arrangements illustrated in these 
figures, the control over the pattern according to 
which the current densities are to decrease from the 
center line to the edges of the selected strip and from , 
the surface of the strip to the interior of the body is 
had by the joint adaptation of 3 things; namely, 
the frequency of alternation of the heating currents, 



Fig. 1. Connections for heating edges of plates 
Fig. 2. Connections for heating an edge and a strip 
Fig. 3. Connections for heating ends of pipes 
Tigs. 4 and 5. Connections for an auxiliary conduc¬ 
tor which determines the path of«the heating current 
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Fig. 6. Strip heating by ah inducing coil 


Table I—Values of the Penetration Unit 


Material 
Temp. °C. 

Relative 

Rests- Permea- 

tivity bility 

Fre¬ 

quency 

Conductivity 

mho-cm. 

P. unit 
cm. 

• 

Copper 20... 

1 

_ 1... 

.. .960... 

..580,000.. . 

. 0.214 

Steel . 20... 

11 

....100... 

...960... 

. . 52,'700.... 

. 0.070 

Steel 800... 

04 .. 

_ 1. 

...960... 

8,240_ 

. 2.06 

Steel 1,300... 

.. 100 

_ 1_ 

...960... 

. . 5^800... 

. 2.14 

Barth. 

. . 5.8 X 10».. 

.... 1.... 

... 80.... 

.. icr*. 

.65,000 


* 


r 


Fig. 7. Cur¬ 
rent densities 
at the surface 
of a slab for 
different 
mounting 
heights 


Current densities 
are expressed in 
amperes per 
sq. penetration 
unit per ampere 
of heating cur¬ 
rent flowing in 
the auxiliary 
conductor. The 
distances x and 
h are expressed 
in penetration- 
units 



the distance from the surface of the strip to the 
second conductor, and the width and cross-sectional 
shape of this second conductor. A high-frequency, 
a short distance between the surface of the strip to 
be heated and the second conductor, and a narrow 
second conductor lead to the concentration of the r 
heating current in a narrow strip. 

In dealing with the distribution of alternating 
currents over the cross-section of conducting bodies, 
it is v€ry helpful to express all linear dimensions, 
not in centimeters but in terms of a unit of length 
* appropriate to this problem. This unit of length 
may be called the “penetration unit” for the material 
at the frequency in question. The advantage of 
using this unit is that it makes possible the represen¬ 
tation, by a few curves, of the distribution of the 
current for a wide range of conducting materials, 
spadngs, and frequencies. 

The length of, the penetration unit is, 


can be caused to concentrate in narrow Strips by 
enhancing the proximity effect, the current densities 
have been worked out and plotted for the arrange¬ 
ment illustrated in Fig. 5, except that the auxiliary 
conductor has no sinuosities but is in the form of a 
long straight wire mounted over a wide conducting 
slab of a thickness 5 or more times the penetration 
unit of the material at the operating frequency. 
The radius of the auxiliary conductor has been 
assumed to be very small in comparison with" its 
mounting height, h, say 5 per cent or less. 

The current density C at any point A in the slab 
may be computed from the following Fourier integral. 


„ i2If 1 

c = ~J vv + 2j + bn , cos xi **p<- w - y 


1 P unit (penetration unit) (in cm.) = 
wher^, 


1 


VW M 7 


( 1 ) where 


Vb 2 -f- 2 j)db 


( 2 ) 


/ represents the frequency 

7 represents the conductivity of the conductor in mho-cm. 

M represents the permeability of the conductor in weber ampere- 
turn cm. units, (/t — 4 r 10~® for non-magnetic materials.) 

The values of the penetration unit for different 
materials and frequencies are as shown in Table I. 

In order that a physical significance may attach to 
the penetration unit as defined in eq. 1, the follow¬ 
ing statements may be noted. The effective resis¬ 
tance to an alternating current of frequency / 
of a conductor of circular cross-section, the radius 
of Which is 5 or more times the penetration unit of 
the material at the frequency /, is approximately 
equal to the ordinary ohmic resistance of a surface 
layer of the conductor having a depth equal to the 
penetration unit. Again, at a depth of 1 penetra¬ 
tion unit below the surface of such a large conductor, 
the current , density is approximately 36.8 per cent 
of the density at the surface, and it lags by 1 radian 
behind the current density at the stuff ace. • 

To illustrate the extent to which heating currents 


C represents the current density at A in amperes per sq. Pen. unit 

b represents the variable of the integrand. It disappears from the 
integral upon substituting the two limits 0 and ® 

I represents the value of the heating current in amperes 

h represents the height of the auxiliary conductor above the surface 

y represents theMepth of the point A below the surface 

x represents the x coordinate of the point A, as shown in Fig. 7 

Hr represents the relative permeability of the conducting slab 

j represents V— 1' 

exp ( —Kb) represents the exponential series in (— kb ). (The values, 
of x, y, and A are to be expressed in P units.) 

Eq. *2 is valid for materials and frequencies in 
which the conduction current density is 100 or -more 
times as grefit as the displacement (charging) current 
density. For copper at a frequency of 1,000 cycles 
per sec., the conduction current density is 10 16 times 
the displacement current density. 

• If the slab is of non-magnetic material, or of ferro¬ 
magnetic, material at. temperatures above the point 
at; which the material becomes non-magnetic, av has 
the value unity, and eq. 2 reduces to the following 
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form which is equivalent to that given by J. R. 
Carson in “Wave Propagation in Overhead Wires 
With Ground Return,” Bell System Tech . Jl., Oct. 
1926, p. 639-54. 




+ 2 j — b] cos xb exp 


(- hb - y V& 2 + 2 j) db 


(3) 


For mounting heights for the auxiliary conductor in 
which h is greater than 20 penetration units, eq. 3 
for non-magnetic materials evaluates to the simple 
form 


m 1 ±J h 

r h 2 + x 2 


(exp — y) (cos y — j sin y) 1 (4) 


An examination of Table I will show that the value of 
the penetration unit for steel at a frequency of 960 
cycles per sec. lies between 0.07 cm. for steel with an 
assumed relative permeability of 100 and 2.14 cm. 
for steel at a temperature of 1,300 deg. cent. For an 
auxiliary conductor mounted at a height of 1 cm. 
above the conducting slab, the important range of 
rpounting heights for this steel would lie between 
h - 0.5 and h = 20 penetration units. 

In Fig. 7 are contained curves, each worked out 
for a different mounting height of the auxiliary con¬ 
ductor, which show the manner in which the cur¬ 
rent density at the surface of the slab falls off on 
each side of the center line of the heated strip. All 
the curves have been plotted for material in the non¬ 
magnetic state save the curve marked n T — 100, 
in which the relative permeability has been taken 
to be 100. The effect of the permeability of ±he 
steel in confining the current to a thinner surface 
layer of the steel and thereby causing a wider spread 
of the current is to be noted. * 

A mounting height of one penetration unit means 
that the height of the auxiliary conductor above the 
slab would be about 2 cm. for a steel slab with a strip 
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F i g. 8. Current 
densities for a 
mounting height of 
one penetration unit 

The „currefit densities 
are given in per cent of 
the current density di¬ 
rectly below the wire. 
x, y, and h are in 
penetration units 


at its welding temperature and a 960 cycle heating 
current. For this important case, Figs. 8 and 9 
show the distribution of current densities at the 
surface and at points in planes located at depths* of 
1 and 2 penetration units below the surface. These 
figures also show the phase of the current density 
at these points, relative to the plflase of the total 
heating current. The current density along the 
center lip£ of the strip is seen to be 60 deg. in advance 
of the total current. At points in £>lanes 1 and 2 
penetration units beneath the surface, the current 
density lags substantially 1 and 2 radians behind 
the current density at corresponding points on the 
surface, and has decreased to roughly (l/e)th and 
(1/e) 2 of its value at the surface. In the surface 
at a distance of 2 penetration units from the center 
line of the strip, the current density is seen w to be 
40 per cent of the value on the center line, and thus 
the power expenditure per unit volume is only 16 
per cent as great as along the center fine. 

The relative effect of close proximity of the # auxili- 
ary conductor and of a high frequency of alternation 
in contributing toward the concentration of the 
heating currents in narrow strips is brought out more 
clearly by plotting the current densities at the surface 
against the ratio of the distance x of the filament 
•to the mounting height h of the auxiliary conductor, 
as in Fig. 10. 

Economic and Practical Features 

« • 

A number of important questions of an economic 
and practical nature remain to be solved before the . 


Fig. 9. Current den¬ 
sities and phase angles 
for a mounting height 
of one penetration unit 

The current densities are 
given in per cent of the 
current density directly be¬ 
low the wire, x, y, and 
h are in penetration units. 
The phase angles are the 
angles by which the cur¬ 
rent density leads . the 
heating current 
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DISTANCE X 
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IN R UNITS 


Fig. id. (Right) Current densi¬ 
ties at the surface of a slab 

For each height of wire, the current 
densities are expressed in per cent of 
the current density existing immedi¬ 
ately under the wire at that height 
The distance h is expressed in bene- 
tration units 
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practise of selective heating, by means of the prox¬ 
imity effect, can be established as a shop process. 
The experiments upon which this article is based 
haVe been limited to the experience to be had with a 
condenser mercury-spark-gap source of high fre¬ 
quency currents having a rating of 35 kw. 

The most economical range of frequencies for use 
in the process remains to be r determined. Many 
factors which vary from operation to operation, such 
as the kind anil size of material to be heated, the 
nature of the desired temperature pattern, and the 
relative cost of generating energy at the different 
frequencies will serve to dete rmin e the range of 
frequencies which will be the most ^economical. 
Present experience would indicate that the economie 


frequencies may be expected to center upon 960 
cycles per sec. 

Unquestionably the control of the distribution of 
heating currents which is made possible by the appli¬ 
cation of the proximity effect opens up a new r ang e 
of industrial heating effects. It is possible to raise 
the ^ temperature of a predetermined strip a few 
millimeters deep in a conducting plate to reach a 
welding temperature, while portions of the plate a 
few centimeters away may be substantially at room 
r temperature. On the other hand, more gradual 
changes in temperature also may be secured if de¬ 
sired. A hitherto unattainable nicety of control 
of the distribution of temperatures in bodies is made 
available by the application of the proximity effect. 


Conductor Vibration 0 „ 

Transmission Lines—II 

$ 

Field tests substantiate the results of. theo¬ 
retical and laboratory investigations of 
conductor vibration on electric power 
transmission lines treated in an article ap¬ 
pearing in the July issue of ELECTRICAL 
ENGINEERING. Among other impor¬ 
tant findings it is shown that adequate 
practical protection against damage from 
conductor vibration can be provided by 
the proper 'use of armor rods or dampers. 



Fig. 8. Observation structures for field tests, Royse 
City (Tex.) experiment station 


R. A. MONROE R. L. TEMPLIN 

ASSOCIATE A.I.E.E. NON-MEMBER 

Both of the Aluminum Company of America, Pittsburgh, Pa. 


r IELD OBSERVATIONS'of conduc¬ 
tor vibration on operating power lines in various 
parts of the country have been coordinated with 
laboratory research. Early in 1930 it was decided 
to establish a field laboratory equipped for accurate 
study; accordingly a station was established near 
Royse City, Texas, about 35 miles east of Dallas. 
Chief among the considerations which led to the 
selection of this site were the flat unobstructed topog¬ 
raphy and the remarkably steady wind conditions. 
A vacant position on an existing steel tower line Was 

Essentially full text of the last portion of a paper, "Vibration of Overhead 

“ “ ,rn:EE - 


made available for experimental work by the Texas 
Power and Light Company and additional spans 
were erected on wood H-frames at nearly a right 
angle to the existing line. This site has proved to 
be excellent, for hardly a day has passed without 
vigorous vibration being recorded on at least 1 of the 
2 test lines. • — 

In addition to the field studies at Royse City, 
observations have been conducted on operating 
lines as follows: 

■ The Public Service Electric and Gas Company of New Jersey 
220-kv. Roseland-Bushkill line; 795,000-cir. mil A.C.S.R. conductor 
and 203,000-cir. mil A.C.S.R. ground.wire. 

2. The- Pennsylvania Power and Light Company 220-kv. 
Plymouth Meeting-Siegfried line; 184,000-cir. mil ground wire. 

§•.. Idahcf Power Company 132-kv. Caldwell-Ontario line; 
4/0-A.C.S.R. conductor. 

Engineers of the New England Power Company 
have observed that under certain conditions a 
charged conductor tends to vibrate, presumably 
from the effect of corona. While allied to the general 
problem of conductor vibratiofi the occurrence of 
vibration of this sort is probably rare. The Pacific 

Electrical Engineering 






Gas and Electric Company has made field observa¬ 
tions of conductor vibration, and also laboratory 
experiment^ on vibration dampers. Space limita¬ 
tions, however, prevent including more than refer¬ 
ence to the experimental work of these and other 
companies. 


by a cord and spring. In addition to the foregoing, 
a thermograph was used to record temperature, and 
provision was made for observing sag and tension in 
the conductors. 

ft ' 

Theoretical Characteristics of Vibration 


Arrangement of Test Equipment 
•» 

At Royse City two test lines are available at an 
angle of 74 deg. thus insuring one line being favorably, 
exposed for vibration regardless of wind direction; 
span lengths are 650 and 1,225 ft. on the steel towers, 
and 416 and 1,226 ft. on the H-frames. The ground 
wire on the steel towers is 8 / 8 -in. diameter 7-strand 
steel, while the conductors of the 132-kv. circuit on 
the towers are 4/0 A.C.S.R. (aluminum cable steel 
reinforced) equipped with armor rods. Other sizes 
and special types of conductors have been installed 
and observed for short periods. Conductor tensions 
are adjustable at the anchorages. General arrange¬ 
ment of the observation towers, which extend 12 ft. 
out under the conductors, may be seen in Fig. 8. 

A satisfactory instrument for obtaining 24-hour 
Vibration records was made by using an 8-inch 
diameter wax-coated, clock-driven chart on which 
the vertical motion of the conductor was recorded by 
a stylus attached to a pivoted arm. (See Fig. 9.) 
For small conductors the inertia and friction of the 
pivoted arm damped the vibration considerably; 
therefore a very light stylus attached directly to the 
cable was substituted. This latter arrangement, 
however, is satisfactory only if longitudinal motion 
of the conductor is restrained. 

A continuous record of wind direction and velocity 
was obtained by an anemometer which records 
electrically the passage of each mile oi wind on a strip 
chart, and a weather vane with a cam-actuated pen 
which records direction simultaneously on the same 
chart. The velocity for short periods was deter¬ 
mined with a stop-watch and buzzer which indicates 
Veo of a mile. 

The frequency recorder consists of a uniform-speed 
motor-driven strip chart on which a trace of the 
vibration is recorded by a pencil connected to the line 



Fig.. 9. Conductor vibration recorder 

■ Augu st 1932 ' • 


* In Fig. 10 is given a graphical solution of eq. 1 
(“Conductor Vibration on Transmission Lines—I,” 
Electrical Engineering, July 1$32, p. 482-7). 
This shows the theoretical relations between fre- 
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Fig. 10. Relation between weight, tension, loop 
length, and frequency of a vibrating cable 

quency, loop length, tension, and weight of a vi¬ 
brating cable for common conductor sizes and ten¬ 
sions. A formula expressing theoretical frequency 
of vibration developed experimentally by Relf and 
Ower (“The Singing of Circular and Stream Line 
Wires,” Aeronautical Research Committee Report 
No. 825, March 1921) is as follows: 


f = k T (14) 

* > 

where 

V » velocity of wind in mi. per hr. 

D «= outside diameter of the cable in in. 

k - a function of ( VD/e ) where e depends upon the medium, 
e being 0,000159 for air. For ordinary sizes of conductor k is 
a constant having a value of 3.26 

A graphic solution of eq. 14 is given by Fig. 11. 
This formula applies to a uniform wind velocity 
normal to the axis of the wire. Such ideal wind 
conditions rarely if ever exist over a transmission 
span, for both velocity and direction have been found 
to vary widely even in short spans. (“Measurement 
of Wind Pressures pn Overhead Lines,” R. H. 
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Tabic III—Vibration Data Pertaining to Records Shown in Fig. 12 


Conductor 


Record 
«■' No. 


Cir, Mils 
or B&S Gage 


Diameter 
in In. 


Span 

Length, Ft. 


.705,000.1.093_1,125. 

.795,000.1.093. 1,125. 

.397,500 . 0.806 650. 

.397,500 . 0.806 650. 


No. 2.0.316. 

No. 2.0.316. 


.0.563. 1,226. 


in LIT 


Observed Vibration 


Velocity 
Mi. per Hr. 


r 

Loop Amplitude 
Length, Ft. in 32nds In. 


18 .. 

•«••••68•••• 

.... 7V*. 

• ••»18,,•i•• •,,, 

5»/».. 

.90_ 

....15 . 


8»/4.. 

. 90.... 

_7 . 

.... 5 

5 1 /*.. 


.... 7V*. 


10 .. 

.70.... 

.... 6 . 


5 .. 

.60_ 

.... 37*..... 


8 •.. 

.60. 

.... 27*. 

.... 2. 


Frequency 
Cycles 
per Sec. 


.12 . 

.43. 

.21 . 

.34. 

.32. 

.51. 

.60. 

.75 


Calculated 
Frequency 
Cycles 
per Sec. 


. 11 

.35 

.. ..16 

_33 

.37 

-47 

....61 

....85 
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Fig. 12. Vibration records for four sizes of A.C.S.R.; 
see Table III 


Fig." 11. Graphical solution of Relf and Ower 
formula for wind eddy frequency of circular cables 

Sherlock, N.E.L.A. Bulletin , Jan. 1931, p. 29.) 
(“Characteristics of Wind Gusts,” R. H. Sherlock 
and M. B. Stout, N.E.L.A. Bulletin , Jan. 1932, p. 20.) 
Velocity varies with elevation, and in a long span the 
height of conductor is not constant; direction shif ts 
rapidly as indicated by any weather vane. The 
normal component of velocity probably should be 
used in computing frequency when direction of the 
wind is oblique. This assumption seems to be in 
error for small acute angles. A cable has consider¬ 
able inertia and when once vibrating in any particu¬ 
lar mode will not change frequency quickly with 
slight changes in wind direction or velocity. For 
these reasons the observed frequency sometimes 
differs greatly from the theoretical, but with steady 
wind and obliquity not under 45 deg. the agreement 
usually is close. 

Field Records of Vibration 

Numerous* records of frequency and amplitude for 
conductors of various sizes have been obtained. 
Fig. 12 shows characteristic vibration records for 
each of four sizes of A.C.S.R. with pertinent data 
given in Table III. Agreement between observed 
and calculated frequencies is fairly close. These 


records all show recurring beats, possibly caused by 
variations of \yind velocity; with span length and 
frequency known, the time between recurrences of 
any particular beat determines velocity of wave 
propagation, tension, and theoretical loop length. 

Observation proves the statement that cables of 
any material will vibrate when conditions are favor¬ 
able. One of the earliest instances of damage from 
vibration was recorded over 20 years ago on the 
Carquinez Straights Crossing of the Pacific Gas and 
Electric Company. A few years after installation 
breakage of strands was discovered in the heavy 
plough-steel conductors. It is interesting to note 
that the use of parallel reinforcing or stiffening 
cables extending some distance out from the support, 
which was developed here, have been used since on 
many long river crossing spans. 

Records of frequency and amplitude of vibration 
for conductors made of materials other than A.C.S.R" 
are shown in Fig. 13; data pertaining to these records 
are given in Table IV. 

Influence* of Tension 

Vibration frequency is a function of wind velocity 
and diameter of conductor and is independent of 
•tension. From eq. 1 it may be seen that for a given 
frequency the loop length, however, varies directly 
a^ the square root of the tension. Therefore, an 
increase in tension increases loop length and theo- 
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retically should render it more difficult for the con¬ 
ductor to fall into resonance with the wind eddy 
frequency. * 

Field records to determine the effect of tension 
were obtained at Royse City; ^ No. 2 A.C.S.R. 
conductors were erected on a 416-ft. span with 
tensions of 500 and 750 lb., respectively. Simul¬ 
taneous 24-hr. records were taken for several weeks, 
a typical record being shown in Fig. 14; as may be 
seen, both conductors vibrated for about the same 
period of time and the amplitude increased slightly 
with an increase in tension. 

Another tension test was made on a 1,160-ft. span 
of 795,000 dr. mil A.C.S.R. in New Jersey. The 
tension was 5,400 lb. in one of the parallel conductors 
and 9,000 lb. in the other, a difference of over 50 per 
cent. Comparative records were obtained for sev¬ 
eral weeks during which vibration occurred on a few 
occasions, but for short periods only. The results 
were comparable to those obtained at Royse City. 

From these tests it appears that vibration will 
occur at any practical tension when wind conditions 
are favorable. A reduction of tension decreases the 
direct stress in the conductor but does not decrease 
the tendency to vibrate. 
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Influence of Conductor Shape 

It is obvious that the shape of a conductor should 
influence its vibration, and field tests prove that? it 
actually does. At Royse City the relatively smooth 
No.2 and 397,500 cir. mil A.C.S.R. are observed to 
vibrate more frequently than the 4/0 which has a 
comparatively rough'exterior due to larger strands. 

A special test to show influence of shape was made 
with three No. 2 all aluminum conductors, 1 a single 
wire, 1 of 3 strands, and 1 of 7 strands. Over a 

A.M. P.M. A.M. 
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TENSION 
500 LB. 


TENSION 
750 LB. 
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» Fig. 14. Vibration records showing effect of tension 
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Fig. 13. Vibration records for cables of various 
materials; see Table IV 




N0..2 ALL ALUMINUM-SPAN-416FT. TENSION-525 LB. AT 90°F. 

Fig. 15. Vibration records showing effect of con¬ 
ductor stranding 



Record 

No. 


Table IV—Vibration Data Pertaining to Records Shown in Fig. 13 



Conductor 


Size and 

Diameter 

Span 

Material 

in In. 

Length, Ft. 

f 650,000 dr, mils 

..1.13 .... 

.... '*835.. 

■{ copper calson 

l bronze core 

.1.13_ 

•«•• 835.. 

.. .400,000 dr. mils 

19 str. copper 

.,0.728.... 

.... 1,200.., 

.. .250,000 dr. mils 

19 str. copper 


.... 1,125.. 

.. .250,000 dr. mils 

19 str, copper 

.0.575.... 

....1,125.. 

.. .4/0 copper 


.... 750.'. 

4 ..*/* in. steel 

........0.875....- 

.... 650.. 

... */* in. steel 


...... 650.. 


Tension 
in Lb. 


Velocity 
ML per Hr. 


9.600.. ...... 4.6 ,.. i 

9.500.. . 2 ... 


. 3,200........ 6.8 . .* < 


Observed Vibration 

Frequency 

Loop Amplitude Cycles 
Length, Ft. in32ndsln. per Sec. 


Calculated 
Frequency 
Cycles 
per Sec. 


,90........11*5. ..... 


.85........17.7 


.12....16.. 14 

.19.10.... 9 


.66........ 8 •....... 9........25........ 31 

.80... 6.9 ........ 6. .25. 29 

.90. 3.75.. 4........88 .. 89 

,75.. 3 ........ 3.99.102 


August 1932 












































r 

period of several weeks 24-hr. vibration charts were 
obtained for several tensions. The recorders being 
. set the same distance from the supports, and the 
tensions being the same, the amplitudes are com¬ 
parable. Typical charts are shown in Fig. 15; these 
indicate that the 3-strand cable vibrated least 
frequently and 'frith the smallest amplitude, the 7- 
strand was second, and the solid wire vibrated the 
most. In no case was vibration absent. r 
Another test'was conducted on a special eccentric 
A.C.S.R. (418,000 cir. mils of aluminum); the outer 
layer bf strands in this cable, being graduated in 
size, formed an enlargement which wound helically 
around the conductor axis. This cable was installed 
on a span of 1,125 ft. parallel to a standard 397,500 
cir. mil A.C.S.R. of approximately the same diameter 
and proportion of steel. A record showing com¬ 
parative vibration of the 2 cables is shown in Fig. 16. 

These experiments show that amplitude can be 
reduced by variation in shape but that it is doubtful 
if a practical vibrationless conductor can be obtained 
in this manner. 

Energy Transmitted to Supports 


insulator string on a; 1,125-foot span of 795,000 cir. 
mil A.C.S.R. An accurate load-deformation curve 
for this rod had previously been determined with a 
Huggenberger tensometer. Several readings made 
under varying conditions of vibration showed that 
the variation in vertical load was of the order of 100 
to 150 lb. 

a 

Moving Pictures of Vibrating Cable 
• 

An ordinary moving picture camera taking 16 
exposures per second is too slow to show vibration at 
a frequency of 25 cycles or more; a high-speed 
camera, however, taking 128 exposures per second 
“slows down” the vibration so that the motion of the 
cable can be followed readily on the scre en One 
reel was taken of a 795,000-dr. mil A.C.S.R, while 
the wind velocity was high and the cable vibrating 
with short loop length, high frequency, and small 
amplitude, A second reel was taken while the wind 
velocity was low "with correspondingly lower fre- r 
quency, longer loop length, and greater amplitude. 
Rocking of the suspension clamp is clearly shown and 
beat pulsations are evident. * 


Severe conductor vibration sometimes causes sup¬ 
porting structural members to vibrate noticeably,' 1 
and fatigue failures at bolt holes in small alloy steel 
crossarm members have been reported. To measure 
the variation in .vertical load transmitted to the 
structure a small steel rod of high elastic limit was 
inserted between the suspension clamp and the 

Table V—Vibration Data Pertaining to Records of Fig. 17 


A.C.S.R. Conductors 


Recorder 



Size in Cir. 



Tension 

Distance 

Record Mils or B & S 

Diameter 

Span 

in Lb. 

from 

No. 

Gage 

in In. 

Length, Ft. 

@ 60° F. 

Support 

1. 

.798,000 .... 


.. 1,125... 

. 6,755.. 

■. . 5 ft. 2 in. 

2._ 

.708,000 .... 


.. 1,125.... 

.8,810.. 

... 5 it. 0 in, 

3..... 

.397,800_ 

......0.. 806... 

.. 1,125.... 

. 4,200.. 

... 4 ft. 5 in. 

4...... 

.397,800_ 

.0.806... 

.. 1,125.... 

. 4,085.. 

.. .2 ft. 9 in 

8.,... 

. 4/0 .... 

-.0.563... 

.. 416.,.. 

.*2,025.. 

.. .2 ft. 9 in. 

6...v. 

4/0.... 

-0.563... 

.. 416..., 

. 2,000.. 

... 4 ft. 0 in. 

7. 

No. 2 .. 

.0.316... 

.. 418.... 

. 740.. 

... 3 ft, 1 in. 

8..... 

. No. 2 .. 

.0.316... 

.. 416 

7 
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(D 397,500 CIR, MILS A.C.5.R. SPAN -1125 FT. TENSION - 45(6 LB. AT 60® F. 

<D 418,000 CIR. MILS ECCENTRIC CABLE-SPAN-1125FT. TENSION -4460LB.AT 60*F 

Fig; 16. Vibration records showing effect of eccen-* 
trie conductor cross-section 


Effect of Dampers 
* 

The problem of damping a vibrating conductor 
differs from many damping problems in that the 
damper must be effective over a wide range of 
frequencies. This precludes the use of a tuned 
dynamic vibration absorber for which the theory was 
presented by J. Ormondroyd and J. P. DenHaftog 
(“The Dynamic Vibration Absorber,” Trans. 

__ „ A.M. P.M, A.M. 

FEB. 33/38 10 II 12 I 2 3 4 5 6 7 8 9 10 II 12 I 2345670 9 10 



Fig, 17. Vibration records showing effect of 
dampers on A.C,S,R,; see Table V 
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Table VI—Vibration Data Pertaining to Records Shown in Fig. 18 *. 


Record 

No. 

1 

Conductor 



Wind 


Observed Vibration 

Calculated . 
Frequency 
Cycles 
per Sec. 

• 

Size and 
Material 

Diameter 
in In. 

* Span 
Length, Ft. 

Tension 
in Lb. 

Velocity 

Mi. per l|r. 

Angle 

Deg. 

Loop Amplitude 

Length, Ft. in 32nds In. 

Frequency 
Cycles 
per Sec. 

1 

4/0 A C S R 

_ 0 683. 

_660. 

... 2,630.. 

.3. 

_76. 

_11.9A.6. 

5 

.23. 

.22 

2. 

... .4/0 A.C.S.R. 

.0.663. 

_660. 

... 2^630.. 

.. 

....75 




3. 

.♦.4/0 A.C.S.R. 

.0.663. 

....660. 

...2,650.. 

..4. 

....75. 

....11.7 .8. 

.23. 

.22 

4. 

... .4/0 A.C.S.R. 

.0.663. 

.. ..650. 

...2,650.. 

.4. 

...m 


9 
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TWO OR MORE DAMPERS 
MAY BE REQUIRED AT EACH 
END OF LONG SPANS 


ONE DAMPER REQUIRED AT 
EACH END OF SPANS . OF 
MODERATE LENGTH 




Fig. 18. Oscillographic vibration records showing 
effect of dampers on 4/0 A.C.S.R., Caldwell- 
Ontario (Idaho Power Company) 132-kv. line; see * 

Table VI 

* 

A.S.M.E., 1928). Such an absorber theoretically con¬ 
sumes no energy; hence it seems that it cannot 
damp vibration where there is a continuing input of 
energy as on a transmission line. The dynamic 
absorber with damping is effective over a broad band 
of frequencies and also consumes energy. The 
theoretical formulas of the Ormondroyd-DenHartog 
paper for this type of damper are applicable to a 
vibrating cable in principle only and require extensive 
modification and laboratory determination of certain 
constants. 

It is of interest to note that a simple weight of 
suitable size at the center of one loop of a vibrating 
cable is somewhat effective as a damper. The added 
weight alters the natural period of that one loop and, 
with the forced vibration which then ensues in that 
particular loop, the vibration is damped by con¬ 
sumption of energy in the conductor itself in that 
loop. The practical difficulty is, however, that a 
node is soon established at the weight and vibration 
is renewed. • .V v_ 

Energy which must be consumed to damp vibra¬ 
tion is undoubtedly extremely small in amount. 
This is evident from the theoretical formula de¬ 
veloped by Bate (“The Vibration of Transmission* 
Conductors;” Trans. Inst. Engrs., Australia, 1930, 
p. 277) fpr the input of energy to a cable from wind 
eddies. His formula involves several assumptions 
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Fig. 19. Stockbridge damper assembly 

<% 

which have not been proved but the method of 
derivation is logical and dimensionally it is probably 
correct. The formula gives the energy input per 
loop per cycle, G in ft.-lb., as follows: • 

G = 0.000022 V 2 DAL f (15) 

where 

V ■* velocity of wind in mi. per hr. 


D 

A 

L' 


outside diameter of the cable in in. 

amplitude of vibration in in. 

loop length or distance between node points in ft. 


This formula shows that the input of energy is 
proportional to the amplitude; hence if amplitude 
can be restrained to a small value the energy input 
will be small. This agrees with the observed fact 
that vibration builds up slowly and is damped easily 
at first. , 

One reason for establishing the outdoor laboratory 
was to study the action of dampers. The usual 
method of observation is by comparison of 24-hr. 
vibration records from 2 conductors identical in size, 
span length, and tension, 1 damped and 1 undamped. 
Many different dampers have been tested at Royse 
City, and hundreds of comparative records have been 
obtained. 

The most successful damper tested is essentially a 
mass resilientiy attached to the conductor in the loop 
nearest the support and so designed that energy is 
consumed by friction or mechanical hysteresis. 
This damper was developed by G. H. Stockbridge of 
the Southern California Edison Company. The 
usual form consists of 2. weights connected by a 
short piece of stranded steel cable, this assembly be¬ 
ing attached to the conductor a short distance out 
from the insulator. This damper is simple and 
practical to construct and easy to install, even on hot 
lines. The weight, size, and length of stranded 
cable, and location in the span^,vary for different 
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diameters of conductor. For spans of moderate 
length, say under 1,000 ft., 1 damper at each end of 
the span is required. 

* Comparative 24-hr. vibration records are shown in 
^ Fig. 17 with supplementary data in Table V, for a 
damped and an undamped span of 4 sizes of A.C.S.R. 
at Royse City, Including wind^direction and velocity 
recorded at one end of the span. It is evident that 
the dampers suppressed practically all visible vibra¬ 
tion; also that the energy input from the wind is 
directly proportional to the length of the span. In„ 
long Spans better damping is obtained with 2 dampers 
at each end, while 3 or more may be required on 
extremely long spans. • 

A damper cannot act effectively until the conduc¬ 
tor vibration acquires a certain amplitude. This is 
manifested by a slight quiver which can be felt but 
barely seen. The 24-hr. charts, however, do not 
show this clearly. Recently a.series ©f records from 
a free and a damped span of 4/0 A.C.S.R. was 
obtained by engineers of the Idaho Power Company 
using a carbon pile oscillograph; Fig. 18 shows 2 of 
their oscillograph records. The ripple in the damped 
cable is scarcely visible even at the enlarged scale. 

‘'Many tests on Stockbridge dampers have been 
made to determine the best dimensions and point of 
attachment to the conductor. The dampers are not 
critical either as regards size or spacing—a variation 
of 25 per cent in any factor will not seriously affect 
performance. Fig. 19 shows the style of Stockbridge 
damper used in this investigation. To avoid corona 
discharge this design embodies cylindrical weights 
which shield the damper cable, and a clamp having 
no sharp comers. 


varies directly as the amplitude an effective damper is required to 
absorb but little energy. 

9. The Stockbridge damper gives best results, is simple in design 
and construction, has no moving parts, and is easy to install. 

10. Armor rods are primarily reinforcement although they reduce 
the amplitude of vibration by 10 to 20 per cent. 

11. Adequate practical protection against damage from vibration 
of conductors is afforded by proper use of armor rods or dampers. 

m 

Engineering Subjects in 
the College Program 

For each of a large number of technical 
institutions, the various electrical and 
related subjects in the 4-year college 
program of electrical engineering have 
been subjected to an analysis. The 
results of this study are presented herewith, 
with suggestions for improvement in exist¬ 
ing curricula. 

By 


Armor Rods 


ALFRED H. LOVELL 

MEMBER A.I.E.E 


Univ. of Michigan, 
Ann Arbor, Mich. 


Armor rods are primarily reinforcement but they 
also are effective as dampers. Numerous compara¬ 
tive records have indicated that they reduce vibra¬ 
tion amplitude* by 10 to 20 per cent. Armor rods 
reduce stresses by distributing the bending from 
vibration, reinforce the cable at the point where the 
stresses are greatest, and furnish valuable protection 
against flashover bums. 

Conclusions 

Principal findings of the field tests described in 
this article may be summarized as follows: 

1. Theoretical formulas ( loc. citi) expressing relationship between 

frequency, loop length, tension, and weight of a vibrating conductor 
are tn good agreement with field observations. • 

2. The.Relf and Ower formula (loc. tit.) for the frequency of a 
vibrating cable is substantially correct. 

3. Any suspended cable will vibrate when conditions are favorable. 

4. Any feasible reduction in tension will not prevent vibration. 

5. Modifications in shape of cable cross section and stranding have 
some beneficial effect m reducing amplitude, but the results do not 
support the idea that a vibrationless cable can be evolved. 

6. Variation in vertical load transmitted to the insulator is not 
•• large. 

7. ; Slow-motion moving pictures of vibrating cable enable the 

motion to be followed by eye but have been of little assistance. 

8. A properly designed damper will prevent vibration of any 
appreciable amplitude, ghd since the input of energy from the wind 


■N THE FIELD of education for 
electrical engineering both the teacher and the 
practising engineer are vitally concerned; the 
teacher, because it is his life work, the practitioner 
because the young graduates are presumably tr ained 
to meet the specifications of his profession, to join its 
ranks, and to work beside him in the years to come. 
Obviously the working relations of man to man and 
the characteristics of the profession will be deter¬ 
mined mor£ or less by the nature of the training 
given the young men who come into it at the rate 
of approximately 3,000 a year. In this sphere 2 
great national organizations, the Society for the 
Promotion of Engineering Education and the Ameri¬ 
can Institute of Electrical Engineers, have mutual 
interests and interlocking membership. It would 
seem "well to set aside for the special consideration of 
the S.P.E.J5., the methods of selection, the study of 
teaching methods, the operating details, and organi¬ 
zation of curricula; but certainly then, it is the 
special function of the A.I.E.E. to advise as to the 
economic and professional content and interrelations 
’ of programs. 

Full text.of "Engineering Subjects, Electrical and Cognate, in the Four-Year 
f 0 J 1 * g * Program ° f Electrical,Engineering" (No. 32-74) presented at the 
A.I.E.E. summer convention, Cleveland, Ohio, June 20-24, 1932. 
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As a matter of background, the study of engineer¬ 
ing education by the S.P.E.E., 1923-1929, brought 
out a synthelis of opinion from teachers and engineers 
as to what engineering curricula ^should be. This, 
presented in “Report of the Investigation of Engi¬ 
neering Education,” v. 1, p. 413, is as follows: 

1. Moderate diversity but tending away from specialization. • 

2. Dominance of the scientific and broadly technical content and 
emphasis. 

3. Inclusion of a well-identified core of required subject matter. 

4. Inclusion, at all stages, of subjects of purely cultural value. 

5. Due emphasis (though not predominant) on the economic aspects 
of engineering and on their bearing on administration and manage¬ 
ment. 

6. Coherence of arrangement and coordination of related subjects. 

7. Thoroughness rather than completeness of detail. 

It will be remembered with regard to “specializa¬ 
tion” that instead of the general sense of the word as 
applied to the differentiation of instruction in ac¬ 
cordance with the major divisions of engineering— 
% civil, electrical, mechanical, etc., the S.P.E.E. used 
the term in the above discussion in a narrower sense 
as applied to a further degree of differentiation of 
curricula within the major fields themselves, such, for 
example, as the provision of distinct curricula in 
sanitary engineering, structural engineering, and the 
like, within the major field of civil engineering. 
There was common agreement between the teachers 
and engineers that the primary purpose of instruction 
in specialized engineering subjects should be to teach 


Table I—Semester Hours Average Requirements 
(or Graduation in Electrical Engineering * 


S.P.E.E. Report, 1923-1929 

S«P«E«£< Report, 1930 

Subject Group 

Units 

Subjects 

Units 

Electrical Engineering. 

. 34.4 

Technological Subjects 

Major Branch. 

.. 39.0 

Other Engineering. 

. 42.1 

Other Technical Subjects.... 

. . 23.5 

Engineering Electives. 

. 6.8 

Electives. 

.. 10.4 

Non-Engineering Electives... 

. 1.8 

Shop.... 

.. 4.0 

Miscellaneous. 

. 0.1 

Drawing.. 

.. 7.2 

Phys, and Mil. Training. 

. 6.6 

Phys. and Mil. Education... 

... 4.0 

Foreign Language. 

. 2.1 

Modern Foreign Language.,. 

.. 1.2 

Social Science. 

. 4.4 

Economics. 

.. 4.7 

Physical Science. 

. 20.6 

Physical Science.. 

... 20.7 

English..... 

. 8.9 

English... 

9.0 

Mathematics. 

. 18.9 

Mathematics.. 

... 18.5 

Total Non-Engineering. 

Total Engineering. 

Total Prescribed... 

.. 63.6 
.. 83.3 
..137.6 

• * 

Total Prescribed. 

,. .133.0 

Total Elective. 

.. 9.3 

Total Elective...... 

... 10.4 

Grand Total... 

..146.9 

Grand Total.... 

...143.4 

Number of Institutions. 

.. 56 

Number of Institutions. 

... 51 


fundamental principles and methods rather than to 
train for particular kinds of work. The engineers 
emphasized the opinion that specialization is out of 
place in undergraduate curricula and thsft thorough 
grounding in fundamentals is of paramount impor¬ 
tance. Yet many of the teachers believed that in 
teaching specialized engineering subjects there is no 
essential conflict between preparation for particular« 
fields of work and training in fundamental principles 
and methods, although the latter should always be 
the primary purpose. It has been a standard ediica- 
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tional policy that principles are best taught in con¬ 
nection with their applications, and that the technical 
subjects proper should serve as media for teaching 
principles and the characteristic engineering methods 
• of thought and analysis, instead of attempting # 
preparation for specific types of practise. 

The engineers were strongly in faVor of extended 
training in economics and for a greater emphasis upon 
the economic phases in the engineering subjects 
proper. A large majority of the teachers, engineers, 

, and graduates who were questioned indicated the 
belief that foreign languages as taught at that time 
were not of sufficient value to warrant their inclusion 
as requirements in the engineering curriculum. Both 
teachers and engineers were in agreement that shop 
work should not be required of all students, but only of 
those enrolled in curricula most closely related tp the 
manufacturing industries. As a result of these 
definite criticisms and recommendations, chiefly with 
regard to the preparatory and secondary courses in 
the curricula, many of the colleges have changed 
their requirements to meet the recommendations. 
The progress in this respect may be estimated by 
comparing the 2 columns in Table I. Unfortunately, 
the 2 tabulations were not made in exactly the sarfie 
subdivisions, but “Shop and Drawing” listed as items 
in the 1930 report are evidently included in the 
“Other Engineering” item of the 1923-1929 report, 
while “Engineering Electives,” “Non-Engineering 
Electives” and “Miscellaneous” of the 1923-1929 
report are doubtless all combined into the item of 
“Electives” in the 1930 report. The other subjects, 
however, listed side by side, appear to agree exactly.. 

The slight increase in English and economics with 
the corresponding decrease in modern foreign lan-. 
guages is notable. Still this does not show the full 
effect of the change, since some colleges still* are re¬ 
vising their curricula in this respect. For example, 
the college of engineering at the University of 
Michigan will change its requirements as of Septem¬ 
ber 1932, dropping 16 hours of foreign language or 
non-technical electives in favor of 4 additional hours 
required in English, 6 hours required in economics, 
and 6 hours of free non-technical electives. % 

It is believed, then, that a great improvement has 
been made in the preparatory and secondary parts of 
the curriculum in electrical engineering as a result 
of the foregoing study and discussion. Some glaring 
omissions have been remedied and some old ideas 
have given way to new and present conditions. The 
fact that the recommendations after careful analysis 
by the colleges have been so widely adopted shows 
ho'# valuable the recommendations of the practising 
engineers have been, and how much they have 
achieved. We should expect, therefore, similar 
advantages to accrue from a study and discussion of 
the technical portion of our curriculum in something 
like the detail which was thus given to the prepara¬ 
tory and secondary subjects. 

* . # 

Technological Subjects 

With regard to the technological portion of the 
curriculum in electrical engineering the tabulations 
of the total semester hours allotted to these subjects 
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in the major branch of electrical engineering itself, 
those in other engineering fields and those in engi¬ 
neering electives, in the 1923-1929 and 1930 S.P.E.E. 
reports, are given in Table II. 

It is noted that while there has been an increase in 
*fche central core of subjects in electrical engineering 
itself from 34.4 to 39.0, still the electrical curriculum 
contains fewer technical courses in its own field than 
any of the other major curricula, particularly those 
of chemical and civil engineering with their respective 
requirements of 44.9 and 50 semester hours in then- 
own major branch. It would appear, then, that the 
electrical engineering students take proportionately 
more of their technical work in associated depart¬ 
ments and in electives, a situation which will heartily 
commend itself from the points of view of broad 
foundational training and freedom for the student to 
pursue his ambitions to at least a slight degree into 
some particular field of his own choice. 

The tendency to increase the number of semester 
hours a of technical requirements in electrical engi¬ 
neering was noted in the 1923-1929 S.P.E.E. report. 
That it prevailed and resulted in an 11 per cent 
increase is shown by the report for 1930. In view of 
the close approach to an upper limit, should we not 
examine how scientific the tr aining of a 4-year elec¬ 
trical student should be? Doubtless we are aK 
agreed that he must have as an absolute minimum , 
say, some 16 semester hours of f undamentals in d-c. 
and a-c. machinery and steady-state circuits. But 
in the ( light of modem developments and in prepara¬ 
tion for some known problems of the future, how 
much further should we go ? 

The electrical engineers who were consulted in 
1923-1929 as to which divisions of electrical engi¬ 
neering were of such importance as to warrant then- 
inclusion in the training of all electrical students 
replied as shown in Table III. (It was taken for 
granted that a general foundation in the principles 
of electrical and magnetic units, laws, circuits, and 

Table II—Semester Hours Required for Graduation 
in Different Courses 


The study should cover thermionic vacuum tube 
characteristics and types of circuits and tubes suit¬ 
able for rectifiers, amplifiers, detectors, 1 * and oscilla¬ 
tors. 

Analysis of College Curricula 

Not all of the subjects in Table III are standard 
requirements in college curricula but nearly all are 
representecLin the programs as requirements or avail- 
r able electives, the exception being perhaps electro¬ 
chemical engineering which in practically every case 
is offered in the departments of chemistry. The 
study su mm arized in Table IV shows what a number 
of representative schools provide in required and 
elective courses in these subjects. 

It is notable that there is great consistency in the 
first 4 columns of Table IV in that nearly all colleges 
require a group of fundamental courses of not less 
than 16 hours and also provide 1 or 2 courses in 
transmission and distribution, power plants, and 
electrical machine design. The few schools whose 
catalogs do not show a course in electrical power 
plants provide a.strong preparation in the-courses 
they schedule in the heat power division of mechani¬ 
cal engineering. There is also strong agreement in 
using* the field of power plant engineering as the 
vehicle for applying economics to engineering prob¬ 
lems. In the remaining columns for the electrical 
division of Table IV the courses offered are mainly 
elective, the restriction of time allowing the under¬ 
graduate student probably not more than 1, or at 
most 2, courses in any division. Many colleges offer 

Tabic III—Per Cent of Engineers Favoring Inclusion 
of Various Subjects 


Per Cent Subjects Per Cent Subjects 


07.5... Transmission and distribution . 33.5.Illu minat i o n 

59.0.,.Power plant engineering 33.2.Electrochemical engineering 

57.0... Electric machine design 28.4.Electric railways 

44.0... Industrial power engineering 22.5.Telephony-telegraphy 

38.8... Hydroelectric engineering 19.5.Radio engineering 



1923-1929 1930 

Subjects Units Subjects E.E. M.E. C.E. Ch.E. 


Elec. Engg.34.4 

Other Engg.42.1 

Engg. Electives. 6.8 


Grand Total.146.9 

No. of Institutions.. 55 


Technological 

Major Branch- 39.0., 41.0.. 5CK0.. 44.9 

Other Technical 

Subjects.. 23.5.. 22.9,. 18.4.. 21 6 

Electives. 10.4.. 9.3.. 8.4.. 6 7 

Grand Total.14314. .145.5. .144.0. .14e!4 

No. of Institutions.. 51 .. 44 .. 51 ..*41 


several sequential electives in the various divisions, 
but the courses are principally for graduate students. 
There are difficulties in analyzing the curricula in 
these divisions. Illumination may be offered in some 
cases in the department'of physics; telephony, teleg¬ 
raphy, radio, and electronics, may be combined in 
various ways in courses given as communication 
engineering. 


machines would be required of course in every case.) 
In view of the developments of the past few years and 
of immediate future demands, surely the subject of 
electronics and vacuum tubes should be added to the 
st. Such a course should include an engineering 
approach to the theories of ionization, of the mecha- 
msms of ctpent flow and energy interchanges in 
ionized regions, and of thermionic, photoelectric 
and other types of electron emission, as related tb 
conducting gases a* atmospheric and lower pressures. 
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Related Engineering Subjects 

In order that the preparation shall have a proper 
breadth, <fnd that the graduate shall understand 
something of the problems facing his colleagues, what 
should be the training of electrical students in the 
fields of the associated technical departments of 
^mechanical, chemical, and civil engineering ? 

In mechanical engineering the electrical student 
has need of a fundamental course dealing in elemen- 
* thermodynamics, steam, fuels, boilers, steam 
* • * • ' 

Electrical Engineering 









Table IV—Required Semester Hours for Students of Electrical Engineering—*1931 



engines and turbines, condensers, internal combus- partment. At the University of Michigan the 

tion engines, and the general problem of a power preparatory design courses in mechanics cover 

plant. Some time in steam laboratory would be statics, 3 hours; strength and elasticity of materials, 

valuable to vitalize the work. It will be necessary to 4 hours; laboratory in strength of materials, 1 hour; 

establish the standard ratings, efficiencies, methods and dynamics, 3 hours. In a fundamental structural 

of governing, and speed regulation of the prime design course we feel that the student should have * 

movers here so that they may be transferred to the ^some elementary training in analysis of stresses, 

electrical courses concerned with the generator. moments and shear, for wood, stefcl and concrete 

To chemical engineering we look for a knowledge of beams, roof trusses and columns; beams and slabs in 

the engineering materials with which to work. For reinforced concrete masonry; and introduction to 

general structural and power work every student soil bearing theory, bearing power of piling and 

needs an elementary knowledge of the manufacture settlement, together with some contact with electric 

and properties of the ferrous and non-ferrous alloys, welding of frames and machine structures, 

cements, clay products, protective coatings, fuels, For curricula in electrical engineering, the s em ester 
boiler scale, and water softening, together with hours required in cognate or related engineering sub- 

associated laboratory experience in mechanical work- jects are shown in the right hand side of Table IV. 

ing and heat treatment of the various metals, welding While there is alm ost general agreement as to the 

practise, protection against corrosion, etc. In addi- necessity for courses in heat power, shop work, and 

tion to these widely used materials which are gener- hydraulics, there is evidently a considerable differ- 

ally covered in the common introductory course in ence of opinion as to the need for training in survey- 

chemical engineering, the electrical student has a ing and in the mechanical features of machine design, 

special interest in the silicon steels, in oils and papers, Again, almost half of the programs offer no training 

in cold and hot flow materials, in phenol plastics, in engineering materials and only 3 curricula call for 

varnishes, tapes, and mica. Seemingly no course a structural design course after a preparation in 

given at the present time covers these* materials engineering mechanics. 

which are so essential to the electrical designer. In view of these differences of opinion among 
They should be included in the more comprehensive teachers not only as to the subjects to be'included in 

list of fundamental materials for an electrical student. the fundamental training of the student but as to the 

In civil engineering a common basic structural , time spent upon them as well, it is felt that considera- 

design course may follow some 8 semester hours of tion and study and the gathering of suggestions from 

engineering mechanics, or the same field may be the practising members of our profession would be 

covered as applied mechanics in the last named de? very much wbrth while. 
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Control for 3,000-Volt 
Multiple Unit Cars c 


operate over a range of from 20 to 45 volts. Table I 
gives a listing and weights of the major parts of the 
control equipment. * 

Table I—Weight of Control Equipment of Lackawanna 
3,000-Volt Multiple Unit Cars 


Because of! the relatively high voltage used 
and the necessity of mounting the apparatus 
in a limited space, many new problems of 
control design were encountered in the 
3,000-volt d-c. suburban electrification of 
the Lackawanna Railroad. This article de¬ 
scribes the construction and operation of 
some of the more important of the control 
apparatus developed, and the tests made to 
assure #s suitability to the service for which 
it was designed. 


Equipment 


Weight in Lb. 


2 pantographs..... 2,270 

8 pantograph insulators. 340 

f 1 main fuse in box. 131 

1 main switch and auxiliary fuse box. 313 

1 line breaker. 583 

1 motor controller. . 1,119 

1 set motor resistors. . 455 

1 field control switch. 88 

2 inductive field shunts. 1,340 

1 master controller. 75 


Total weight of motor car control including dynamotor and field 


shunts. 11,950 

Trail car control equipment. 1,200 

Total weight of control for 2-car unit... 13,210 


Current Collectors 


Current for each unit is collected from the double 
By or twin contact wire by a pantograph trolley on each 

C. J. AXTELL General Elec, motor car. Pantographs are of the spring-raised 

member A.I.E.E. Co., Erie, Pae air-lowered type, with: 


T, 


HE 282 CARS on the Delaware, 
Lackawanna and Western suburban electrified 
system are arranged to operate as 141 units, each 
unit consisting of 1 motor car and 1 trail car semi¬ 
permanently connected; each motor car has 4 
1,500/S,000-volt motors of 235 hp. hourly rating, 
2 motors being permanently connected in series. 
Operating stations are provided at each end of each 
2-car unit, 1 on the motor car and 1 on the trail car. 
Trains are made up of from 1 unit (2 cars) to 6 units 
(12 cars). The auxiliary control of these cars has 
been described previously (“Auxiliaries for High 
Voltage D-C. Multiple Unit Cars,” by C. T. Axtell, 
A.I.E.E. Trans., v. 49, 1930, p. 1282-6); hence 
this article will treat only features of the control for 
the traction motors. 

Motor control is of the pneumatically operated 
cam type with automatic acceleration at the rate of 
1.5 miles per hr. per sec. The following control 
points or steps are provided: 

6 accelerating steps with 4 motors in series. 

1 running step with 4 motors in series. 

5 accelerating steps with 4 motors in series-parallel. 

1 running step with 4 motors in series-parallel, full field, 

1 running step with 4 motors in series-parallel, shunted field. 

The control equipment normally operates with a 
constant air pressure of 70 lb, but will function 
satisfactorily at a minimum pressure of 50 lb. 

A schematic wiring diagram of this motor' and 
control circhit is shown in Fig. 1. A motor generator 
set and a 300-ampere-hr, battery furnish power at 
32 volts for control, lights, and auxiliary circuits; 
the control equipment is desig ned, however, to 

Written especially for Elbctkical Engineering. Not published in phmphlet 
jorm* 


1. Maximum working range. 10 ft. 6 in. 

2. Length of contact surface.. 4 ft. 0 in. 

3. Vertical movement of collector shoe. 2 in 

Bearings on the main shaft are taper roller self- 
aligning, with pressure lubrication. Contact pres¬ 
sure of the shoes against .the wire can be adjusted 
from 20 to 35 lb. with a maximum difference of 6 lb. 
between the pressure exerted with the pantograph 
going up and that exerted with trolley retracting. 

Main Fuse 

All wiring and apparatus on the car, except the 
trolleys, is protected by a compression type main fuse 
mounted on the car roof (see Fig. 2). The fuse 
holder has two expansion chambers joined by an 
insulating tube; the fuse consists of 2 braided copper 
leads with a connecting link of fusible alloy. The 
vaporizing of the fusible link creates pressure within 
the tube; this expels the braided copper leads from 
the tube and extinguishes the arc quickly, without 
any noise or flame that can be detected. 

Arc rupturing tests were made on this fuse with 
both inductive loads and short circuits on a 3,000- 
volt 3,000-kw. motor-generator set built especially 
for high .cunrent testing. From oscillograph tests the 
times required to extinguish the arc completely after 
the fuse had melted were as follows: 


VoltB 

Amperes 

Circuit 

Time (Sec.) 

3,000... ... 

... .3,040.. 

.... Inductive 

.0.030 

3,000. 

....7,000...... 

... . Non-inductive, .. . 

......0.0076 


The oscillograph record of the first test is shown in 
Fig-3. 
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JLine Breakers 

On these equipments the line breaker is the only 
•device that cuts off the power to the motors; conse¬ 
quently 4 3,000-volt contactors are used in series 
to rupture normal as well as overload currents. 
JB'rom the standpoint of safety it is essential to have 
25 circuit rupturing devices controlled from individual 
i:rain wires, each, device capable of opening the motor 
•circuit; consequently 4 contactors connected in series 
^tre used although 2 will interrupt any overload cur¬ 
rent. The contactors have a nominal capacity of 
•350 amperes with the blowout coil decreased to 200- 
n.mpere capacity to increase the number <4 tupis; the 
units have Win. wide tips and a tip gap of 1 in. 
"'The contact tip pressure is 70 lb. An overload relay 
is mounted directly on the back of the No. 4 con¬ 
tactor as shown in Fig. 4. 

* Oscillograph records made when testing the current 
rupturing capacity of this breaker show the following 
•times to rupture the circuit after the contact tips 
3begin to part: 


Test 

Wo. 

Contactors 

Breaking 

Circuit 

Volts 

Amperes 

Load 

. Time 

Sec. 

1.. 

• •••*2* ♦« • • •« 

-3,000. 

.4,600..... 

. Non-inductive. 

.0.017 

2.. 

, • •* 2 • • • • * • • 

. 3,000. 


.Inductive 

.0.026 

3.. 

4 •»« ♦ •»• 

.3,000. 


. Inductive ..... 

.0043 

4.. 


- 3,000. 


. Inductive ..... 

.0.074 



• ///W 

A 


B 


C 


Fig. 3. Oscillograph record of 3/000-volt main 
. fuse rupturing 3,040-ampere inductive circuit 

A—60icyde timing wave/ B—Line voltage; C—Line current 
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The oscillograph record of test 3 is shown in Fig. 5. 
Interruption tests were made with 2 contactors in 
series with the following results: 

10 interruptions in 2 min. with 3,300-volt 1,500-ampere inductive 
Toad. f 

5* interruptions in « min. with 3,300-volt 3,000-ampere non- 
inductive load. • # 

On account of the liberal design of the line breaker 
contactors the Cheating for the service in which they 
are used is very low. A continuous heat run at 270 
amperes gave the following temperatures: 

Blowout coil. §4 deg. cent, rise 

Contact tips. f-5 deg- cent, rise 

Flexible shunts.-... 38 deg. cent, rise 

Magnet valve coil (operating at 40 volts). 30 deg. cent, rise 

The line breaker, because of the high voltage cir¬ 
cuit and its location on the car, was designed to be 
grounded to insure safety to any passenger or work¬ 
man who might come in contact with the box. 
Gro undin g this box necessitated some radical changes 
in ins ulation and box construction quite different 
from previous designs on which it has been customary 
to insulate the enclosing cases. 

Motor Controller and Associated Equipment 

• 

The motor controller, consisting of a group of 
devices assembled in a box for mounting underneath 
the car, is the principal part of the motor control 
apparatus. The box is jnade of fabricated steel with 
welded joints. Top covers are fixed and all side and 
end covers are hinged and latched. Cables enter the 
box at the top through 2-piece wood cleats. The 
equipment is mounted underneath the car with the 
box grounded to the car underframe. 

A view of the front of the motor controller with the 
arc chutes of the cam contactors removed is presented 
in Fig. 6; at the right are the motor cutout switches 


and on the left are mounted the main air engine and 
relays. This motor controller contains: ? 

7 cam operated resistance contactors. 

3 cam operated contactors for series-paralleling the motor group. 

1 main air engine for operating the cam shaft. 

1 motor reverser. 

2 motor cutout switches. 

1 potential or no-voltage relay. 

1 accelerating relay. 

1 field control relay. 

The cam * contactors, one of which is shown in 
• Fig. 7, have current carrying parts clamped on a 
rectangular steel bar which is covered by wrapped 
insulation. All contactors have magnetic blowout. 
Current carrying parts are of brass and both upper 
and lower contact tips are provided with arcing horns. 
Individual arc chutes can be removed by loosening a 
single screw at the top of the contactor and rotating 
the locking mechanism. 

Contactors are closed by cams bearing upon a steel 
roller; they are opened by the pressure of the contact 
spring and by gravity. Should a contactor tip stick 
or “freeze,” a mechanically operated “knock-out” 
operates on the cam shaft and mechanically forces the 
contactor open. Contactors have a 1-in. tip gap and 
renewable contact tips s / 4 in- wide; contact tip pres¬ 
sure is 16 lb. Two of the contactors (R6 and S in 
Fig. I) have enlarged arc chutes vented to the outside 
of the box as these contactors under some conditions 
are required to break current. The cam shaft is of 
hexagonal steel with wrapped mica insulation, cast 
iron cams being clamped on over the insulation and 
separated by insulating, collars. 

An opposed-cylinder air engine operates the 'cam 
sl^ft through a rack and pinion. Air admitted to 
the “on” cylinder rotates the cam shaft to the “on”' 
position while air admitted to the “off” cylinder stops 
the progression on any step. Admission of air to the 
, “off” cylinder is governed by a magnet valve under 
control of the accelerating relay which permits the 
cam shaft to rotate step by step under the influence 
of the current through the motors; this maintains a. 
constant average current during acceleration. A 
specially designed accelerating relay also provides- 
means to enable the operator to advance the motor 
controller one step at a time regardless of the motor 
current. 
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Field connections of the motors are reversed by an 
electropneumatic reverser mounted in one end of the 
motor controller. It is of the cylinder type with 
segment castings mounted on an insulated hexagonal 
shaft. A double cylinder air engine furnishes power 
to rotate the cylinder to either the forward or the 
reverse position. 

In addition to the accelerating relay- there are 
provided (1) a second relay to govern the closing of 
the field control switches, and (2) a potential relay 
with resistor tubes to cut off the control current on an 
individual car should the line potential fail. TJhe 
potential relay closes at 1,300 volts and opens if the 
. potential falls to 750 volts. 

» 

Field Strength Reduced by Inductive Shunts 

„ . The fields of the motors are shunted by an induc¬ 
tive shunt giving a reduced field strength of 50 per 
cent. In series with the inductive shunt is an ad¬ 
justable non-inductive resistance to compensate for 
any variation in the wiring of the 2 pairs of motors. 
A separate box with 2 contactors operated by a single 
air cylinder and having mounted in the back 2 ad¬ 
justable rheostats composed of edgewise wound units 
comprise the equipment for shunting the fields. 

Main resistors are of the edgewise wound type 
arranged in 1 group of 2 sections, and 1 group of 3 
sections. All of the resistance is connected in the 
circuit on the trolley side of the motors. The alloy 
of which the resistors are wound has a high specific 
resistance, 120 X 10~° ohms per cm. 8 , but a low 
temperature coefficient of resistance; the increase in 
resistance is 5.8 per cent with 350 deg. cent, rise in 
temperature. The resistor frames are insulated from 
the support by 1,500-volt porcelain bolt insulators; 
the support is insulated from the car framework by 

3,000-volt porcelain bolt insulators. 

. - • 

Master Controller and Cab Equipment 

The master controller has 2 cylinders, a main and 
a reverse. A “dead man’s release and emergency 
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volt d-c. multiple unit cars 

* 

brake feature” is incorporated in the controller which 
interrupts the control current and actuates a pilot 
valve to apply the emergency air brakes should the ** 
handle be released. 

A button type switch in each cab giVes the operator 
convenient control over the pantographs, control 
equipment, overload reset, dynamotor, heaters, and 
fights. It is provided with a lock so arranged^ that 
all important circuit switches are locked in affixed 
position when the key is removed. An additional 
control switch is connected to the air brake cutout 
cock; this switch cuts off all control current to the 
master controller unless the cutout cock is open, thus 
preventing the starting of the train until the air 
brakes have been cut in. 

Tests 

A sample unit consisting of a motor car and a trail 
car was completely equipped with motors, control, 
and air brakes, for test purposes. These cars were 
run for 15,000 miles on the 3,000-volt test track at 
Erie, Pa., to determine how they would perform 
under service conditions. 

The production control apparatus was subjected to 
many special tests. In addition, all control devices 
for 3,000-volt circuits were given a high potential test 
of 8,750 volts at 60 cycles for 1 min.; all control 
devices for the 32-volt circuits were tested at 1,000 
volts, 60 cycles for 1 min. * 
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Sectionalizing Improves 
• Rectifier Efficiency 

r» 

By building large capacity mercury arc 
rectifiers from a group of several small 
sections, the better efficiency, reliability, 
economy, and flexibility inherent, in the 
smaller rectifiers can be retained in the 


the total requirement for this kind of equipment with 
capabilities and limitations as they are, even in the 
smaller sizes, will not support organized “line 
manufacture” for r the larger capacities. Efficiency 
falls off with increase in size because of the longer 
arc and greater exposure to deionizing surfaces, and 
because to obtain acceptable quantity the funda¬ 
mentally less reliability makes necessary an in¬ 
crease in loss-producing arc-back preventives. With 
present designs, internal losses per unit output for a 
500-kw. rectifier are only about 3 / 4 of those for a 
3,000-kw. unit, both based upon 600-volt operation. 

Disadvantages of Large Units Fundamental 


larger units. Experiments on a 3,000-kw. 
'rectifier composed of 4 750-kw. units, 
shows an efficiency one per cent higher than 
for the conventional single unit type. 


By 

A. L. ATHERTON 

MEMBER A.I.E.E. 


Westinghouse Elec. & 
Mfg. Co., East 
Pittsburgh, Pa. 
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RACTICABILITY of the sectional 
type # of mercury arc rectifier is based upon the 
obvious, but apparently heretofore unrecognized, 
fact that the best possibilities inherent in the device 
are realized only in the smaller sizes. Efficiency, 
reliability, economy, and flexibility of both applica¬ 
tion and use are all far better in small than in large 
units. Furthermore, the advantages appear to be 
fundamental and therefore permanent. Subdividing 
a mercury arc rectifier into unit sections introduces 
both advantages and disadvantages; but the ad¬ 
vantages so f£t outweigh the disadvantages that, 
once tiie conception is considered seriously and the 
sectional design actually worked out, doubts dis¬ 
appear and sectionalized plan seems the right and 
natural one to adopt. 

Development through the past 29 years has re¬ 
sulted in rectifiers of small capacity, 500 kw. for 
example, with a high degree of reliability, a reason¬ 
able cost, and an efficiency which makes available 
for the higher voltage applications the unique quiet¬ 
ness and freedom from mechanical wear which has 
been the major incentive throughout the develop¬ 
ment. When size is increased, however, the quality 
decreases markedly. Reliability decreases not in 
proportion to size, but more rapidly because the 
difficulty of controlling the “hurricane” flow of 
vapor from the cathode is increased enormously 
when the size is even doubled. The outage time of 
3,000-kw. rectifiers is several times as great as that 
of 500-kw." units. Cost per unit output does not 
decrease with increase of size, as it does with some 
^PP^atus; this is because manufacturing problems * 
increase faster than in proportion to size, and because 

Capacity Rectifier Efficiency Improves by Sectionalizing” 
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The major disadvantages which go with size 
appear to be fundamental and permanent, whatever 
advances may be made. Larger units always will 
be less efficient, and the reliability and cost dis¬ 
advantages probably will persist. 

Multiple installations of conventional small capac¬ 
ity units of the sort available in the past are im¬ 
practicable; the space required is too gre^t and the 
multiplicity of control and protective devices ap¬ 
pears highly undesirable. But if a rectifier of large 
capacity is subdivided so as to take advantage of 
space economies resulting from recent advances in the 
art, building the structure in sections but installing, 
controlling, protecting and using it as a whole, the 
project becomes feasible; the desirable qualities of 
the small rectifier are made available for the larger 
capacities while the disadvantages of sectionalizing 
are reduced so as to become negligible. 

♦Research in the Westinghouse laboratories on 
rectifiers of conventional size and characteristics 
has shown that the limitation in capacity for a given 
design lies in'local limitations of the various parts, 
for example, the limits of conductivity and heating 
at the anode, and not in the fundamental and per¬ 
haps more troublesome tendency to arc back at 
the higher currents. To illustrate this the 500-kw. 
rectifier shown in Fig, 1 carries a nominal current 
of 833 amperes continuously, 1,250 amperes for 2 
hr., and 2,500 amperes for 1 min.; extensive tests, 
which include use at currents up to 17,000 amperes 
on short circuit and loads of 2,000 to 2,500 amperes 
for periods of 5 to 30 min., depending on temperature 
rise, have not shown arc-back to be a limitation. 
Extended service experience with a limited number 
of installations gives the same result. Evidently, 
changes in the details leaving the general arrange¬ 
ment unaltered, would make it possible to reduce 
materially the size of the containing tank without 
affecting the ability of the unit to carry the loads 
required. Experiments have verified this conclusion. 

Size Redvced by Rearranging Parts 

As a further step, a rearrangement of parts made 
possible a still further reduction in size for a given 
rating, and at the same time brought about some 
reduction in the internal losses. The rearrangement 
was based upon knowledge gained from experiments 
made to determine: (1) the effect of the. way the 
vapor flows from cathode to condensing wall; and 
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(2) the effect of the position of the anode structures 
in relation to this stream of ionized vapor upon the 
limiting cunrent of which the rectifier unit is capable 
without excessive arcing-back. Although the whole 
mechanism of vapor flow and its effect on arc-back 
still are obscure, several factors that influence 
performance have been established. In the design 
shown in Fig. 2 an attempt has been made to take 
into account in the most satisfactory way possible 
at the present time, these as yet rather intangible 
and, it must be admitted, somewhat uncertain» 
factors. 

The desirability of improving the anode support 
and shielding arrangement also offered an opportu¬ 
nity for progress; a rather extended series of experi¬ 
ments resulted finally in the anode structure shown 
in Fig. 2. Processing to eliminate foreign material 
and to keep the gas evolution in operation at as low 
a value as possible, have progressed along with the 
design development. 

v As a result of these improvements, the rectifier 
section shown in Fig. 2 is capable, with a reasonable 
margin, of a standard nominal rating of 750 kw. 
at 600 volts, and of even higher short-time overloads 
at this rating. The unit is required to carry a 
normal current of 1,250 amperes, and 50 per cent 
overload, or 1,875 amperes for 2 hr. Since final 
temperatures are reached in about 2 hr., it is felt 
that the 2 hr. capacity can best be indicated by 
continuous operation at the 50-per cent overload 
value; experimental tests have been made in this 
way, thus including in a single test some margin of 
safety along with a degree of acceleration of the 
test. Double load, or 2,500 amperes, is required Joy 
standard nominal rating for a period of 1 min. 
following full load; experimental tests have been 
made at this current for a duration as*long as 5 min. 
In all these operations, arc-back is quite infrequent; 
furthermore, it is a requirement that the rectifier 
can be put into operation again immediately follow¬ 
ing such an occurrence. 


Arc-Drop Lower in Sectionalized Rectifiers 

Internal losses in the rectifier are determined by 
the arc-drop, or voltage from anode to cathode 
during the conducting period; this voltage varies* 
with load cunrent. The value tha$ dete rmin es the 
rectifier efficiency is the average for the various 
anodes. Fig. 3 shows an average arc-drop curve 
for both "the unit indicated by Fig. T and the older, 
conventional unit shown in Fig. 1. As the size of a 
rectifier is increased, the arc path becomes longer, 
resulting in increased exposure to deionizing sur¬ 
faces; thus the losses per unit output become 
greater. Experimental rectifiers of 3,000 kw. with 
a single tank have had arc-drop voltages as shown by 
the dot-dash curve of Fig. 3. It may be seen that at 
full loads the difference between the arc-drop voltage 
of these experimental single-tank 3,000-kw. rectifiers 
and that of the sectional units shown in Fig. 2 
amounts at full load to approximately 6 volts or 1 per 
cent, on the basis of a 600-volt output. * With 
ordinary load factors and power costs, a 3,000-kw. 
sectionalized rectifier thus could be operated for 
from $600 to $1,500 less per year in power cost than 
could a single-unit rectifier of this capacity; this 
paving would justify an added investment of from 
$4,000 to $10,000. 

Physical proportions of the sectional units are 
such as to make it feasible to mount them in service 
one above another. Thus, a 3,000-kw. unit can be 
made of 4 750-kw. sections* mounted 2 side by side 
and 2 high, as shown in Fig. 4. Floor space re¬ 
quired for such an assembly is approximately 118 in. 
wide, by 68 in. deep, overall, including auxiliary 
equipment. The over-all height is 113 in. and the 
necessary ceiling height of a room to accommodate 
this equipment need not exceed this value except 
for electrical clearance of a few inches and whatever 
may be necessary to provide for adequate working 
space, certainly not more than 2 ft*. It is evident 
that the sectionalized plan thus makes possible a 



Fig. 1. (Left) 
Sectional view of 
a conventional 
500-!<w. 600-volt 
rectifier 


The diameter of each 
• of the 2 unite is 
54 in.; 'over-all 
height of the con¬ 
ventional rectifier 
shown on the left 
is 104 in. while that 
for sectional unit 
shown on the right 
is 41.5 in. The kw. 
rating per unit vol-«* 
ume for the sectional 
unit is thus more 
than 3 times as grejjt 
as for the conven¬ 
tional unit 



Fig. 2. Sectional view of an improved 750-l<w. 
600-volt rectifier ffnit 
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considerable saving in space. Such an arrangement 
is likely to prove the most convenient for usual 
applications. There is no reason, however, why 
other arrangements cannot be used where available 
space places a limitation on one or more dimensions. 

f. 

Paralleling Sections No New Problem 

r 

The problem? of paralleling is the same for* sectional 
rectifier units as for a single tank rectifier using the 
same number of anodes and, except in detail, is the 
same for any rectifier using twelve or more anodes. 
Load balancing is inherently approximately correct 
because the voltage across the arc rises with in¬ 
creasing current after a minimum at about 40 per 




Fig. 4. A 3,000-kw. sectional rectifier composecl 
"of 4 750-lcw. units 


cent load. To get a closer balance, anode bal ancing 
coils are used; these are arranged so as to introduce 
no appreciable impedance into the circuit under 
normal operation. r Should it be desired to take a 
section out of service, for maintenance or any other 
reason, the corresponding balancing coil sections are 
short circuited by connecting links provided for the 
purpose. 

One arrangement of vacuum pumping for Sectional 
units is indicated in Fig. 5. Use is made of 2 inde- 
r pendent pumping systems, connected through mani¬ 
folding to the various sections and with cross con¬ 
nections so arranged as to permit the use of either 
pumping system or any or all of the tanks. The 
various sections of the rectifier are connected to the 
vacuum manifold through 2 valves of unique .design, 
provided with a sealing plate as an extra precaution 
against outside air. Even if such a valve should 
develop a leak, this safeguard would prevent any 
leakage into the tanks except at a slow rate and only 
for the minute or less while the valve position is _ 
being changed. The use of 2 valves permits the 
separation of a single section from the b alan ce of the 
structure without admitting air to either part. 
When maintenance work is required, it is thiis 
possible to put the repaired section in condition by 
pretreatment, then install it and, by proper manipu¬ 
lation of the valves, exhaust it completely without 
admitting air to either the unit or any part of the 
operating .system. With the pumping arrangement 
shown, this requires the operation of one of the other 
units with valves closed for some time. This intro¬ 
duces no further difficulty, however, for experience 
has indicated that if properly made and treated out 
the rectifier unit will carry normal loads without 
pumping for several hours or even several days 
without damage. 

Sectionalizing inherently provides the utility 
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Fig. 5, Rear view of 3,000-kw. 600-volt 4-unit 
sectional rectifier showing arrangement for main¬ 
taining the vacuum 
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that any damage is likely to be limited to a relatively these 2 plans depends upon cost and service 
small part of the total assembly and that during the requirements. 

period of nfaintenance the load can be carried by the The sectionalized plan applied * to mercury arc 
remaining units. With the arrangement shown in rectifiers, together with development work already * 
Fig. 5, a faulty section can be segregated from the performed in designing improved sectional unit s of 
others by removing the connecting links and closing mere suitable dimensions and proportions, have 
the valves, requiring only a few minutes, before made available in ,this equipment increased relia- 
load can be carried again. Although the main- bility, increased flexibility in application and use, 
tenancy operation to remove a unit from the structure improvement in manufacturing requirements, and 
for repairs requires as long as 2 hr. or more, this can an efficiency advantage of one per cent or more, 
be done during a light or no load period. It would, Beyond this is the belief that further improvements 
be possible to arrange with jack connections and will be made as time goes on and as a clearer' under¬ 
separate systems of auxiliary equipment or flexible standing is acquired of the fundamental knowledge 
pumping and water connections, so that the operator gained from research. It is to be expected that 
could pull the unit forward a few inches and go on 'future developments will progress along the lines of 
with operation with the remainder of the equipment sectional structures rather than single unit arrange- 
after an interruption of 1 or 2 min. Choice between ments. , 


An Improved Gap for 
Station Apparatus 


An improved voltage limiting gap for pro¬ 
tecting electric power station apparatus 
has been developed, the breakdown char¬ 
acteristics of which may be varied, over a 
wide range so as to conform t$ the char¬ 
acteristics of the station insulation. For 
the best protection, a lightning arrester in 
parallel with the gap is recommended. 


By 

A. O. AUSTIN 

FELLOW A.I.E.E. 


. Ohio Brass Co., 
Mansfield, Ohio 


R 


RECORDS as well as operating ex¬ 
perience show that electric power stations may be 
subjected to a wide variety of transients. Although 
•in practise it is necessary to limit the magnitude of 
the transients which may cause damage to the equip¬ 
ment, it is desirable that any limiting device shall 
not function unnecessarily, thereby causing inter¬ 
ruptions. This is particularly true where a protect¬ 
ing gap is used that has not the ability to clear the 
line or prevent the flow of normal frequency current 
following discharge. This leads to the use of a 
limiting gap of relatively small time lag for transients 
of extremely high magnitude and steep front, in 

Based upon "Improved Type of Limiting Gap for Protecting Station Apparatus" 
(No. 32-60)'presented at the A.I.B.B. Great Lakes District meeting, Milwaukee, 
Wis., March 14-16, 1932, 


parallel with an arrester of greater time lag that will 
function for the many transients of lower magnitude 
without interrupting service. 

, It is exceedingly difficult to coordinate station 
insulation for the wide range of transients likely to 
be imposed, as the impulse flashover characteristics 
may be quite different as regards time lag and polar¬ 
ity, even though these characteristics be in close 
agreement at normal frequency. This is evident by 
reference to Fig. 1. 

Owing to difference in time lag, a high over-’ 
potential suddenly applied may cause one type of 
insulator to flashover, whereas a transient having a 
much lower crest value may cause another insulator to 
flashover. Furthermore, the difference between the 
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Fig. 1. Impulse flashover characteristics for 
different types of insulators 
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breakdown voltage for negative and positive tran¬ 
sients, respectively, may be quite large for bushings, 
bus insulators, and the internal insulation of trans-" 
formers and circuit breakers. A bus insulation or 
a disconnecting switch may have a high effective 
flashover voltage for a negative impulse, and a much 
lower value for a positive impulse; for some other 
piece of equipment the reverse may be true. In sta- 
'tion insulation therefore it is necessary to take 
into account not only the time lag in flashover, but 
the effect of polarity and oscillations as well. 

A lightning arrester or a limiting gap which will 
protect station insulation against overvoltage tran- 
„ sients long has been regarded of great economic 
importance. It is evident that if a gap or lightning 
arrester may be upended upon to protect the insula¬ 
tion in a manner similar to that in which a safety 
valve protects a boiler, it is possible to lower the 
level of insulation and thereby effect a material 
saving. To be fully effective, however, the limiting 
device must interrupt the discharge when the over¬ 
voltage is relieved, without interfering with opera¬ 
tion. 

Characteristics of Limiting Gaps 

Impulse flashover voltages for a simple type of 
gap formed by two 6 / 8 -in. rods are shown in Fig. 2; 
Fig. 3 shows the time lag characteristics for a 22-in. 
horn-gap. In considering the characteristics of 
these gaps, it may be noted that the flashover voltage 
tends to increase rapidly for short waves or for short 
time intervals. Since equipment needs protection 
most for severe direct strokes at or in the immediate 
vicinity of tjie station, many gaps may not afford 
the desired protection, although having an arcing 
voltage comparatively low for less severe impulses or 
those of longer duration. Also the characteristics 
of some gaps for positive impulses may be widely 
different from those for negative impulses. If there¬ 
fore the gap is to furnish efficient protection, it must 
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have characteristics corresponding to those of the 
insulation in parallel with it, both with respect to 
• polarity and to time lag. 

Impulse time lag characteristics for a typical 
bushing and several types of limiting gaps are shown 
in Fig. 4; to avoid confusion, curves for only one 
polarity are shown. In order to provide protection 
for the bushing having the characteristics shown in 
curye A, it may be assumed that the voltage limiting 
gap should flashover at not more than 90 per cent 
of A for all time lags indicated by curve B. The 
characteristic curve of the horn-gap shown as C 
has approximately the same shape as A, although it 
tends to depart somewhat for the shorter time lags. 
Reference to Fig. 3, however, shows that for that 
type of gap, the difference between positive and 
negative sparkover voltages is likely to be very large. 

Referring again to Fig. 4 it may be noted that 
curve D for the ring-gap intersects curve A at 
approximately 585 kv. For transients having a 
crest below 585 kv., the ring-gap will sparkover first; 
for transients having crest values above 585 kv., 
however, the ring-gap does not afford protection, as 
the bushing Vill sparkover first. Therefore if the 
ring-gap is set as high as possible so as to minimize 
unnecessary interruption for transients of lower 
crest and longer duration, it will afford little or no 
protection for severe overvoltages when most needed. 
To provide protection against these severe over-* 
voltages, the ring spacing and flashover. voltage 
must be materially reduced, thereby causing un¬ 
necessary interruptions. For example, the minimum 
flashover voltage shown in Fig. 4 for the ring-gap 
is approximately 400 kv., as against 520 kv. for the 
bushing; a further reduction in the flashover voltage 
of the ring-gap is necessary in order to provide pro¬ 
tection for high over-potentials. 

Curve E of Fig. 4 shows the characteristics of a 
sphere-gap of negligible time lag having the same 
minimum flashover voltage as the gap of curve B. 
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As the time of voltage applications is decreased, 
however, insulators and most equipment will with¬ 
stand mucfi higher impulses. It is desirable there¬ 
fore that the impulse flashover ^of the limiting gap 
be higher for short time lags. If a limiting gap 
having the rather uniform flashover characteristics 
of a sphere-gap as shown by curve E is used, un¬ 
necessary flashovers will result owing to the spark- 
over or the gap for the shorter time lags where the 
insulation can well withstand higher voltages. 
Characteristics of the sphere-gap may be modified 
materially by changing the relative sizes of the 
spheres with respect to each other and with respect 
to the gap spacing. As will be discussed later, 
this principle is made use of in the control type of 
gap to obtain the characteristic of curve A ', closely 
approximating the ideal characteristic curve B. 

Control Type of Limiting Gap 

A protecting gap will approach the ideal in so far 
■as the following can be carried out: 

1. It should be possible to control the time lag characteristics so 
that the gal) will afford protection over the range of transients likely 
$o be imposed. 

2. Negative and positive impulse breakdown characteristics of the 

protecting gap should correspond to that of the apparatus to be 
protected. ** 

3. Flashover voltage of the gap should not be lowered seriously by 
rain or surface contaminations. 

4. Means should be provided for changing the relative negative 
and positive flashover voltages, where it is desired to work within 
dose limits or to protect apparatus or insulation, the properties of 
which are not fully known. 

5. *It should be possible to change the time lag characteristics 
without materially affecting the minimum flashover voltage. 

6. Where discharge of the gap will cause a serious service inter¬ 
ruption, a fuse or other device should be used for clearing the normal- 
frequency current following discharge. 

7. The gap should not discharge under high frequency transients 
of comparatively low magnitude caused by switching or arcing 
grounds. 

A gap conforming to these requirements obviously 
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should have improved characteristics over types in 
general use in the past; development of such a 
gap is described in the following paragraphs. , 

A protecting gap using spheres of proper size in 
relation to the gap spacing and of unequal diameters 
to provide for the difference in negative and positive 
characteristics of the equipment protected could be 
iised to comply with requirements 1 and 2 just 
enumerated. However, the effect of water or other 
surface contaminations upon the flashoyer voltage 
of spheres would make it difficult to conform to 
requirement 3. Also the characteristics of fhe gap 
made in this way could not be changed easily and 
therefore would not meet the requirements 4 and 5. 

As the spacing of a protecting sphere-gap is in¬ 
creased to lengths well beyond the diameter of the 
spheres, the flashover voltage for a positive impulse 
will tend to be lower than for a negative impulse. 
This can be offset by using a larger sphere for the 
five terminal and a smaller one for the ground 
terminal. Where the electrostatic fields of the two 
terminals of the gap are of equal intensity, the flash- 
over will start from the positive terminal since a 
lower density is required to start discharge witji a 
positively charged electrode. Therefore by con¬ 
trolling the flux density at the surface of a gap 
'’terminal, it is possible to vary the discharge voltage. 
This principle is made use of in the newly developed 
limiting gap, one form of which is shown in Fig. 4. 
The control shields in the vicinity of the gap termi¬ 
nals can be moved forward or backward tG* change 
the field density and regulate not only the time lag 
but the difference in negative and positive sparkover • 
characteristics. 

Test results (see Fig. 5) show that the relative 
negative and positive flashover voltages of the pro¬ 
tecting gap may be controlled readily by changing 
the flux density of the positive arcing tip. Any 
screen or shield may be used to accomplish this. It ** 
is important, however, that the shield does not cause 
erratic performance by becoming one of the elec¬ 
trodes so that an arc will be struck between shields 
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Fig. 4. (Left) Comparative 
impulse flashover character¬ 
istics for various gaps 
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Fig. 5. (Right) Chart show¬ 
ing effect of insulated control 
screens upon arcing voltages 

of a 22-in. gap « 
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or between one of the tips and a shield. By using 
the insulated type of shield this difficulty is obviated, 
m €ve r n though the shields may be nearer together than 
the discharge points. This is particularly important 
In wet conditions or where the gap may be subjected 
t© high frequency oscillations, for in these circifin¬ 
stances a gap having bare me£al shields generally 
has a very low flashover voltage. Reference to 
Fig. 5 shows that control of the flux density of the 
discharge points by means of the insulated shields 
is quite effective in changing the relative arc over¬ 
voltage for negative and positive impulses. In 
addition it may be seen that the arcing voltage for a 
damped wave or oscillation compares* favorably 
with that for an impulse, thereby reducing un^ 
necessary discharges. 

The change in relative negative and positive 
impulse sparkover voltages that may be effected 
by changing the flux density on the electrodes with 
insulated control shields is shown by Fig. 6 as well 
as Fig. j5. Reference to Fig. 6 shows that the arcing 
voltage for a negative impulse is approximately 75 
per cent greater than for a positive impulse where the 
controlled screens have the same relation to the 
arcing tips, and where the control screens are well 
forward (C = 3 in.). Moving the control shield on 
the ground electrode back from the point of the gap" 
reduces the screening on this electrode so that the 
discharge will start at a lower voltage.for a given 
distance between terminals when the opposite termi¬ 
nal is negative. Moving the shield back on the 
ground side also reduces the flux on the live terminal 
. so that the arcing voltage for a positive impulse will 
be raised. For example, by increasing C to 9 in. 
and reducing the screening effect of the control 
shield ©n the ground electrode, the positive and 
negative impulse va'ues are brought in close agree¬ 
ment. Advancing the control screen on the live 
- side toward the gap opening has the same general 
polarity effect as moving the control screen on the 
ground side away from the gap opening. 


It is evident that the arcing voltage will be in¬ 
creased for a given gap spacing if the stress on the 
arcing tips is reduced by advancing Che control 
shields; this makes it possible to reduce the gap 
spacing and time Mg for a given flashover voltage. 
It necessarily follows that the characteristics of the 
gap may be changed materially, both as to time lag 
and the effect of polarity upon discharge voltage, by 
simply adjusting the control shields. As the pro¬ 
jecting insulated control screen is affected but little 
r by high frequency transients, it is possible to reduce 
the time lag without lowering the flashover voltage 
for waves of lower crest and long duration. In Fig. 
7 the impulse flashover values for waves of different 
attenuation are given for a control type of gap and a 
ring equipped suspension string, respectively. 

Control gaps of this type may be made in several 
different forms with plain shields or rings used in 
place of the insulated control screen. The latter 
has the advantage in that the gap does not have a 
low flashover voltage for oscillations and is affected 
but little by rain or conditions which may cause d. 
gap with a bare metal shield to be erratic. Other 
forms of gaps embodying the principles outlined in 
some cases may work out to much better advantage*. 

Conclusions 

Results of this study and development work indi¬ 
cate that: 

1. An ideal voltage limiting gap for station use is one wherein both 

polarity and time lag characteristics are capable of adjustment over 
a range t0 . allow protection of all apparatus in parallel 

with it for any transient wave form imposed upon the station. ' 

2. A form of limiting gap has been developed, making use of ad¬ 
justable electrostatic field controls for the gap electrodes This 
allows the breakdown characteristics of the gap both as to time lag 

arcing voltage for positive and negative impressed waves to be 
varied over a wide^ange so as to conform to the characteristics of 
the station insulation. 

3. The use of a control type of gap for limiting the severest tran- 
sients only, ana a lightning arrester for the remainder, undoubtedly 
will provide the best station protection and operation available at 
present. 



Gap Spotting to hehea. 


Fig. 6. (Left) Impulse flash- 
over characteristics for a 
shielded gap with different 
adjustments 
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Fig. 7. (Right) Comparative 
arcing voltages of protecting 
gaps With imputes of differ¬ 
ent attenuation 
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Interpretive abstracts of air 

F>a.pers which at the time of this issue are definitely 
scheduled for presentation at the A.I.E.E. Pacific 
Ooast convention (Aug. 30-Sept. 2, 1932) are pub¬ 
lished herewith. In response to popular demand 
and within its space limitations Electrical Engi¬ 
neering subsequently may publish certain of these 
papers, or technical articles based upon them. 

Members vitally interested and wishing to obtain 
a. pamphlet copy of any paper available in that form 
*5Hay do so by writing to the A.I.E.E. Order Dept., 
33 West 39th Street, New York, N. Y., stating title, 
author, and publication number of each paper de¬ 
sired. 


The Power System of the British Columbia 

Power Corporation, Ltd. E. E. Carpenter 1 


The SYSTEM LOAD of the British Columbia Power 
Corporation, Ltd., is concerned principally with lighting, domestic 
power, and small industrial power. With one exception no heavy 
contract load is carried. Owing to the seasoiJai and climatic in¬ 
fluences the load factors are inherently low, the annual load factor 
ranging for several years between 45 and 48 per cent, with little 
immediate prospect of improvement. The peak load on this sys¬ 
tem, during the middle of December, is 100,800 kw. 

The power supply for the system is derived principally from hydro 
sources although 3 steam plants are maintained for standby, emer¬ 
gency, and occasional peak service. The coastal region especially is 
favored in water power resources, although precipitation increases 
rapidly with altitudes any distance from the coast. Snow and ice 
oxx the higher elevations and dense forest growth ovef a large part 
of the area have a considerable effect on the power supply, while 
■the glacial structure and topography lend their aid to providing 
favorable dam sites and storage basins for regulation, a necessary 
and expensive part of all the developments. » • 

Details of the electric, hydraulic, and structural features of the 
principal generating plants of the system are described briefly in 
this paper, and the transmission and distribution system is sum¬ 
marized. (For presentation only; not scheduled for publication 
t>y the Institute.) 


Segregation of Hydroelectric • 

Power Costs W. S. McCrea, Jr.? 


mines the cost at any load factor. The above segregation of the 
annual production cost of power is essential in determining the power 
rates and the economic design of the production plants of an electric 
system. 

The usual hydroelectric power station is designed to utilize as 
much of the potential stream flow energy as is possible economically 
“With the type of load available. The annual costs of such a station 
having storage may be divided between those costs proportional 
to the generating capacity and those independent of the generating 
capacity. For use in the design of the station the energy available 
in the stream is fixed at some value, and is determined by the stream 
flow records.’ The energy cost of hydroelectric power from this type 
of station is the annual costs which are independent of the generating 
capacity divided by the useful stream flow energy. The demand 
cost is the annual costs which are proportional to the generating 
capacity divided by the power or kilowatts. This method of analysis, 
is applicable to the majority of hydroelectric developments. The 
nature of a hydroelectric station is such that the factors that fix. 
the cost of power are those which give an average cost over a period 
of years. 

^ The discussion in the paper is divided into 3 sections. The first 
section is a brief outline of the method used in segregating system 
power costs and the development of the fundamental cost items. 
The second section has to do with the segregation of the power costs 
of hydroelectric stations into their component parts; the methods 
of developing the components for different classes of hydroelectric 
stations are outlined. In the last Section the peculiarities? of hydro 
power are given and the method of determining an average cost of 
power for a hydroelectric unit or system is outlined. (A.I.E.E. paper • 
No. 32-112) 


The Reading Company’s Philadelphia 

Suburban Electrification g. 1. Wright* 


The ELECTRIFICATION of the Reading sflburban 
service in the vicinity of Philadelphia was first placed in operation 
July 26, 1931. The lines now under electrical operation include 65 
route miles and 157 track miles, which will be increased by January 
1, 1933, to 87 route miles and 203 track miles. These lines consist 
of 6 branches and cover all the suburban territory north of Phila¬ 
delphia, between the Schuylkill and Delaware rivers. 

Severe competition from automobiles, buses, a new subway, and. 
the Pennsylvania Railroad’s electrified lines had resulted in serious, 
loss of traffic and revenue to the railroad. The Reading Company 
was faced with the alternative of impairing the existing steam 
operation to reduce costs, or providing a modem superior electrified 
service. The latter policy was decided upon and electric operation 
has now been in effect over a year. In spite of a 20 per cent speeding 
up of schedules and an increase in trains and train miles of approxi¬ 
mately 100 per cent, the cost of operation is found to be substantially 
lower than for the service by steam in the same territory. The 
improved schedules combined with greater cleanliness and more 
attractive equipment have changed a steady loss m traffic into an 
appreciable increase. As a result, the railroad management recently 
authorized the electrification of the suburban service on its Norris- 


ThE PRODUCTION COST of electric power'is made 
ip of the power or demand cost per kilowatt and the energy cost 
uer kilowgtt-liour. The relative amount of each of these items 
which make up the total cost of power at the power station deter- 


jA-TJGTJST 1932 


town branch from Philadelphia to Norristown. 

The present paper describes the electrification, giving details- 

1. '^British Columbia Electric Railway Company, Ltd., Vancouver, B. C. 

3, Department of Public Works, State of Washington, Olympia. 

4. Reading Company, Philadelphia, Pa. ■■■„.* 
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of power supply, substations’, catenary structures, signal bridges, 
transmission lines, and catenary system, and rail return system. 
Considerable information is given also on the multiple unit cars, 
r ' together with motors Imd control. Interchangeability of apparatus 
was given special consideration during design, and many special 
features have been incorporated. (A.I.E.E. paper No. 32-109) 
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Electrical Operation 
on the Cascade Division of 

By 

the Great Northern Railway . j. b. Co*® 


• ELECTRIFICATION of the Great Northern Railway’s 
main line between Skykomish and Wenatchee, 73 route miles, was 
carried out in conjunction with the building of a new tunnel 7.79 
miles long, and the relocation of approximately 17 route miles of 
troublesome track and other minor improvements, aggregating an 
expenditure of approximately $25,500,000. Although all of these 
improvements were placed in operation at about the same time, 
making a direct comparison of operating expenses difficult, analyses 
which give a reliable comparison between the cost of steam and 
. electric operation over this part of the system have been made. 

Operating difficulties with this recent electrification, especially 
those occurring shortly after the equipment was placed in service 
early in 1929, are described in this paper. Some of these diffic ulties r 
were due to the condensation of moisture caused by the sharp changes 
in air temperature at the upper end of the tunnel and toward which 
the draft of air flowed. Other changes in the locomotives and 
control were found desirable and are described. 

Segregated operating costs with steam and electric operation are 
presented, and show that although the route miles with the present 
. electrified section are only 8.8 per cent less than the route miles 
* with the previous steam operated section, the total operating costs 
are reduced 57.3 per cent. Costs of the electrification also are 
presented. (A.I.E.E. paper No. 32-110) 


Theory of the 3-Wire D-C. Generator 
With 2-Phase Static Balancer lg. Cuiiwick® 


ANALYSIS of the theory of the 3-wire d-c. genera¬ 
tor using a 2-phase static balancer is presented in this paper with the 
particular object of explaining the very large unsymmetrical mag¬ 
netizing current peaks which occur in the balancer windings. These 
peaks are evidence of unsymmetrical flux variation attaining high 
values of flux density; and as their value may be equal to, or greater 
than, the total unbalanced current in the neutral wire of the system, 
they have a pronounced effect upon the r.m.s. value of the currents’ 
and therefore upon the heating, in the balancer phases. They also' 
cause marked pulsations in the terminal voltages of the machine. * 

These magnetizing current peaks are out of all proportion to the 
actual magnetic unbalance of the 2 phases on the balancer core; 
and the mathematical development shows that they are cumulative 
phenomena, analogous in a general way to the cumulative growth 
of field current in a shunt generator, and depending for their initiation 
upon only a very small magnetic unbalance of the balancer phases, 
and upon a normal maximum flux density which lies above the 

perfectly straight portion of the magnetization curve for the balancer 
core. 

■An expression for the e.m.f. induced in the balancer phases by the 
alternating flux in the core is obtained. From this are analyzed the 
conditions governing the cumulative growth of the current peaks 


5. General Electric Cojiioany, Erie, Pa. 

6. University of British Cc^umbia, Vancouver, B. C. 
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until a steady value is reached. It is found that any unbalance of 
the resistance of the balancer phases has a marked effect upon the 
phenomena, it being possible by the introduction of.a suitable un¬ 
balance to cause the peaks to reverse. If the resistances of the 2 
phases are kept equal, it is found that the value of the current peaks 
decreases with the increa& in the resistance of the balancer windings. 

These theoretical conclusions are verified by oscillograms, which, 
taken on an actual machine, clearly show the nature of the phe¬ 
nomena and their variation with the operating conditions of the 
machine. (A.I.E.E. paper No. 32-111) 


Metering of 

Symmetrical Components 


By 

R. G. Shuck 7 


CONTENTS of previous publications on metering of 
symmetrical components have been confined to the components of 
current and voltage in 3-phase 3-wire systems. This paper dis¬ 
cusses the method of metering the positive and negative sequence 
power and energy in 3-phase 3-wire systems, and positive, negatives. 
and zero sequence power and energy in 3-phase 4-wire systems. 
Networks are described which make it possible to meter these 
components simultaneously and separately. Tables are included 
showing the location and number of instrument transformers re¬ 
quired for each network. Equations involving the design of the 
impedances of the metering systems are given. 

In discussing the various metering systems, the possibility is 
suggested of metering large blocks of power at the alternator ter¬ 
minals with 1 wattmeter, a positive sequence network, 2 potential 
transformers, and 2 current transformers, used to replace 3 watt¬ 
meters, 3 current transformers, and 3 potential transformers. Also 
it is suggested that in relay and control equipment the components 
of power be utilized as well as the components of current and voltage. 
Where definiteness of action depends upon the amount of voltage 
available at the relay, positive and negative sequence components of 
pouter might be utilized in the relay. One relay using the balanced 
components of current and voltage will function regardless of which 
phase is short, circuited. 

A preliminary design of a complete set of network impedances 
necessary for simultaneous metering of positive and negative 
sequence power reveals that the equipment could be placed in a box 
having dimensions of less than 6x6x6 in. (For presentation only: 
not scheduled for publication by the Institute.) 


Shaping of Magnetization Curves 
and the Zero Error Current 
Transformer 


By 

A. C. Schwager® 
V. A. Treat® 


None of the methods previously available to improve 
transformers is capable of producing an important requirement of 
the power industry; namely, the high accuracy, high voltage, low 
ratio, bushing type current transformer operated at a high secondary 
burden. # However, iff analogy with the molecular theories of magne¬ 
tization, a method of shaping magnetization curves has been ad¬ 
vanced for securing constant permeability. Tests prove this method 
to be very effective and to result in a permeability which remains 
constant within fractions of one per cent over a wide ranee of in¬ 
duction. 5 6 

The method has been applied to the bushing or through type 
current transformer so desirable for the metering of high voltage 
transmission lines. For this type of transformer the exciting current 
of the core in the low flux density range of its normal operation has a 
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Ti fynUtipg-r characteristic. However, a much smaller core of varied 
cross-section, working at a higher flux density, can be made to have 
an py^ting current characteristic of almost exactly the inverse 
curvature and Similar value to that of the current transformer core. 

If a reactor with such a core be connected in parallel with a current 
tr ans former secondary, the total exciting current of the combination 
can be. brought to an almost exact linear relation with the secondary 
voltage or current for a considerable range of values. This linearity 
produces a like relation as to primary and secondary currents., The 
loss of secondary current due to the parallel reactor is restored by 
reducing the number of secondary turns to bring the transformer to a 
desired ratio, and the phase angle discrepancy is corrected by neu¬ 
tralizing the major part of the exciting current by the reactive 
current of a parallel capacitor. A parallel resistor has a similar .> 
effect but the sensitivity of the transformer to burden variations is 
increased. 

Current transformers with this auxiliary equipment (trans¬ 
former compensator) are adjusted for a fairly large burden, such 
as 50 voltamperes and 0.50 power factor. A variable loading burden 
(burden compensator) is placed in the secondary circuit so that a 
considerable range of external burden is possible without affecting 
the calibration curve of the transformer. 

A 115-kv. bushing type transformer with a silicon-iron core when 
thus equipped will give characteristic curves between 0.5 and 5 
amperes secondary current not exceeding variations of 0.001 in 
ratio correction factor and 10 min. of phase angle. Greater accuracies 
this are possible if required commercially. 

TTig h precision wound type current transformers also may be 
secured by this method at no substantial increase in cost or compli¬ 
cation of construction. In the same manner zero error potential 
transformers and watt-hour meters, relays with prescribed char¬ 
acteristics and linear electric circuits including ferro-magnetic cores, 
are easily produced. (A.I.E.E paper No. 32-116) •> 


applies whether the station is for a network or radial system. Cost 
analyses of factory assembled substation layouts show surprising 
over-all economy. (For presentation only; not scheduled for publi¬ 
cation by the Institute.) * 
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High Voltage 

Oil Circuit Breakers r. e. Rowley * 0 


^AeCHANICAL maintenance of high voltage circuit 
breakers is of -considerable importance to the successful operation 
■sf power systems. Experience obtained over a number of years has 
proved that in many ways existing equipment may be modernized 
and betterments provided by the operating engineer. 

Some of the problems which have been encountered in maintaining 
and rebuilding high voltage oil circuit breakers in connection with a 
modern and fast growing system are indicated in this paper. It has 
been found that high voltage circuit breaker maintenance may be 
improved materially with the use of available apparatus such as the 
t uning fork and equipment for securing travel-time curVes. In¬ 
formation obtained from such studies automatically will indicate 
whether improvements to the switchgear are necessary. 

In the paper, details of the changes made to existing equipment 
are discussed; these include improvements in the solenoid, safety, 
and venting, and various other mechanical changes to give greater 
current carrying and interrupting capacities. The economy of 
'’rebuilding obsolete switches has been proved. In many cases, the 
rebuilding of switches has cost considerably less than new switches, 
and subsequent performance has been quite satisfactory, as all 
operations have compared favorably with those of newer equip¬ 
ment. (For presentation only; not scheduled for publication by the 
Institute.) ° * 


Factory Assemblies 
in Substation Design 


By 

M. H. Hobbs* 


Designs and factory procedure for factory assemblies 
of medium voltage substations which may be applied to either net¬ 
work or radial distribution systems are described in this paper. 
These substations may be divided roughly into 2 principal classes, 
those for serving large individual power consumers and those for 
general distribution to a community of varied customers. In the 
latter may be included also substations in very large industrial 
plants and steel mills having their own generating and transmission 

systems. ... 

For so-called customer substations of the indoor type, the special 
requirements are usually limited space, low cost, safety, and sim¬ 
plicity. Metaldad switchgear offers an ideal factory assembly for 
the high voltage side of such an installation, occupying as it does the 
minimum floor space both for installation and for operating aisles. 
From the low voltage side of the transformers a mltal enclosed bus 
run is desirable, terminating in a metal enclosed structure with 
transformer and feeder air circuit breakers of either the draw-out 
type or the fixed type. In addition to the metalclad construction, 
truck type and cubicles are available in factory assembled con¬ 
struction. Customers’ outdoor substations, comprising mainly the 
high voltage switchgear and transformers, also are available in this 

construction. * . „ , 

Substations for general distribution differ from so-called cus¬ 
tomer’s substations largely in number of circuits, complexity of bus 
arrangement, and amount of meter and relay equipment used; 
otherwise similar apparatus may be used for both applications. 
Space may be at a premium on account of the larger amount of 
equipment to be accommodated, and in any case it is desirable of 

course that ground space cost be kept as low as possible. 

It is in the wholly outdoor form of substation that the greatest,, 
saving from the use of factory assemblies can be effected, since a 
further saving comes from the elimination of the building. This 

• _ * ___._______ " TV 
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Corona Loss Measurements for the Design of 
Transmission Lines to Operate By 
Between 220 Kv. and 330 Kv„ Bradley Cozzens 10 


During the summer and fall of 1931, measurements 
at the Harris J. Ryan Laboratory, Stanford University, o Calif., 
extended the range of corona loss data for conductor sizes beyond 
those investigated during 1930. In these latter tests the 3 conductor 
specimens studied were a 1.125-in. hollow copper cable, a 1.49-in. 
hollow copper cable, and a 2.0-in. hollow aluminum cable. The 
losses were measured on a 3-phase line 700 ft. long. Voltages as 
high as 600 kv. between lines were used. The conclusions obtained 
in these tests are summarized as follows: 

I. There are throughout variations in corona loss that result from causes at 
present unknown. These variations are of sufficient magnitude to be considered 
in the design of transmission lines and should be remembered when studying 
corona loss data. 

2 Further evidence proves that the die, grease, and other foreign matter 
existing on cables as received from the manufacturers greatly increase the 
corona loss, and that this loss can be partially eliminated by washing the cable 
with a solvent soap solution and thoroughly rinsing in water. 

3 The cleaning of the cable surface by scratch brushing only sUghtly lowers 
the corona loss below that which exists on a new cable properly washed. 

4 The polishing of a cable surface by buffing temporarily decreases the loss 
on the cable below that which exists on a new Cable properly washed. 

5 Dragging a clean cable a distance of V* “He increases the loss on the cable 
above that which is found on a washed cable,. but the loss is less for this con¬ 
dition than for the new, unwashed cable as received from the factory. 

6 The surface of clean washed cables that have been subsequently dragged 
ages rapidly, so that with a year of weathering the loss is practically the same 

as found on a new, washed, undamaged cable. 

10 department of Water & Power, City of Los Angeles, Calif. 

II. Stanford University, Calif. ' . 
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7. The surface produced by buff.ng ages rapidly, and as observed over one 
week's time showed a great variation in loss which was not regular but at times 
approached the loss value as found for the new, washed cable. 

8. The variation in corona loss as found on new, washed cables shows that the 
voltage shift for the same power loss on cables of different sizes is practically 
proportional to r log 5 /r, which is the factor in Et which is varied by dimen¬ 
sions. (Eo is the disruptive voltage, r the radius of the conductor, and S the 
Spacing.) 

9* Insulator loss if not considered may introduce an appreciable error in c'irona 
loss measurements at higfi voltages. The loss can be partially eliminated by 
properly shielding the insulator strings. r 

10. A completely transposed line 1,050 ft. long showed the same corona loss 
as the same length of I|ne untransposed. A horizontally spaced /ine showed a 
slightly higher loss than the same length of line with the equivalent triangular 
spacing. 

In addition to the description and discussion of results of these 
tests, the paper includes a description of the modifications in the 
high voltage wattmeter for these measurements. (A.I.E.E. paper 
No. 32-113) 


nating delays and errors inherent in the previous system of sending 
traffic over telegraph wires between the central office and the radio 
station. The development of short wave transmission also has 
greatly facilitated transoceanic radio service. Dtfe to the great 
number of stations operating on both long and short waves, it is 
necessary to maintain m&tns for monitoring the transmitters and for 
measuring the radiated frequencies with great accuracy. On the 
short waves, the frequency must be maintained within 0.05 per cent 
for old equipment and within 0.02 per cent for new equipment. 

Starting with 6 circuits in 1920, these have expanded to a total of 
54 circuits in 1932. During this period the number of messages also 
has increased greatly. Equipment necessary for this service of 
transmitting telegraph signals by modulation of radio frequency 
r power is described in detail in this paper. Central office equipment, 
transmitting equipment for both long waves and short waves, re¬ 
ceiving equipment, and frequency measurements are. covered. 
(A.I.E.E. paper No. 32-115) 


The Triple-Harmonic Circuit 
in 3-Phase Power Systems 


By 

T. H. Morgan 18 
C. A. Bairos 11 
G. S. Kimball 11 


Radiotelephone Experiments 
Over Short Distances 


By 

C. H. McLean 14 


# The IMPORTANCE of triple-harmonic voltages and 
currents in electrical power systems is generally recognized by 
engineers associated with the power and telephone industries. It is 
desirable to have some convenient method of representation and 
calculation of the triple-frequency effects in 3-phase power systems.* 

The path of the third-harmonic current is different from that of 
the fundamental current and for this reason the circuit can be 
considered as separate and distinct. The characteristics of the 
triple-frequency circuit as determined by laboratory experiment 
are given in this paper, and methods of measurement of the required 
quantities for accurate solution of the triple-frequency circuit are 
described. 

The results of an experimental investigation of the equivalent 
triple-frequency circuit as proposed by H. S. Osborne in 1915 are set 
forth. A typical simple 3-phase power network has been set up 
and the measured currents compared with computed values. Oscil¬ 
lograms are presented of voltages and currents with typical trans¬ 
former connections demonstrating the principles of operation of the 
circuit both for normal and abnormal excitation conditions. The 
effects of various types of connected loads are discussed with par¬ 
ticular attention to^the condition of triple-frequency resonance. 
It is shown that triple-frequency resonance occurs when the external 
capacitive reactance of the circuit is equal to the triple-frequency 
no-load impedance of the transformer. Resonance produces large 
triple-frequency currents and serious distortion of the line-to- 
neutral voltage of the system. (For presentation only; not sched¬ 
uled for publication by the Institute.) 


The Radio Plant of 
R.C.A. Communications, Inc. 


By 

H. H. Beverage ! 8 
C. W. Hansell 13 
H. O. Peterson 13 


RADIO in communication practise generally is associated 
with long distances over which physical plant is economically 
impossible. There are very few communities of appreciable size on 
the North American continent that are not linked up with the 
various^telephone networks. Exceptions are to be found in British 
Columbia and Alaska where the territory intervening between the 
isolated settlements and populated areas is of such rugged nature 
as to render impossible from the standpoint of economy, the use of 
the usual telephone facilities. 

Radio already successful over longer distance was adopted as the 
medium for providing telephone communication to the telephonically 
isolated centers lying within 600 miles north of Vancouver, B. C. 

Radio experimental work on frequencies between 1,500 and G,000 
kc. has been in progress during the last 3 years employing equipment 
pnfharily designed for air transport communication. The radio 
transmitter has an unmodulated carrier rating of 400 watts, employs 
quartz crystal control of frequency and is capable of complete 
modulation. The*receiver is of special design and includes the 
important feature of automatic gain control. 

In the early experimental work a boat completely equipped with 
the necessary power plant and 400-watt equipment, cruised up the 
coast as far as southern Alaska, and tests were conducted between 
the boat and a land station located at Lulu Island near Vancouver. 
Considerable data relative to field strengths, fading and skip effect 
of various frequencies were collected for various points within a 
radius of 600 miles from the shore station. Further work included 
additional experimental installations at Campbell River, Ocean 
Falls, and Prince Rupert. Campbell River, the most northerly 
point connected by telephone lines, is the connecting point for the 
Ocean Falls (210'miles) and Prince Rupert (400 miles) radio links. 
Commercial operation over the last l 1 / s years has proved the prac¬ 
ticability qf thi^form of communication, and it is believed that with 
the improved equipment now available, the expansion of this service 

32°114^ m ° re permaneirt basis is justified. (A.I.E.E. paper No. 
14. British Columbia Telephone Company, Vancouver, B. C. 


The Radio Corporation of America, through its sub¬ 
sidiary, R.C.A. Communications, Inc., operates a world-wide radio 
communication network between the United States and some 40 
foreign countries. The major terminals of this world system ate 
located at New York and San Francisco, with smaller centers at 
Honolulu, Manila, and Havana. The associated receiving and 
transmitting stations are located outside of these cities at various 
convenient distances. , : 

A system has been worked out whereby all operations are concen¬ 
trated in a central office at ea ch of these terminals, thereby elimi- 

tf* ^Pfrtechnii: Institute, Worcester, Mara. 

• A. Commumcafcojps, Inc., New York, N, Y. 
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^4iddle Eastern District 
to Meet at Baltimore 

T 

■h 


fil~ 

wilt 


HE next meeting of the Middle Eastern 
IM strict will be held, at Baltimore, Md., 
October 10-14, 1932, with headquarters in 
tlxe Lord Baltimore Hotel. A preview of 
^ attractions whicii the Baltimore meeting 
wilT offer is given by A. L. Penniman, Jr., 
of tlie Baltimore Section as follows: 

* ‘Tlie technical program will be of unusual 
interest, including a Joint session with the 
committee on insulation of the National 
^Research Council at which papers will be 
presented covering tire latest discoveries in 
dielectrics and the most recent developments 
of cable research. There will be papers on 
telephone cable covering the recent advances 
in. the design and manufacture of pulp 
. . , i ■ ted cable, as well as on the use of cable 
iephone distribution purposes, which 
be supplemented by inspecting the 
Breeze works of the Western Electric 
any, a modem telephone cable manu- 
ing plant. The electric power session 


will be of particular interest as it will cover 
the economic aspects of water power, the 
design and construction of the Safe Harbor 
hydroelectric plant with particular reference 
to the hydraulic turbines which were espe¬ 
cially designed for sustained efficiencies 
under variable head and at partial loads. 
There will be papers covering the 80-mile 
long, 230-kv. transmission line from Safe 
Harbor to Baltimore, the step-down station 
and the utilization of hydroelectric power 
in Baltimore trith an inspection trip to the 
dam site where the Kaplan turbines, step-up 
station, transmission line river crossing and 
other interesting details may be inspected. 

"Baltimore has much to offer visitors, not 
only in the development of industry but in 
the cultivation of art, literature, science, and 
engineering. In a little more than 2 cen¬ 
turies she has become one of the greatest 
manufacturing ports along our eastern sea¬ 
board but still retains the charm and culture 


One of the many points 
of interest which may 
be visited during the 
A.I.E.E. Middle East¬ 
ern District meeting, 
Baltimore, Md., Octo¬ 
ber 10-13, 1932, is 
shown above. ItisMt. 
Vernon Place, looking 
north, and contains the 
first monument erected 
to the memory of 
George Washington. 
It was a,gift from the 
French Republic 


which, with the aid of an ideal climate, 
developed from the inception of the province 
and produced such literary geniuses as 
Edgar Allen Poe, Sidney Lanier, Francis 
Scott Key, and James Ryder Randall of 
‘Maryland My Maryland’ fame. 

"The same courage and foresight which 
prompted Maryland to be the only one of 
the original 13 states to go through nearly 
the entire period of the Revolution 'as a 
separate and distinct sovereignty, then 
give to the federal government the territory 
now the District of Columbia and have its 
general assembly at Annapolis provide the 
necessary money for the completion t>f the 
federal buildings so that Congress might 
have a meeting place in the federal capital, 
also prompted the formation of the first 
gas-light company in 1816, and some 12 
years later the starting of the first steam 
. railroad in America and thereby laid the 
foundation of the fortune which was some 
half-century later to furnish the funds for 
the Johns Hopkins University, making 
possible incalculable contributions to science 
by such men as Rowland, Remsen, and 
Wood, and providing a fertile field for the 
rapid growth of the engineering school 
during its 20 years of existence under the 
able guidance of Whitehead, and Kouwen- 
hoven. Peale’s Museum where the first gas 
lighting was installed and the Mt. Clare 
station from which the Baltimore and Ohio 
Railroad dispatched its first train and 
which on that historic day in May nearly 
90 years ago received the first telegraphic 
communication in the world are both places 
of more than usual interest, as are the Flag 
House, where Mary Pickersgill made the 
American flag which waving over Fort 
McHenry inspired Key to write our national 
anthem, and the home of Charles Carroll, 
signer of the Declaration of Independence, 
which, splendidly preserved, is now a part 
of the Hopkins building group. 

"A sightseeing trip and tea for the ladies 
will take them to Annapolis, the capital of 
the State for nearly 300 years, where 
General Washington surrendered his com¬ 
mission as commander-in-chief of the Con¬ 
tinental Army, still retains the delightful 
atmosphere of colonial days. The old 
senate room has been preserved as it was 
when the continental congress met there 
while Annapolis was the nation’s capital. 
Tiring William’s School founded in 1696, 
now St. John’s College, is the third oldest 
institution of learning in the country, and 
was one of the first free schools in the 
colonies. Here is located the United States 
Naval Academy, in the crypt of whose 
chapel lies the remains of John Paul Jones, 
and here also is the flag which has given 
the Navy its watchword, ‘Don’t give up the 
ship.’ 

‘‘The Baltimore Section urges you to come 
to the meeting in October with the assurance 
that you will find an unbounded hospitality,” 
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Last Call for the 
< Pacific Coast Convention 

. Interest now is centered upon the < 
next major event o^the Institute’s program; < 
namely, the Pacific Coast convention to be i 
held this year at Vancouver, B. C., August i 
30 to September^, 1932. Details of this 1 
convention were published in Electrical i 
Engineering for July 1932, p. 518-9, and < 
abstracts of all technical papers which at i 
the time of publication of this issue were i 
definitely scheduled, are given in this issue, i 
p.583-6. I 

Combined with the unusual entertain- c 
ment features available in the region in such i 
abundance and variety as to appeal to the 
“vacation” ideas of every man, woman, 
and child, the technical program and more 
formal features of the convention should i 
attract a large registration. I 


Changes Made in Fees for 
Registration and Entertainment 

Of no little interest to those planning to 
attend the convention are the changes 
which have been made in fees. There will 
be no registration fee for the convention. 
Entertainment tickets, however, which 
cover the dance after the president’s 
reception on August 30, the boat trip on 
August 31, the dinner on the boat, the 
banquet on September 1, and, in the case 
of the women, the bridge tea on September 
2, will be available at the following rates: 

Members and men guests.$6.00 per strip 

Women... 6.00 per strip 

Students. 2.60 per strip 

Tickets for separate items will be available 
for men, women, and students. 

This new information regarding fees 
supersedes, that given in Electrical 
Engineering for July 1932, p. 518. 

Exchange Rates*Favor 
United States Currency 

Consideration should be given by all 
persons from the United States attending 
the convention to the present rate of ex¬ 


change betwe^p. United States and Canadian 
currency. Persons from the United States 
may effect a net # reduction of 15 per cent 
in the effective amount of expenditures on 
the Canadian side of the border by making 
an exchange from United States, into 
Canadian currency at an established bank¬ 
ing institution cover&g expenditures which 
will likely be made in Canada. United 
States money presented in Canada for 
payment of bills is accepted dollar for 
dollar without reference to the ex chan ge 
rate which now favors United States credit. 


A.I.E.E. Directors Meet 
During Cleveland Convention 

The regular meeting of the board of direc¬ 
tors of the American Institute of Electrical 
Engineers was held at the Hotel Cleveland, 
Cleveland, Ohio, on Wednesday, June 22, 
1932, during the annual summer convention 
of the Institute. 

Present were: President —(2. E. Skinner, 
East Pittsburgh, Pa. Past-president— W. S. 
Lee, Charlotte, N. C. Vice-presidents — 
H. V. Carpenter, Pullman, Wash.; H. P. 
Charlesworth, New York, N. Y.; L. B. 
Chubbuck, Hamilton, Ont.; W. E. Free¬ 
man, Lexington, Ky.; W. B. Kouwenhoven, 
Baltimore, Md.; T. N. Lacy, Detroit, 
Mich.; I. E. Moultrop, Boston, Mass.; G. 
C. Shaad, Lawrence, Kans. Directors —A. 
E. Bettis, Kansas City, Mo.; A. B. Cooper, 
Toronto, Ont.; B. D. Hull, Dallas, Tex.; 
J. Allen Johnson, Buffalo, N. Y.; A. E. 
Knowlton, New York, N. Y.; A. M. Mac- 
Cutcheon, Cleveland, Ohio; F. W. Peek, 
Jr., Pittsfield, Mass.; C. E. Stephens, New 
York, N. Y. National treasurer —W. I. 
Slichter, New York, N. Y. Acting national 
secretary —H. H. Henline, New York, N. Y. 

Present by invitation were: Past-presi¬ 
dents —Paul M. Lincoln, Ithaca, N. Y.; 
Charles F. Scott, New Haven, Conn. Offi- 
cers-elect— K. A. Auty, Chicago, Ill.; G. A. 


Kositzky, Cleveland, Ohio; A. H. Lovell, 
Ann Arbor, Mich.; E. B. Meyer, Newark, 
N. J.; A. C. Steve is, Schengctady, N. Y. 

The minutes of the directors’ meeting of 
May 20,1932, were approved. 

A report of a meeting of the board of ex¬ 
aminers held June 15, 1932, was presented 
and approved. Upon the recommendation 
of that board, the following actions were 
taken upon pending applications: 3 appli¬ 
cants were transferred to the grade of Fel¬ 
low; 7 applicants were elected to the grade 
of Member and 30 were transferred to the 
grade of Member; 62 Associates were 
elected; 54 Students were enrolled. 

Approval by the finance committee, for 
payment of monthly bills amounting to 
$42,808.20, was ratified. 

For the purpose of stimulating more 
prompt payment of membership dues by the 
mailing of dues notices at shorter intervals, 
after May 1, 1933, Section 18 of the By- 
Laws was amended by replacing the second 
and third sentences with the following: 
"On August first, November first, and Feb¬ 
ruary first, notices shall be sent to those-<?''' 
maining in arrears, the February first notice 
to be accompanied by a copy of this section 
of the By-Laws.” 

Resolutions were adopted, expressing the 
directors’ appreciation of the services of the 
Cleveland convention committee and its 
subcommittees. ^ 

Various recommendations adopted at the 
conference of officers, delegates, and mem¬ 
bers on June 20 and 21 were considered and 
referred to appropriate committees already 
in existence or to be appointed; and ap¬ 
proval was given to a recommendation, that 
the Districts be requested, when planning 
Districts meetings, to consider the forma¬ 
tion in each case of a subcommittee of the 
general convention committee to coordinate 
all phases of student participation in tin* 
convention activities, and to schedule a 
student session which will not conflict with 
any of the technical sessions, inspection 
trips, or other events of the convention; or 
in lieu thereof, to consider scheduling one or 
more student papers in the programs of the 
main technical sessions. 

Other matters were discussed, reference to 
which may be found in this or future issues 
of Electrical Engineering. 





Gmmtw room (l<(0 and eonfeol room (right) in the Ruskin power plant of the British Columbia Power Corooration UA 
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Convention Sports Trophy 
Information Completed 

Supplementary information and a cor- # 
rection are presented here to bring correctly* 
up to date the listing of winners of A.I.E.E. 
summer convention sports trophies given on 
p. 521 of Electrical Engineering for 
July 1932. The name of L. F. Deming 
(A’ll) of ‘Philadelphia, Pa., permanent 
winner of the first Mershon golf trophy 
was misspelled in last month’s report. 

Concerning the Mershon tennis trophy it 
should be recorded that the first trophy 
was offered for competition at the 1923 
summer convention held at Swampscott, 
Mass., and was won in that year by J. P. 
Nikonow (M’18) of New York, N. Y. In 
1925 the cup was won permanently by G. A. 
Sawin (M’13) East Pittsburgh, Pa., who 
also had won the tennis tournament of 


1924. In 1926 Past-President Ralph D. 
Mershon made available a second tennis 
trophy which was won in that year by 
L. B. Chubbuck (M’26) of Hamilton, On¬ 
tario, Canada. 

These additional data together with a 
correction in the present address of Mr. A. J. 
Gowan make the following list of Mershon 
tennis trophy whiners coiyeet according to 
present Institute records: 

* 

First Trophy 

1923— J. P. Nikonow, New York, N. Y. 

1924— G. A. Sawin, Eas£ Pittsburgh, Pa. 

1925— G. A. Sawin, East Pittsburgh, Pa. 

Second Trophy 

1926— L. B. Chubbuck, Hamilton, Ontario, 
Canada. 

1927— G. A. Sawin <M*13) Hast Pittsburgh, Pa. 

1928— P. H. Hatch (M’29) Stamford, Conn. 

1929— A. J. Gowan (A’23) Rock Island, Ill. 

1930— E. F. Lopez (M'18) Mexico City, Mex. 

1931— J. K. Peck (A’27) New York, N. Y. 

1932— R. A. Monroe (A’30) Pittsburgh, Pa. 


American Tentative Standard 
• for Engineering Abbreviations Adopted 

Bringing to a close a preliminary New York, N. Y.; S. INfcK. Gray, Elec- 
period of several years of effort, the sectional trical Testing Laboratories, New York, 
committee on scientific and engineering N. Y.; W. T. Magruder, professor of 
symbols and abbreviations of the American mechanical engineering, The Ohio State 
Standards Association recently made a final University, Columbus, Ohio; Dr. W. N. P. 
report to that Association embracing an Reed, assistant editor, Engineering and 
American Tentative Standard specifying Mining Journal, McGraw-Hill Publishing 
and governing the use of abbreviations for Company, Inc., New York, N. Y.; H. E. 
scientific and engineering terms. This Ruggles, Westinghouse Electric & Manu- 
tentative standard is strictly an editorial factoring Company, East Pittsburgh, Pa.; 
specification listing more than 200 abbre- working under the chairmanship of 
viations considered as acceptable for use G. A. Stetson, editor, The American 
in the preparation of technical manu- Society of Mechanical Engineers, New 
scripts, setting forth 8 practical rules York, N. Y. Officers of the A.S.A. sec- 
governing the use of such abbreviations in tional committee on scientific and engi- 
text matter. In this initial list of abbrevia- neering symbols and abbreviations indude 
tions the committee has induded only the J. F. Meyer, Bureau of Standards, Wash- 
terms in most common use. • ington, D-, C., chairman; S. A. Moss, 

The tentative standard as it now stands, General Electric Company, West Lynn, 

. with its list of abbreviations and its rules Mass., vice-chairman; P. S. Millar, Elec- 
governing their use, has been accorded trical Testing Laboratories, New York, 
official approval by the A.I.E.E. and also by N. Y., secretary; and S. McK. Gray, 
the Am erican Association for the Advance- assistant* secretary. The executive, com¬ 
ment of Science, the American Society of mittee of the A.S.A. sectional committee 

Civil Engineers, the Society for the Pro- indudes J. F. Meyer as chairman and S. A. 

motion of Engineering Education, and Moss as vice-chairman; also Dr. A. E. 
The Amer ican Sodety of Mechanical Ketujelly, JHarvard University, Cambridge, 

Engineers. It is expected that these Mass., representing the American Associa- 

sponsoring organizations will bring into tion for the Advancement of Sdence; H. N. 
conformity with the standard list the Davis, Stevens Institute of Technology, 
abbreviations now used in their respective Hoboken, N. J., representing The American 
publications, and from time to time will Sodety of Mechanical Engineers; and C. 
contribute to the extension of the standard M. Spofford, Boston, Mass., representing 
list by the addition of further mutually the American Society of Civil Engineers, 
agreeable abbreviations. In sanctioning • 
these abbreviations, each sodety authorized * 

those falling within the sphere of its pro- Rules Given 

fessional activity, recognizing at the same • . . • 

time the other abbreviations as authorized To clarify a necessary distinction, the 
by the other organizations. Controversial committee has ruled that: . 

abbreviations were omitted from the list A symbol is a letter or sign used in a 
subject to subsequent settlement. formula as a substitute for any numerical 

The subcommittee of the sectional com- value. A shortened expression for a name 
mittee that carried on the research in or a unit is an. abbreviation and not a sym- 
abbreviations for sdentific and engineering bol. Concerning the use of abbreviations, 
terms includes* G. F. Bateman, professor the . committee’s recommended standard 
of mechanical engineering, Cooper Union, specifies that: 
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1. Abbreviations should be used sparingly in text 

and with regard to the context and to the training of 
the reader. Terms denoting units of measurement 
should be abbreviated in th^text only when pre¬ 
ceded by the amounts indicated in numerals; thus 
"several inches," "one inch,” "12 in." In tabular 
matter, specifications, maps, drawings, and texts 
for special purposes, the use of abbreviations 
should be governed only by the desirability of con- » 
serving space. a 

2. A sentence should not begin with a numeral 
followed by an abbreviation. 

3. Short words such as ton, daj}» and mile should be 
spelled out. 

4. Abbreviations should not be used where the 

meaning will not be clear. In case of doubt, spell 
out. *> 

5. The use of conventional signs for abbreviations 
in text is not recommended; thus "per," not 
/; "lb." not #; “in.,” not.” Such signs may be 
used sparingly in tables and similar places for 
conserving space. 

6. The committee indorses the movement which 
was begun by the international committee on 
weights and measures in omitting the period in 
abbreviations of metric units and further indorses 
the growing tendency toward the omission in 
abbreviations of other origin. In the interests of 
economy and the reduction of waste, the elimination 
of the period is recommended except where such an 
omission results in an English word? Exceptions to 
this practise will be found in a few mathematical 
and chemical terms, such as tin, tan, log, As, etc. 

7. The letters of such abbreviations as A.I.E.E. 
should not be spaced (not A. I. E. E.). 

8. The use in text of exponents for the abbrevia¬ 
tions of square and cube and of the negative 
exponents for terms involving "per" is not recom¬ 
mended. The superior figures usually are not 
available on the keyboards of typesetting and 
linotype machines, and composition therefore is 
delayed; also there is the likelihood of confusion 
with footnote reference numbers. These shorter 
forms are permissible in tables and sometimes are 
difficult to avoid in text. 

Principal cfianges that may be noted in 
the tentative standard list of abbreviations 
include the elimination of practically all 
periods from abbreviations, and shorter 
forms of some otherwise common abbrevia¬ 
tions. As new material is set up for, subse¬ 
quent publication in Electrical Engi¬ 
neering and other A.I.E.E. publications, 
such abbreviations as are used will be 
brought into conformity with the tentative 
standard list. 

r 

Permissible Abbreviations 

In conformity with the A.S.A. tentative 
standard, the following partial list indijpates 
the style of abbreviations recommended 
by the A.I.E.E. publication committee for 
use in I ns titute manuscripts and publica¬ 
tions: 


Acre-foot..... 

Alternating-current (as adjective only). 

Ampere... 

.. w. acre-ft 

. amp 

Ampere-hour. 

Antilogarithm... 

Average.. 

.... amp-hr 
.... antilog 

. bbl 


.B4 





Candlepower.. 

Centigram.... ... .. 



. .. . cir mils 


Cologarithm.... 





Cotangent,....... ..... 

Coulomb............ 

Counter electromotive force... 

.. . spell out 
.counter emf 


Current density.. ....;. 

Day......... 

Decibel.,.. .. 

.. . spell out 
... spell out 
.. ...... db 

* 

* o 
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Degree;..... T..deg 

Degree (angular measure)... ° 

Degree Centigrade.deg C 

Degree Fahrenheit. . . . ...deg F 

Diameter.diam 

Direct-current (as adjective only). .d-c 

Efficiency. eff 

*■ Electric.. elec 

“ Electromotive force.... emf 

Elevation. el 

Engine. eng 

Engineer. engr 

Engineering... engg 

Equation. .0 ..eq 

Farad.spell out 

Foot. .ft 

Foot-candle... ft-c 

Foot-pOund. ft-lb 

Gallon...gal 

Gallons per minute.gpm 

Gallons per second. gps 

Grain..spell out 

Gram. g 

Gramrcalory... g-cal 

Henry. h 

Horsepower.hp 

Horsepower-hour. hp-hr 

Hour. hr 

Hyperbolic sine.sinh 

Hyperbolic cosine.cosh 

Hyperbolic tangent. tanh 

Inch.. ........... in. 

Joule..?... j 

Kilocycle. kc 

Kilogram.. kg 

Kilometer. km 

Kilovolt. kv 

Kilovolt-ampere.....kva 

Kilowatt. kw 

Kilowatthour.'.kwhr 

Lambert. L 

Logarithm (common).log 

Logarithm (natural). log* 

Lumen.. 1 

Lumen-hour..1-hr 

Lumens per watt..... lpw 

Magnetomotive force. mmf 

Mass, .p, ..... *.spell out 

Megohm....'....... .spell- out 

Meter. . . m 

Mho. .....spell out 

Microampere. ,/ta 


SSs':;;::::;;:;:: .“W*** should be available to those 

Micron....... 7777 !Vji wishing to go into design work. 

Microwatt............. — . MW A. E. Knowlton (New Yo?k, N. Y.) in his 

. spe11 0U u discussion of subject urged generous 

Miiiiampere. . .7" .7.7. .7.". *. 7.7.".". *. *",".". * * 7". ,?ma r 8U PP°ri: of Dean Lovell’s plea that the 

Millifarad.. m f electrotechnical content of the curricula be 

Milligram..;.. mg surveyed, but at the same time he warned 

Milhhunbert.*.'.’.' ‘.'.' ‘ .*.7'' V ' .mL against P kdn S too much emphasis on 

Milliliter..7777 ml statistical data. With regard to reversion 

Milimeter.mm to fundamentals and the elirpination of 

.W. mM specialization, two solutions were offered. 

Millivolt .V.V.". ’.'.'.'.‘. ‘. ‘. ’.'.'. ‘. ‘ ‘ ‘. '. spp . . mv 0ne of 111686 suggested a review of the 

Minute. ........^ _ .............. min content of. fundamentals with a test of 

Minute (angular measure).. ' every item for its broad applicability over 

tte ||oierange ot energymagBitudesand 

Ohnj-centimeter__ ohm-cm cuverSmed applications; those phenomena 

Ounce.. .....oz and principles having the widest range of 

diff^me - .:::::::::::::::::::S1 Zl adaptabmty + to ^f” cal ^ouid 

Pou nd ......77. ...lb appear most entitled to be ranked as 

Pound-foot. ib-ft fundamentals. The other solution sug- 

Powerfactor..spell out gested that more stress be placed upon 

Reac^e kilovolt-ampere. .'777! functional significance of electrical phe- 

Reactive volt-ampere.rva nomena and the physical equipment devised 

Revolutions per minute.. rpm to exploit them. The “horizontal” char- 

rr ond .^ acler of such a set-up would give the subject 

Secan t.sec flatter a bearing upon every branch of 

Second. 7... 7 7 sec art involving an exercise of those functions. 

Second (angular measure).' Another discussion by D. C. Jackson, Jr. 

(Lawrence, Kansas) brought out recent 

Squarefoot......................Vsq ft c h a n ges made in the electrical engineering 

Square root of mean square.rms curricula of both the University of Kanffps 

Ton 8 ? 0 . 1 .'.'.'! 7 ',7 •••*• ••••••••• v •••• — • • tan an( j Kansas State College. The former now 

Ton-miie. 777...!. 77......!....... spell out ^ a Sr eater number of hours given over 

Versed sine.... vers to fundamental course in electrical engi- 

. v neering, while the latter has increased the 

Volt-coulomb..'‘'.'.'.'.'.'.'. ‘ ‘.‘7.. spell out number of hours for electronics, making it 

Watthour........ w hr a required rather than an elective course. 

Watts per candle.... .wpc These changes tend to substantiate the 

'... 81)611 ou J trend indicated by Professor Lovell in his 

vear7'7!7777777777777777\yr p^ 61 * 

r Another view of this subject from the 

. point of industry was presented by W. W. 

> Lewis (Schenectady, N. Y.), who explained 

that graduates ultimately were absorbed 

QiimmsNvJ D_,' ... r through 3 main channels: large manu- 

oummarizea I\€VICW Or facturing companies; large public utilities; 

. and small manufacturing companies, public 

Some Cleveland Convention Discussions Utilities, and industrial plants. The first 2 

11 groups maintain more or less extensive 

training courses and require broad tr aining 
in fundamentals; but the latter group re- 
and to show him into what the various quires in addition specialized training to fit 
branches of the electrical engineering pro- the graduate for immediate usefulness, 
fession will lead him. The necessity for a Since very few students know until just 
successful administrative engineer to take before graduation in which group they will 
a broad view of any situation, and his be employed, Mr. Lewis believes that it is 
ability to set forth his ideas in a logical and obviously necessary to give all students the 
convincing manner, were emphasized as broad fundamental courses plus a number 
important characteristics. He %ugg«sted, of specialized courses. He agrees tha t the 
too, that the story of obstacles surmounted subject of electronics is becoming increas- 
and of the men who contributed to this ingly important and that practically all 
successful development of the various steps of the courses listed in Tables I and II of 
both from a strictly engineering angle as the paper were desirable, with the exception 
well as from the commercial point of view, of those on surveying and foreign languages, 
would serve as a helpful background. Still another view from industry wa3 

E. E. Hellmund (East Pittsburgh, Pa.) contributed by L. F. Morehouse (New York, 
called attention to the lack $>f training ill N. Y.). He questioned whether all of the 
the mechanical features of machine design required work should not be given in truly 
and engineering materials as shown uj Table fundamental 'courses in which the broad 
II of the papa:. He stressed the .point that fundamentals would be illustrated from 
all componoit parts of electrical machines „ every phase of electrical en^neering. If 
and apparatus present mechanical,problems this should be itapracticai it was suggested 
and that the greater part of the work of that required cburses other; than those 
electrical design engineers has to. do with designated as ' ‘fundamental” should ltaye 
the mechmiical pha^. He believes that a more general content and be more widely 
sobie of the time now devoted to heat, illustrative of modem electriCal engineering 
power, and hydrauKcs should be devoted to in its broadest appUcatibn,’ : v r i : ! ’ - 
mechanical design and* engineering mate- t,. W. W. Morrow (NeW jrcrk, N; Y.) 
rials; at least, he believes good courses on ably discussed tbe subject of technical 


rRINClPAL discussions of the Cleveland 
convention papers are stunmarized here¬ 
with. The papers to which these discus¬ 
sions refer were abstracted in Electrical 
Engineering for June 1932, p. 405-13. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules is 
stunmarized. Complete discussion, together 
with all approved papers, will be published 
in the Transactions. 


The Engineering Subjects 
in the College Program 


S. M. Dean (Detroit, Mich.) discussed 
this subject with the view that an increas¬ 
ingly large proportion of engineers eventu¬ 
ally get into administrative positions. He 
agrees, however, than any electrical engi¬ 
neer must have a basic tr aining in the 
fundamental concepts. Referring to Table 
I of the paper/he would include in the first 
prescribed group the fundamental courses 
as well as transmission and distribution; 
also electronics. He also suggested that a 
rather wide range of the more specialized 
subjects should be offered as electives to 
determine the “natural bent” of the student 
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education, calling attention to the need for ~ 
or. gin faring courses to keep abreast of the 
rapidly changing art. An analysis of Table 
I of the paper quickly raised a number of 
pertinent questions which indicated the 
variation in hours devoted to fundamentH 
courses, the lack of correlation between 
fundamental course hours and additional 
required or elective hours, the specialized 
courses consistently taught, and the lack 
of course? such as dectrochemistry and 
dectronics. Upon analysis, such data 
showed very vividly an antiquated, super¬ 
ficial, and cumbersome content for the 
+w4mical engineering courses. The next 
step in this discussion, based upon Mr. 
Morrow’s broad experience and extensive 
contacts, showed briefly but valuably what 
problems confront practising engineers of 
today. In condusion, the following recom¬ 
mendations were made relative to the tech¬ 
nical content of college courses: (1) Stick 
to theoretical principles and apply them to 
all current engineering applications; (2) 
eliminate the old, the standardized, and the 
obsolete principles and applications, and 
replace them with new and live theories and i 
applications; and (3) do not specialize in 
terms of arbitrary and artificial Add divi¬ 
sions of engineering, but require all students 
to to* 1 * 1 ; the same fundamental course with 
a few dectives in specialized theory instead 
of practise. 

A. E. Silver (New York, N. Y.) also dis¬ 
cussed this subject, and was of the opinion 
that natural ability justifying a 4-year 
course should be devoted primarily to the 
laying of a foundation—learning the princi¬ 
ples of accomplishment by effectivdy 
directing the forces at hand, acquiring the 
trait of making one’s knowledge available 
and of value to others, and finding one’s 
natural sdf—leaving specifications largely 
to graduate work and one’s later initiative 
and experience. 

Educational Aspects of 

Engineering and Management 

R. E. Hdlmund (East Pittsburgh, Pa.) 
discussed this subject and emphasized par¬ 
ticularly the point that enthusiasm over 
the fact that engineering education had 
turned out personnd suitable for industrial 
management, should in no way lead to a 
diminution of the technical engineering 
phase of the undergraduate program. It 
was pointed out that although only 25 per 
cent remain in technical work after the age 
of 40, the majority soon after leaving 
college are called upon to carry on technical 
engineering. He advocated that rather 
than chang e the undergraduate courses, 
managerial training should be given in the 
various postgraduate programs. 

D. C. Jackson, Jr. (Lawrence, Kan.) also 
discussed this phase of the subject and it 
was his belief that engineering training 
would continue to be valuable for mana¬ 
gerial duties in industries based up6n 
engineering. With students, there might 
be a trend toward business courses, ad¬ 
ministration or management, but it ap¬ 
peared doubtful whether such courses of 
study could provide so satisfactory a train¬ 
ing as do engineering courses. 

Another discusser, E. E. Johnson (Sche¬ 
nectady, N. Y.), related a number of in¬ 
stances where men who have demonstrated 


The Engineer 


He IS THE master of the Laws of Nature. 
On a sound foundation of mathematics/ 
science, and economics,! he bends the 
materials and forces of Nature to his plan 
and rears die structure.of civilization. 

With vision, resourcefulness, # and in¬ 
genuity, he labors to increase the comfort, 
wealth, and safety of his fellowmen. 

He attacks his problems with the vision 
of the pioneer, die integrity of the scientist, 
the accuracy of the mathematician, the 
practicality of the business man, thfc re¬ 
sourcefulness of die* inventor, and the 
courage of the conqueror. 

He is the planner and builder. He 
builds his visions into enduring realities. 

He is the pathfinder of civilization. He 
breaks down the barriers, bridges chasms, 
establishes communication, and straightens 
the way for commerce and human progress. 

He is the protagonist of efficiency. He 
reduces the effort, eliminates waste, and 
increases production. 

He is die creator of a Nation's wealth. 


He drains the swamps, reclaims the deserts, 
develops resources, and harnesses power. 
He builds die machinery of industry, the 
wheels of commerce, and the structure of 
business. 

He is the great coordinator. He plans 
and directs the construction of projects 
representing the investment of millions of 
dollars and the labor.of thousands of,men. 

He investigates with open mind, and 
gets the facts before he makes decisions. 
He plans with thoroughness and builds 
with fidelity. 

To his rich heritage from the labors of 
past generations of engineers and scien¬ 
tists, he adds his contributions. He con¬ 
tinues the work of forcing outward the 
challenging barriers that separate Man’s 
efforts from the impossible. 

By D. B. Steinman, President of the New Vork 
State Society of Professional Engineers, and Past- 
President of the American Association of Engineers. 
Reprinted from "The American Engineer” for February ; 
1932. 


a high order of technical leadership gradu¬ 
ally came into positions of technical man¬ 
agement. He did not feel that inclusion of 
a fundamental technical background in 
engineering curricula would detract from 
the field of management. 

Reliability an® Economy in the 
Operation of Large Electric Systems 

This subject was introduced very com¬ 
prehensively by the presiding officer, F. H. 
Hollister (Chicago, Ill.), who told of the 
oiigin and objective of the symposium. 
He pointed out that each district had its 
own peculiar problems and that there were 
scarcely 2 alike. For example, Philadelphia 
with a major hydroelectric connection was 
contrasted to Chicago with no hydroelectric 
connection of any great importance. Each 
paper viras believed to present a method of 
determining how each of the respective 
metropolitan systems with its particular 
characteristics is operated to secure maxi¬ 
mum reliability and economy. In each 
insAnce* however, the goal is reached in a 
different manner by devious paths that 
rarely cross but it is believed that each 
system with its scheme of operation has 

ample backing and justification. 

One of the interesting phases of a discus¬ 
sion by R. L. Thomas (Baltimore, Md.) 
jreiated to the essentiality of accurately 
forecasting ^future loads under .present 
economic conditions. It is his belief that 
under present conditions, any forecaster 
who predicts loads for even a year or 2 in 
advance, with an error of only 2 or 3 per 
cent, may consider hims e lf fortunate. 

j. R. Baker (Baltimore, Md.) in his dis¬ 
cussion summarize^ indications in . the 
papers which related to interconnections. 
Apparently they were not producing the 
• widely connected geographical power 
L , scheme forecast by some of the early pro¬ 


ponents. The true function of intercon¬ 
nection seemed to be of a supplementary 
nature, and the papers tended to show that 
the main refiance for power supply in any 
load area would continue to reside in power 
stations adjacent to the load. 

Another discussion by C. M. Gilt 
(Brooklyn, N. Y.) considered 2 different 
methods of meeting the situation arising 
when it might become necessary to shut 
down a generating station completely. 
Costs for such systems at first might appear 
high, however, for the larger systems, the 
magnitude of such completely isolated 
stations is of the ordSr of 500,000 kva., 
and makes use of the most economical size 
of units available. 

AnnfW part of a general discussion 
presented by J. R. Baker (Baltimore* Md.) 
referred to carrying out construction proj¬ 
ects in advance of load requirements for 
reasons of reliability or economy in opera¬ 
tion. He explained that such work had 
been confined chiefly to the replacement 
of obsolete and inadequate equipment. In 
general, for reasons of economy in opera¬ 
tion the company was not committed to 
investments in advance of actual load re¬ 
quirements. The exception is in the case 
of such it ems as converting attended sub¬ 
stations into the automatic type where 
definite labor savings can be predicted. 

The Coordination of Transformer 

Insulation With Line Insulation 

R. N. Conwell (Newark, N. J.) cited 
objections to the fixing of transformer 
insulation at a definite arbitrary value and 
then relying upon the designer of a trans¬ 
mission line to coordinate with these values. 
Such a method, he explained, surely could 
not produce a well-balanced, satisfactory, 
economical, .system design. The trans¬ 
mission designer is handicapped at the very 
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start by the necessity of meeting limits 
established without regard to service con¬ 
ditions or local factors, such as the char¬ 
acter of the terrain, lightning exposure, 
frequency of storms, or the position of the 
-line with regard to storm paths. He sug¬ 
gests that a suitable committee canvass 
thoroughly a large Clumber of operating 
companies to determine preferences * in 
future insulation levels, and he believes 
that the methods Employed for coordina¬ 
tion should be the basis Of determining 
transformer insulation requirements. 

F. J. -Vogel (Sharon, Pa.) also discussed 
this subject; it is his belief that the co¬ 
ordination of transformer insulation with 
the gap was of great value not only to 
operating engineers but to the manufac¬ 
turers in providing a yardstick to measure 
the surge strength of station apparatus. 
He feft that the gap would be used merely 
as the level in the case of very low voltages, 
and that for this purpose, the table in the 
paper might be extended. 

J. B. Hodtum (Pittsburgh, Pa.) discussed 
justification for the development of the 
coordinated distribution transformer. He 
explained that such a transformer had iwu 
developed and had been on the market 
now for 4 years. Impulse tests confirmed 
by 4 years of service have demonstrated 
that these transformers would fla g f n over 
the bushings before the transformer itself 
would fail. Over 5,000 such transformers 
have been in service without a single failure 
having been reported. 

Another discussion of this subject by 
J. K. ifbdnette (Sharon, Pa.) "pointed out 
that if the transformers were designed in the 
' usual way with the high-voltage winding 
divided into 2 or more parts, the initial 
voltage stresses across the coils would be 
reduced ^materially as compared with the 
coordinated design. From this material 
reduction in stress it would appear that the 
shields were not essential for b uilding a 
transformer with coordinated insulation. 

Characteristics Surge Generators 

C. L. Fortescue (East Pittsburgh, Pa.) 
discussed this subject and explained that 
the importance of the paper rested in the 
fact that the author had demonstrated that 
what might appear as extremely complicated 
circuits, could be represented with a dose 
approximation by simple circuits. He be¬ 
lieves that the author has shown the ease 
of predicting the actual wave under test 
conditions, thus permitting specifications 

for surge testing of apparatus without fear, 

provided surge measurements are properly 
earned out and calculations are made 
beforehand, to insure that the apparatus is 
receiving the proper test. 

W. L. Lloyd, Jr. (Pittsfield, Mass.) be¬ 
lieves this paper timely, well-written, and 
interesting, but he does not fed that the 
subject is particularly new. Reference was 
made to Mr. Peek’s first lightning generator 
of 1913, and to the fact that the impulse 
voltages delivered by such a circuit have 
been subject t<3 calculations. 

Load Ratio Control Circuits 

: F. L. Snyder (Sharon, Pa.) in his discus¬ 
sion of this subject pointed out that whether 
an air-gap should or should hot be used in 
the core of the reactor-depended upon the 
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characteristics of the circuit desired. In 
any event he fdt that the tap changer, the 
transformer, and the reactor must be insu¬ 
lated for the voltages which may be im¬ 
pressed upon them under both normal or 
abnormal conditions. Conceivably, a tap 
changing operafon might take place at the 
instant of line short circuit. 

A. Boyajian (Pjjtsfield, Mass.) in dis¬ 
cussing this subject fdt that usually at¬ 
tempts 1$> limit voltage rise by saturation 
result in just the opposite effect. Non- 
critical expectations based on r.m.s. char¬ 
acteristics. come to grief, and the very 
feature (saturation) depended upon for 
protection, stings and pierces the insulation 
of tile circuit by needle-shaped voltage 
peaks. In terms of dementary sine wave 
concepts assodated with linear circuits and 
without recourse to advanced mathematics, 
he analyzed the meaning of saturation 
phenomena in an a-c. circuit as understood 
physically. 

H. 0. Stephens (Pittsfield, Mass.) dis¬ 
cussed this subject. He referred' to tests 
which showed that when preventive re¬ 
actors with dosed magnetic circuits were 
used, dedded peaks in the voltage waves 
across the reactors were obtained, the arc¬ 
ing on the contacts was severe, and the 
contact life unsatisfactory. However, with 
air core reactors, or .with iron t;ore reactors 
having suitable air-gaps in the core so as 
to obtain a substantially straight-line volt- 
ampere characteristic throughout the work¬ 
ing range, the bad peaks in the voltage 
across the reactor were eliminated and the 
life of the contacts greatly increased. 

Influence of Brush 

Contact Drop on Commutation 

* 

R. E. Hdlmund (East Pittsburgh, Pa.) in 
discussion of this subject gave an interesting 
hypothesis of contact phenomena which', 
although not as yet checked with results of 
experimental data, seemed valid. It is his 
bdief that contact phenomena may even¬ 
tually be explained in a rather simple 
manner by assuming certain mechanical 
conditions in the contact areas, nothing but 
ohmic resistance in the materials proper, 
and other already well-known phenomena. 

# L - A. Heath (Long Island City, N. Y.) 
cited the existence of ever-changing condi¬ 
tions of contact between brush and com¬ 
mutator. He referred to brush sparking 
when a cold rotary or generator is started 
and immediately carries full load.. During 
this initial period the slope of the brush 
contact curve indicates too great an inter¬ 
pole field strength, but after sparking ceases, 
the contact curve is quite normal. Inspec¬ 
tion of the brush faces during this initial 
period indicates that the brushes have 
changed their seating from that taken at 
the last shut-down. . 

Another discussion by W. E. Stine 
(Cleveland, Ohio) explained that the au¬ 
thors’ theory of sliding contact and* data 
submitted was in very close conformity 
with a theory which the discusser advanced 
several years ago to explain brush contact 
drop characteristics. The authors were 
asked a number of questions about the 
physical properties and mechanical condi- 
tiems in connection with their work and 
points with winch the discusser was not in 
agreement were cited; 




Single-Phase Short-Circuit 

Torques of Synchronous Machines 

L. A. Kilgore (East Pittsburgh, Pa.) in 
his discussion of this subject felt that the 
authors had presented a relatively simple 
solution to the difficult problem of calcu¬ 
lating the pulsating torque of single-phase 
short circuits. He explained that the 
extended 2-reaction theory and the constant 
interlinkage theorem were applied to in¬ 
clude the effect of direct and quadrature 
axis damping circuits. 

Another discussion of this subject by 
B. L. Robertson (Berkeley, Calif.) made 
reference to the previous work on syn¬ 
chronous machines by Doherty, Penny, 
and others. The assumptions of, and 
conditions set forth in previous work were 
. compared with those in the present paper, 
the discusser also pointing out the con¬ 
tinued use of the theorem of constant 
linkages. 

Wire Communication Aids 

to Air Transportation 

H. T. Kiilingsworth (Cleveland, Ohio) in 
connection with this subject deocribed the 
communication equipment of the Cleveland, 
airport, which includes practically all of 
the features described in the paper. Five 
teletypewriter circuits radiate from Cleve¬ 
land, paralleling the more important routes. 
The ad minis tration building which contains 
this equipment is connected to the long 
wave radio transmitting station, urgent 
messages being retransmitted to planes in 
flight by the use of the re-perforating equip¬ 
ment. Short wave radio equipment is used 
by the airport authorities in dispatching 
planes, both upon leaving and landing at 
the field. 

Characteristics of Electromagnetic 
Radiation From Aircraft in Flight 

The authors, J. C. Coe and T. C. Rives.’ 
were asked several questions concerning the 
possibility of obtaining effects similar to 
fading when flying rough, the factors upon 
which the distance free from fading de¬ 
pended, and comparisons between different 
types of antennas. It was explained that 
good flying conditions were encountered 
during these tests, and that variation in 
field strength would be due much more to 
the changes in orientation of the trans¬ 
mitting antenna with respect to the re¬ 
ceiving antenna titan to an actual change 
in altitude or distance. The attenuation 
undergone by earthbound rays was found 
to be independent of whether daylight or 
darkness obtained, and fading was en¬ 
countered when the field strength became 
less than a certain value, this value de- * 
pending upon frequency, time of day, etc. 

With regard to effects with the different 
t3q>es of antennas, it was explained that 
where distances are much greater than 
altitude, the trailing wire antenna would 
give a greater field strength; and as to 
the distance free from fading, this also 
would be favored by the trailing wire 
antenna rather than by the horizontal type. 

Vertically Cut Sound Records 

. In connection with this subjectBenjamin * 
Olney (Rochester, N. Y.) discussed the 
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practical limitations which prevent the of building which better illustrates the 
radio broadcasting and receiving of high changing tendencies than do the public 

quality music <ias demonstrated )>y the school and buildings in institutions of higher 

authors. To obtain a high frequency range education. An actual experience was cited 
in radio reception comparable to that whicl^ and served to illustrate this point, 
was d e mons trated, the following steps F. C. Caldwell (Columbus, Ohio) in dis- 
would be necessary aside from merely cussing this subject referrecfjj to a simple 
extending the frequency range of both the application of differential calculus which 
radio receiver and the broadcast system: showed that the greatest economy of copper 
(I) frequency spacing of adjacent broadcast for a 2-wire system will be attained when 
channels must be doubled; (2) the effective the permitted voltage drop is divicted be- 
power must be increased to provide a greater tweem a feeder and its branches, in propor- 
signal noise ratio; (3) carbon button micro- tion to the length of # the feeder and the 
phones must be used with caution or average length of the branches. Similar 
eliminated; and (4) transmitter over- relations for 3-wire feeders could be worked 
modulation must be avoided to a much out with any given relation of neutral to 
greater extent than at present. Also space outside wire. This simple principle *he 
limit ations in the home would constitute stated has never been observed in treatises 
the principal limiting factor of low-fre- on wiring. 

quency reproduction. Another discussion on this subject by 

. L. W. W. Morrow (New York, N. Y.) 
Adequate Wiring of Buildings brought out that there are 3 aspects of 

wiring and lighting that should receive 
Philip Spom (New York, N. Y.) in his serious consideration by every man in the 
discussion of this subject felt that the industry. These are the humanitarian, , 
■^^sdneering profession as a whole, and the business, and technical aspects. With re¬ 
membership of the Institute in particular, gard to business possibilities, he pointed 
fta H not given sufficient attention to this out that a 30-story office building offers a 
subject. He hoped that the paper on this load in the neighborhood of 36,000 kw. 
subject might serve as a prelude to others High-grade engineering and detailed atten- 
which might describe advances and new tion is devoted to a 500-kw. industrial 
developments in this field. One of the power load; $lthough t&e lighting load is 
important reasons for the lack of progress infinitely the larger, it receives but little 
in this field was thought to be due to the attention. Also, each home market if 
. general belief that the National Electric adequately sold and engineered offers from 
Code has a legal status, and that there is 10 to 15 kw. of load. He felt that no more 
nothing engineers can do except comply fruitful field for engineering than this 
with this code. He pointed out that the existed in the industry, and that it should 
code has no legal status of any kind except have serious attention, 
that which is given to it by municipal or A discussion by Morgan Brooks (Urbana, 
other ordinances, and such legislation might Ill.) referred to means for revising inade- 
call for installations in direct contradiction quate house wirihg without recourse to 
to the code. complete replacement. He also brought 

J. M, Bryant (Minneapolis, Minn.) also out that the predicted installation of air- 
discussed this subject and felt that the conditioning apparatus in homes makes 
Institute should cooperate with standard- adequate wiring a debatable question. As 
izing bodies in the adoption of new codes of a remedy, he stated that often where 
wiring. An increase in the standards for coffee urns, toasters, and chafing dishes 
wiring so that conductors in new structures affect dining room illumination adversely, 
would have sufficient capacity to permit a single additional circuit can be installed 
t n/vrpggir. g 1 the illumination was recom- economically, connected to the opposite 
mHe believes that there is no type side of the distribution system. Also 
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judicious reconnection of circuits at the 
cut-out cabinet may save the expense of 
rewiring. , 

Taylor Reed (Reedsville, Pa.) recom* 
mended that there should be a revised code 
on adequate wiring of buildings to set limits <* 
of permissible momentary dip of. voltage. * 
Another discussion <3f this subject by 
P. L*Alger (Schenectady, N. Y.) suggested 
that the wiring code committee prepare a 
supplement to the standard code to explain 
the minimum character of standard code 
provisions and give detailed figures on the 
possible savings to be made by the use of 
larger wire sizes and more numerous outlets. 

Current Propagation in 
Electric Railway Propulsion Systems 

K. L. Maurer (New York, N. Y.) ^dis¬ 
cussed this subject and pointed out that the 
peculiar feature of the type of circuit treated 
in this paper, as distinguished from the 
ordinary power circuit, is that one side is 
made up of a concentrated metallic con¬ 
ductor in parallel with a distributed con¬ 
ductor, the earth. The effect of the earth 
as a conductor, upon the electrical con¬ 
stants, cannot be neglected as ordinarily it 
might be in the case of the usual power 
circuit. 

Application of High-Speed Relays 

E. H. Bancker (Schenectady, N. Y.) in 
his discussion of this subject felt that . 
papers of this type which presented results 
actually attained in operating pihctise, 
were valuable as they point out to designing 
and application engineers factors which 
have been overlooked or neglected. In 
thi«? way such papers offer the opportunity 
for a further improvement* in^ protective 
relaying. These remarks were* illustrated 
by several cases taken from the paper and 
analyzed by the discusser. 

A New High-Speed Reactance* Relay 

In connection with this subject Philip 
Spom (New York, N. Y.) stressed the fact 
pointed out in the paper, that in spite of 
the high cost, because of the need of high- 
voltage instrument potential transformers, 
any system of distance relaying gives high 
speed protection for only about 80 per cent 
of a line section. He then referred to the 
pilot scheme for universal protection and 
the objections to using a separate set of 
pilot wires. As a solution to this difficulty, 
recourse was ta ken to the use of carrier 
current and tests which have been con¬ 
ducted. He explained that the scheme was 
a true power directional plan of protection, 
utilizing carrier current to perform strictly 
one function. Fast tripping relays in a 
section are locked out when the fault is 
External to that section; when the fault is 
internal, the fast relays will operate. 
Results of these tests showed that tripping 
under all conditions could be obtained in a 
maximum time of 3 cycles qn a 60-cyde 
system. 

Relay Operation From 
Bushing Potential Devices* 


Five of the electric locomotives for high speed passenger setvice on the g^J™*** 
Railroad are shown in the test yard of the Erie, Pa., works of the«^eneral Electnc Com¬ 
pany. Each locomotive weighs 190 tons, and is rated as 3,750 hP- 


A discussion of this subject by H. A. P. 
Langstaff (Pittsburgh Pa.) which told of 
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the successful operation and functioning of 
a number of these bushing potential devices 
in service, was re^d by Mr. Langguth. 
When these devices were used for relays. 
Neon lamps or a high resistance voltmeter 
*> was recommended for checking the voltage 
which would assist materially in the finding 
of trouble that migfet occur within any of 
the circuits between the bushing and relays. 
Another point brought out was that no 
proof was actually obtained of the belief 
that atmospheric conditions have a limited 
effect upon the accuracy of the potential 
as obtafined from these devices. 

The B oric Acid Fuse 

T. G. LeClair (Chicago, Ill.) discussed the 
features of this new fuse and he felt that 
the lack of an inflammable liquid filler was 
an excellent safety measure. He inquired 
about an opening in the inclosed type for 
the escape of gases, and the effect of failure 
when called upon to interrupt a current 
beyondJLts capacity. 

Supervisory Control Systems 

^M. E. Reagan (E. Pittsburgh, Pa.) de¬ 
scribed the history of this development. It 
was interesting to note that the first com¬ 
prehensive system of remote control and 
supervision of a large number of operations 
over a group of common line wires was put 
into operation at Cleveland in 1922. He 
also commented on how the fundamentals 
in these early installations stood the test 
of timefand are today relatively unchanged. 
The only addition to the excellent specifica¬ 
tion for performance appeared to be the 
anti-pumping control as presented by Mr. 
Oliver. 

J. H. # 01ivpr (Philadelphia, Pa.) discussed 
the operating experience obtained from the 
Reading Company’s installation, empha¬ 
sizing the last paragraph of the paper which 
reported that no trouble had been experi¬ 
enced from Induction, no faulty indications 
or operations had*been observed or per¬ 
formed, and no train delays had been 
. caused by failure of the supervisory control 
equipment. The discusser also pointed out 
that more maintenance was required where 
several stations are operated in parallel on 
the same common conductors than when 
individual wires and individual systems are 
used for the control of each station. 

Applications and Performance 
of Automatic Equipment 

A. E. Anderson (Philadelphia, Pa.) in his 
discussion of this subject referred to the 
extensive use that has been made of the 
system of the American Gas and Electric 
Company. With regard to the economics 
of this equipment he pointed out that in¬ 
vestments in automatic switchgear permit 
reduction in operating costs. In some cases 
it was possible to remove enough feeder 
copper to pay for a large share of automatic 
control. However, he brought out that 
with the increased reliability and speed over 
manual operation, together with other 
attendant developments, economics some¬ 
times are of secondary consideration. 

Another discussion by Robert Treat 
(Schenectady, N. Y.) demonstrated, by 
quotations from the paper, that a certain 


course of procedure results in a collateral 
and perhaps unexpected advantage which 
is more important or more valuable than 
the primary objective originally sought. 
As was found in the paper the automatic 
substation is often less expensive to operate 
than an equiv^ent attended one. But by 
its reliability, speed of action, and freedom 
from errors of judgment, "the automatic 
station gives a brand of service which can¬ 
not be approached by even the best attended 
substations. 

Report on Telemetering, Supervisory 

Control and Associated Communica¬ 
tion Circuits 

C. G. Wassal (Cleveland, Ohio) com¬ 
mended the committee for offering such a 
thorough presentation. He believes the 
report filled a need felt for a long time and 
it should result in a much closer coordina¬ 
tion between the 3 groups, the manufac¬ 
turer, the user, and the companies fu rnishing 
circuits for such purposes. It also was 
brought out that the communication cir¬ 
cuits used for telemetering require 24-hour 
maintenance and in addition for open wire 
routes, alternate routes seemed advisable in 
case of a base channel failure. 

Another discussion of the report was pre¬ 
sented by P. MacQahan (Newark, N. J.) 
and called attention to the importance of 
the communication line problems. He also 
told of one of the earliest telemetering sys¬ 
tems which was of the frequency class and 
installed on the Chicago, Milwaukee, and 
St. Paul Railroad. He explained that the 
impulses and the current balance systems 
have entirely superseded the frequency 
system in modern installations. He also 
referred to a report on refhote metering by 
the committee on instruments and measure¬ 
ments in the A.I.E.E. Trans., v. 47, 1928, 
p. 1164, and he felt that the present repart 
might be considered as an extension of the 
same subject. 

Stress-Strain Studies of Conductors 

J. A. IngHs (Toronto, Can.) believes the 
paper on this subject very interesting from 
the point of change in values of the modulus 
of elasticity of a cable. He felt it would be 
interesting to know if during these tests 
‘ basketing or bird-caging was experienced 
at end conditions or connections, and if any 
records were taken of rotation. He also 
cited the importance of fatigue limits and 
suggested thsft it would be most advanta¬ 
geous if they were tabulated for the various 
metallic cables. 

Vibration and Fatigue 

la connection with this subject F. E. 
Andrews (Chicago, Ill.) explained that these 
are several 3-strand conductors now on the 
market, notably one of high strength 
material made by the Aluminum Company 
of America. Inquiry was made about 
experience with the use of sleeves on this 
conductor and if any special sleeve was 
necessary. 

M. E. Noyes (Pittsburgh, Pa.) replied to 
the suggestion in the paper that different 
types of stranding of cables should be com¬ 
pared to determine their relative ability to 
dissipate energy by interstrand friction 


He explained that this had been done suc¬ 
cessfully in the laboratory of his company 
on 120-ft. spans using a decrement method, 
by Mr. Kimball. The decrement of ampli¬ 
tude was measured from a trace taken after 
the source of forced vibration had been 
suddenly disconnected from the cable. This 
value is then substituted in the Kimball 
formula. Concerning consideration of new 
cross-section shapes and new __ types of 
stranding, Mr. Noyes called attention to 
the possibility of severe stress concentra¬ 
tions which might occur at span ends due 
to abrasions of the surfaces of wires. In 
his opinion any cross-section shapes of 
conductor which caused certain strands to 
stand out sharply would be liable to higher 
stress concentrations than the usual round 
cable. 

Vibration of Overhead 

Transmission Lines 

E. W. Dillard (Boston, Mass.) described 
field tests and experiences on the Fifteen- 
Mile Falls transmission line in connection 
with disruptive corona as a third cause iST* 
vibrating conductor. A test span, the exact 
duplicate of one of the spans «on the line, 
was erected to confirm this hypothesis by 
experiment under controlled conditions. 
Rows of sprinklers installed above the span 
provided precipitation at will. Under si¬ 
multaneous conditions of low wind velocity 
(under 4 miles per hour) and precipitation, 
vibrations were produced in all sizes of 
conductors from No. 14 AWG stranded 
copper antenna wire to 795,000-cm. 
A.C.S.R. with the exception of No. 4/0, 
7-strand, hard drawn copper which seemed 
to have inherent mechanical characteristics 
which suppressed any tendency towurd 
vibration. Conditions observed on the 
Fifteen-Mile Falls line and on the Califomia- 
Oregon Power Company’s system showed 
that vibration occurred on the 2 systems 
under identical conditions. This data led 
to several new principles in regard to con¬ 
ductor vibrations. 

Another discussion by C. B. Basinger 
(Cambridge, Mass.) read by F. E. Deck, 
presented results of experiments made by 
H. L. Richardson (Cambridge, Mass.) and 
the author of the paper, at the Massachu¬ 
setts Institute of Technology, to study the 
forces which act on a moving conductor 
surrounded by corona discharge. These 
studies showed that a force exists which is 
a function of the voltage on the conductor 
and of the velocity of the conductor relative 
to the air. In general, it is necessary for 
the conductor to be energized above the 
corona voltage and over the range studied 
a further increase in voltage increases the 
force. 


Vibrations Due to Sleet 

F. E. Andrews (Chicago, Ill.) also dis¬ 
cussed this paper and he felt that the subject 
discussed was that which is generally known 
as “whipping” rather than “vibration.” 
He also believes the conclusion in the paper 
that change in span length or change in 
tension of the cable does not effect the 
phenomena, is contrary to generally 
established formulas for traveling waves in 
a conductor. To him it seemed impractical 
to predict whipping by the application of 
the formulas developed. 

Electrical Engineering 


Another discussion by L. L. Perry 
(Chicago, Ill.) gave evidence of extraordi¬ 
nary weather’* conditions in Illinois and 
Indiana on March 21, 1932. Conditions 
produced sufficient dancing of conductor® 
to trip out 132-kv. circuits of both A.C.S.R. 
and copper. At Chicago the temperature 
range was only from 29 deg. fahr. minimum 
to 30 deg. fahr. maximum with a maximum 
wind of 35 miles per hour. Other condi¬ 
tions were cited and apparently all tripouts 
occurred at one point, as evidenced by 
bums on the conductors and ground wires. 
At this point only, the line had a diagonal 
run with about a 90-deg. angle with the wind. 

A. E. Davison (Toronto, Can.) discussed, 
this subject and cited the importance of 
keeping it prominently before engineers and 
executives. He referred to galloping as 
evidenced within a 100-mile radius of 
Niagara Falls with sleet loading and winds 
at 5 to 15 miles per hour. These conditions 
were shown by Mr. Davison from a film 
obtained through the kindness of the 
Niagara, Lockport and Ontario Power Co. 
'xir regard to this paper he explained that 
it correctly pointed out that in earlier 
references to "lift," "drag” studies were 
omitted. He felt also that there should be 
g’eneral agreement with the authors’ con¬ 
clusions. 

1932 Lamme Medal 
Nominations Due Nov. 1 

In fulfilment of By-La\y requirements, a 
second posting is hereby given to the 
necessity of all nominations for the Lamme 
Medal for 1932 being submitted not later 
than November 1, 1932. (See Electrical 
Engineering, June 1932, p. 417.) 

Presentation of the 1931 Lamme Medal 
was made to Giuseppe Faccioli (F’12) 
consulting engineer (retired) General Elec¬ 
tric Company, Pittsfield, Mass., at the 
opening session of the Institute’s recent 
summer convention at' Cleveland, Ohio. 


Three thousand radio receiving sets now 
can operate independently on the same 
antenna without interfering with each other, 
according to an announcement by the 
Western Electric Company. The system is 
designed primarily for hotels, apartments, 
and other multiple dwellings, and is ar¬ 
ranged to overcome the increasing problems 
which dweilers in such buildings face in 
obtaining good antenna facilities for their 
radios at reasonable cost. The principles 
employed in long distance telephone cir¬ 
cuits are used in this equipment. The 
receiving system is protected against inter¬ 
ferences which the ordinary lead-in wire 
commonly picks up from sources within a 
building, and the loss in receiving power 
usually caused by the great length of lead-in 
wire and its high capacity to ground is 
overcome. Each receiving set connected 
to the system is electrically isolated so that 
it cannot put any noises back into the 
system to disturb the operation of others 
on the line. The receiving set may be of 
any make the individual chooses. A vital 
part of the system is the "coaxial con¬ 
ductor" which serves as a lead-in wire, 
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A lightning arrester, repeating coil, filters, 
an amplifier, and lines radiating throughout 
the building make it possible for each user 
to connect his set by plugging into a con¬ 
venient socket. Smaller forms of this 
equipment are available also, and are 
suitable for even the individual home 

owner with only one radio receiving set. 

) 

* 

Frahk J. Sprague 

Receives Many Tributes 

A feature of the meeting honoring 
Frank J. Sprague (A’87, F’12, H&’32 
and past-president) and* which was held in 
the Engineering Societies Building, New 
York, N. Y., on July 25, 1932, was the 
presentation to Doctor Sprague of a hand¬ 
somely bound collection of nearly 500 
letters of congratulation and appreciation. 
The existence of these letters was not 
known to Doctor Sprague until the con¬ 
clusion of the meeting when they were 
presented to him as a complete surprise. 

The program, as announced in Elec¬ 
trical Engineering for July 1932, p. 526, 
included speeches of tribute delivered by 
Dr. J. H. Finley, associate editor of the 
New York Times and former commissioner 
of education for New York City, Frank 
Hedley, president of the Interborough Rapid 
Transit Company, New York, N, Y., Rear 
Admiral S. S. Robison, U.S. Navy, retired. 

Classifying Doctor Sprague as having 
"the same relation to electric transportation 
that Thomas A. Edison bore to electric il- 
lumination,’ , Mr. Hedley in his address 
stated further that "Doctor Sprague has 
not rested with the mere inventing or sug¬ 
gesting of new methods. He has recognized 
that the world often is too busy to pay at¬ 
tention to new and advanced ideas which 
are considered revolutionary, or to give 
them a trial unless forced to do so, and he 
ha3 made it his business to do the necessary 
forcing. ... He knows what it means to 
have the signals set against him and to be 
forced onto a side track and delayed. 
Nevertheless ... his inventions have proved 
worth while and he had sufficient faith in 
them to fight for them, even when con¬ 
fronted with discouraging conditions and 
fierce competition." Mr. Hedley mentioned 
the modem multiple unit electric train 
control as exemplifying the importance of 
Doctor Sprague’s contributions to trans¬ 
portation developments, and said "... The 
traveling public owes and always will owe a 
tremendous debt to him." 

Doctor Sprague acknowledged the tribute 
in a short response, expressing his thankful¬ 
ness at having been able to be of service to 
his fellow men in facilitating their con¬ 
venient transportation. After mentioning 
briefly some features of his own work, 
Doctoj Sprague ventured the opinion that 
although other modes of transportation are 
becoming more important, the railroads still 
remained the "vital foundation of the 
country." He stated further that "it 
Would be folly to predict in the present low 
state of competitive traffic and world Wide 
financial depression, that general electrifica¬ 
tion is advisable or even permissible in the 
near future. Htfvfever, if some of the 
hundreds of millions of capital which the 



national government is ready to dole out 
for unproductive public works were diverted 
to legitimate and sane electric railway equip¬ 
ment a long step would be taken toward 
economic recovery." 

Doctor Gano Dunn, past-president of the * 
Institute (1911-12) presided over the 
meeting as chairman” of the anniversary 
committee which included in its membership 
list a galaxy of names prominent in pro¬ 
fessional, educational, electrical, and trans¬ 
portation fields. Dr. C. T. Hutchinson 
(F’12) consulting engineer of New York 
City served the committee as its secretary, 
while Frank Hedley, W. B. Potter (M’96), 

G. A. Richardson (A’08), and F. H. Shepard 
(F’24) served the committee as its working 
unit. .. - • 


Wood Poles for Overhead Electrical 
t Lines.—The B ureau of Standards of the U.S. 
Department of Commerce has issued Hand¬ 
book No. 16 on the subject of "Wood Poles 
for Overhead Electrical Hines.”* It is 
for sale by the superintendent of documents, 
Washington, D. C., price 10 cents, and 
contains considerable data on this subject. 

* 

Doctor Flinn Receives 
Honorary Degree 

On June 17, 1932, Dr. A. D. Flinn, who 
since 1922 has been director of Engineering 
Foundation, JTew York, N. Y., receded the 
honorary degree of doctor of engineering 
from Worcester Polytechnic Institute, Wor¬ 
cester, Mass. Doctor Flinn, a native of the 
state of Pennsylvania, received his bachelor 
of science degree from Worcester Polytech¬ 
nic Institute in 1893, and in 1927 received 
the degree of doctor of applied science from 
the University of Louvain. 

Doctor Flinn, a civil engineer, has been 
concerned for many years with the activi¬ 
ties of the entire engineering profession. 
Between 1895 and 1918,*he was successively 
engineer with the • Metropolitan Water 
Works, Boston, Mass., managing editor of 
Engineering Record, New York, N. Y., 
engineer on the Croton Aqueduct Com¬ 
mission, and deputy engineer and deputy 
chief engineer of the Board .of Water 
Supply, New York, N. Y. (Catskill aque¬ 
duct). Since 1918 his office has been in 
the Engineering Societies Building where 
he has served since that date as secretory 
of the organization carrying successively 
the names, United Engineering Societies, 
Engineering Foundation, Inc., and United 
Engineering Trustees, Inc. From 1918 to 
1921 he also was secretary of the Engi¬ 
neering Council. In addition to being direc¬ 
tor of Engineering Foundation since 1922, 
he has been secretary of that organization 
since 1918, 

Doctor Flinn was a member of the Na¬ 
tional Research Council, 1918-1923, and 
chairman of its division of engineering 1920- 
1923. His technical affiliations include 
fellow of the American Association for the 
Advancement of Science, member and past 
(Erector of the American Society of Civil 
, Engineers, and member of the American 
Institute of Mining and Metallurgical Engi¬ 
neers, the American Iron and Steel Institute, 

and the American 1 * Society for Testing 

. . . * 
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Materials. He is honorary foreign member 
of the section of engineering societies of the 
Masaryk Academy, Czechoslovakia, Knight, 
Order of the White Lion, Czechoslovakia, 
and member of the Japan Society, Sigma 
Xi, Sigma Alpha Epsilon, the Engineers’ 
•Club, and the Century Association. Doctor 
Flinn was a joint Suthor of the “Water¬ 
works Handbook” published in 1916, and 
has been a contributor of numerous papers 
and articles on engineering topics. 


Airship Institute 
Dedicated at Akron 

The new Daniel Guggenheim Airship 
Institute at Akron, Ohio, was dedicated 
with* impressive ceremonies on Sunday, 
June 26, 1932. The program included a 
communication from Harry F. Guggenheim, 
president of the Daniel Guggenheim 
Foundation fpr the Promotion of Aero¬ 
nautic^ and addresses by Dr. G. F. Zook, 
president of the University of Akron, 
and Dr. R. A. Millikan (M’22), chairman 
of the executive council of the California 
Institute of Technology, Pasadena, This 
Airship Institute at Akron has been made 
possible by a gift of $260,000 from the 
Guggenheim foundation to both the Uni¬ 
versity of Akron and the California Institute 
of Technology for the study of lighter- 
than-air problems. The gift was supple¬ 
mented by $100,000 from the city of Akron. 
After dkpenditures for buildidg and equip¬ 
ment, funds remained for the conduct of 
research work during the next 5 years. 
A most important part of the equipment 
is a verticil wind tunnel, the largest in 
existence. w * 

On the second day, June 27, a conference 
was held on progress and problems of re¬ 
search in lighter-than-air craft, with Dr, R. 
A. Millikan as chairman. Among the 
large number of speakers, all outs tanding 
experts in aeronautical engineering and 
research, who took part in this conference 
are: Karl Amstein, vice-president in 
charge of engineering. The Goodyear- 
Zeppelin Corporation; Garland Fulton, 
chief* of lighter-than-air section, Bureau of 
Aeronautics, U.S. Navy Department; 
J. C. Hunsaker, vice-president and general 
manager, The International Zepplin 
Corporation; Theodor von Karman, di¬ 
rector, The Daniel Guggenheim Airship 
Institute; W. E. Kepner, Air Corps, Wright 
Field; and C. B. Fritsche, general manag er, 
Detroit Aircraft Development Corporation. 
The subjects discussed during this con¬ 
ference fall under the following headings: 

1. Aerodynamics of airships, 

2. Thermodynamics. 

3. Meteorology. 

4. Structural analysis. 

5. Instruments. 

6. Engines and power plants. 

7. Materials. 

8. Aerostatics. 

Dr. C. E. Skinner (A’99, FT2, and junior 
past-president) served as the representative 
of the A.I.E.E. at the exercises on June 26 
and 27. The following statement, taken 
from a letter of Doctor Skinner’s reporting 
the exercises, summarizes the purpose of 
The Daniel Guggenheim Airship Institute 
and its. relation to electrical engineering: 
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“This Institute is to be devoted entirely 
to the study of problems incident to the 
building and operation of lighter-than-air 
craft. Many of the problems which have 
been selected for study and experiment 
have a very direct relation to the problems 
in electrical engineering, and I have no 
doubt that on this account our Institute 
would do well to keep in tbuch from time 
to time with the' work of The Daniel 
. Guggenheim Airship Institute. 

“The problems of most direct interest are 
probably those havjpg to do with the 
movement of air through passages, the 
surface friction of air over bodies, the trans¬ 
fer of heat, etc. These all have direct 
relation to the problem of ventilation in 
electrical machin&y. There are many 
other problems in connection with the 
physical characteristics of construction and 
materials, the study of stresses and strains 
in structures, etc., which have a less direct 
bearing but which are similar to problems 
encountered in the construction of electrical 
machinery and apparatus.” 


Doctor Burgess, 

Leading Physicist, Dies 

George Kimball Burgess, director of the 
U.S. Bureau of Standards, Washington, 
D. C., died suddenly on July 2, 1932, of 
cerebral hemorrhage. Doctor Burgess was 
born at Newton, Mass., in 1874, receiving 
his bachelor of science degree from Massa¬ 
chusetts Institute of Technology in 1896, and 
the degree of doctor of science from' the 



GEORGE K. BURGESS 
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University of Paris in 1901; honorary de¬ 
grees of doctor of engineering were conferred 
upon him by Case School of Applied Science, 
1923, and Lehigh University, 1926. 

Between 1896 and 1903, Doctor Burgess 
taught physics at M. I. T., the University 
of Michigan, and the University of Cali¬ 
fornia. Since 1903 he has b&en connected 
with the Bureau of Standards, being suc¬ 
cessively assistant physicist, associate physi¬ 
cist, physicist and chief of the division of 
metallurgy, and since 1923, director, in 
which position he succeeded the first direc¬ 
tor, the late S. W. Stratton. High tem¬ 
perature measurements and metallurgy ware 
the fields in which most of his scientific 
work as a ^physicist was concentrated; 
among his noteworthy achievements are the 
application of optical pyrometry to metal 


in furnace and rolling processes. His work 
on standards for light measurement, details 
of rail structure, causes of rail failure, and 
many other phases of metallurgy was out- 
handing and has continued to be of con¬ 
siderable assistance to workers in these 
fields. A large expansion of the bureau’s 
activities occurred while he was director, 
and he was responsible for the develop¬ 
ment of the research associate system under 
which industries carry on research work at 
the bureau through their own employees 
advised and assisted by the staff experts 
of the bureau. 

Doctor Burgess contributed freely of his 
time to the work of scientific and technical 
societies. Among the societies of which he 
was a member are the National Academy 
of Sciences, American Society for Testing 
Materials (past-president), National Re¬ 
search Council (chairman), American So¬ 
ciety for Steel Treating (past-president), 
American Engineering Standards Associa¬ 
tion (director), the American Institute of 
Mining and Metallurgical Engineers, the 
American Physical Society, and the Optic***’"-'' 
Society of America. He was an honorary 
member of the American Foundry men’s 
Association, and the Japanese Society of 
Mechanical Engineers. He had also been 
chairman of the federal specification board 
and the national screw thread commission, 
and a member of the national advisory 
committee for aeronautics. In 1927 he was 
U.S. delegate to the seventh international 
conference on weights and measures in 
Paris, in 1929 was U.S. delegate to the 
world engineering congress in Tokyo, and 
had been president of the Annual Confer¬ 
ence on weights and measures. He was a 
member of Sigma Xi fraternity and the 
Cosmos Club, In addition to many scien¬ 
tific articles and papers, he was the author 
of “Recherches sur la constante de Gravi¬ 
tation,” 1901; "Experimental Physics— 
Freshman course,” 1902; and “The Mea¬ 
surement of High Temperatures” (with II. 

Le Chatelier) 1912. 


Insulation Committee 
to Meet in Baltimore 

The electrical insulation committee of 
the National Research Council has an¬ 
nounced its plans to hold its regular annual 
meeting at The Johns Hopkins University 
in Baltimore, Md., at the same time that 
the A.I.E.E. Middle Eastern' District is 
meeting there. This will facilitate a joint 
meeting of these organizations tentatively 
scheduled for Monday afternoon, October 
10, at which time 4 papers in the field of 
high voltage underground cable insulation 
and performance will be presented. 

Two other technical sessions* of the elec¬ 
trical insulation Committee will be held. In 
tiiose sessions the results of recent resear ch 
in the fields of dielectrics and insulation will 
be presented in the form of informal reports 
of progress made by manufacturers, scien¬ 
tific societies, and governmental and uni¬ 
versity laboratories. These sessions are 
scheduled to be held at the School of Engi¬ 
neering, Johns Hopkins University, under 
the general supervision of Dr. J. B. White- 
head, who is chairman of the committee. 
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LelfeyrS lo time Editor 


t^ONr'I'K.IBUTION'S to these columns are invited 
from. Institute members and subscribers. They 
Mlsoulrl be concise and may deal with technical 
Papers, articles published in previous issues, or 
otlier subjects of some general interest and pro¬ 
fessional importance. Electrical Engineering 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them in 
whole or in part, or to reject them entirely. State¬ 
ments in these letters are expressly understood to 
1 »e made by the writers; publication here in no wise 
constitutes endorsement or recognition by the 
American Institute of Electrical Engineers. 


!~abor and 

Engineering Progress 

'JTo the Editor: 

—vTJylr. William Green’s contribution to the 
symposhn on. “Has Man Benefited by 
IS UK meeting Progress” (see "Labor and 
Kxigmeering Progress,” Electrical Engi- 
njisisking, May 1932, p. 318-9) is, to my 
niiiid, the most: encouraging contribution 
yet received. 

Its depth of view and understanding is 
wonderful evidence that one need not 
necessarily have had a typical engineering 
education to have the engineer’s method of 
approaching a difficult subject. 

Most of all, it is encouraging to me; 
because it contains the first invitation that 
engineers have received from one not in 
tlieir profession, to expand their field of 
usefulness to mankind. 

We, as engineers, have had exceptional 
advantages and some of us have had the 
courage to say that our methods should 
1.»e extended into other fields, including 
that of human relations, but no such 
suggestion has come to us from bankers, 
lawyers, or politicians. 

That such an invitation should first come 
from a self-made man, like Mr. Green, who 
is president of the world’s greatest labor 
organization, is indeed encouraging indica¬ 
tion that engineering methods are be¬ 
ginning to be appreciated outside the pro¬ 
fession. 

I sincerely Hope that the Engineering 
Foundation and American Engineering 
Council will tooth find ways and means 
to cooperate with Mr. Green. 

Very truly yours, 

W. S- Moody (F’12) 

(Consulting Electrical Engineer, 
155 Dawes Ave., 

Pittsfield, Mass.) 


'jTo the Editor: 

„ The article toy Mr. William Green on 
“L-abor and Engineering Progress” in Elec- 
•trical Engineering for May 1932, p. 
318 - 9 , is a fine contribution to the economic 
recovery of the country. 

There is no doubt but that the present 
-machine age with its mass production, effi¬ 
ciency systems and the infinite number of 
labor saving devices, requires a compensator 
iix the form of a shorter work week. 

When the salesmen find that their former 
customers cannot buy their goods due to 
their being out of employment, business 
suffers, also machinery and plants become 

1 Real prosperity demands that the maxi¬ 
mum number toe employed. At no addi- 
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tional expense to the employer the present 
man-hours of wof k should J>e apportioned so 
that the weekly amount of work will be done 
by more workers. The work week should 
be shortened, keeping the same hourly rate 
of pay, until all unemployment is absorbed. 
We are being forcedato this conclusion. 
The longer the delay the harder it will be to 
recover. 

When all who want to work are employed, 
business will soon pick up, with leaps find 
bounds, due to available* money to spend, 
which will create a healthy demand. Sales¬ 
men will be happy and salaries will rise as 
the general prosperity increases. 

Production will be balanced by work 
hours. 

Very truly yours, 

TL S. Hall (M’25) (616 East 
8th St., Brooklyn, N. Y.) 


body behind him, he could effect many 
of the necessary reforms which he, no doubt, 
has in mind and is at present almost power¬ 
less to carry out due* to strong group 
opposition. Therefore, it is time the 
engineer cast aside his habitual reserve 
and deference to the politician and join the 
fray in a concerted effort to find a scientific * 
solution to the problems which urgently 
need solving. 

It is not assumed that all our difficulties 
would be solved by the m&gic touch of the 
engineer, or we would arrive at the mil¬ 
lennium at once, but it certainly seems 
that more active and concerted effort, by 
the engineers in the solution of these* diffi¬ 
culties would be preferable to experiments 
of bolshevism or socialism which may 
come unless the machine age is put under 
sensible control. No doubt the suggestions 
outlined above will provoke some criticism 
and suggestions. If so, this letter has 
accomplished its purpose. -* 

Very truly Yours, 

J. R. Hango (A’31) 
(Arvida, P. Que., Canada) 
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To the Editor: 

After reading that most commendable 
article, “Labor and Engineering Progress” 
by William preen, which appeared in 
Electrical Engineering for May 1932, 
p. 318-9, the writer was moved to wonder if 
this article and articles of a similar nature in 
this series, as well as the President’s 
message, have made any deep impression 
on engineers at large. It seems that most 
engineers are all too prone to lose them¬ 
selves in the maze of technical work and 
lose sight of the less tangible problems 
mentioned in above paper, the equitable 
distribution of gGods, profits, and labor. 
These are certainly complex problems 
which are worthy of an engineer. Since 
the engineer is largely responsible for the 
creation of the giant, machine age, which is 
threatening to annihilate us in its un¬ 
guided and staggering course, surdy he is 
not going to sit down and leave to bungling 
politicians the task of providing a system 
of control for his robot. In other words, 
the engineers’ work is only partly done and 
he must devote some of his time to the 
solution of these important problems. . 

It does not seem enough to utter a mild 
appeal to members at large to take a more 
active interest in such matters or to leave 
the burden of their solution to a few 
engineers who are activdy engaged in 
politics, for it seems that a few men with 
ideas cann ot put them into effect without 
strong support. If anything* of value is 
to be arrived at, it requires concerted 
effort from the engineering body as a 
whole. Of course, every engineer should 
acquaint himself more with the matters of 
government, finan ce, and pdlitics than he 
fo p g done in the past, and should, have .no 
hesitancy in coming forward with criti¬ 
cisms, ideas, etc., at any time. Now it 
s e ems that this concerted effort of the 
engineers should be directed, by the various 
engineering societies, that is, why should 
not each engineering society have a.special 
committee of notable engineers to investi¬ 
gate and present reports and recommenda¬ 
tions on these problems from time to time 
in the same manner they would investigate 
a special phase of t^phmcal work. Thus 
the engineers as a body would be in a 
position to offer solutions to pressing 
problems and to exert the necessary pres¬ 
sure for their adoption in industry and 
government. If the President had such a 
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Reactive Power 

Units and Terms # 

To the Editor: 

I desire to rail attention to the apparent 
disregard of the “unit of reactive power” 
and tiie term “reactive power.” 

. The adoption of this unit—the “var”— 
and the provisional adoption of. the term 
“reactive power” by the International Elec¬ 
trotechnical Commission in session at Oslo, 
July 1930, were reported in Electrical 
Engineering for February 1931, p. 142. 

It would be unreasonable to expect all 
authors to adopt these conventions imme¬ 
diately, but I do believe that our committee 
reports should utilize any and all definitely 
adopted nomenclature, thus? hastening its 
general usage. 

It is quite possible that I have overlooked 
some article using the "var” but to the best 
of my knowledge the unit has not been used 
until in A. E. Kennelly’s article, “Recent 
Developments in Magnetic Units,” in Elec¬ 
trical Engineering far May 1932, p. 
343-5. The adoption of a unit of reactive 
power comparable with the unit (watt) of 
active power is a valuable advance, as the 
"reactive voltampere” has been a cumber¬ 
some unit. * 

In respect to the term "reactive power,” 
fhm i gTi only provisionally adopted, the de¬ 
sirability of its use in conjunction with 
“active power” is, I believe, obvious. Re¬ 
active voltamperes as a term has no more 
excuse for its use than has its comple¬ 
mentary term active voltamperes. By re¬ 
fraining from the use of either of these (re¬ 
active voltamperes and active voltamperes) 
the unit of apparent power—the volt- 
ampere—is available without the slightest 
need of the qualifying prefix "apparent.” 
Thus 2 distinct phases of the power expres¬ 
sion are provided: 

1, Apparent Power «=> Active Power >*= j Reactive 

Power 

2. Voltamperes — Watts * j Vars 

In a recent committee report, “Proposed 
Definitions of Terms Used in Power System 
Studies” (No. 31M2) and some other ar¬ 
ticles, the convention P * j(>has been used 
to represent the right hand side of t<he above 
equations. This is leading us directly into 
an ambiguous situation. P is commonly 
accepted as the symbol for power. And 
power has been commonly used inter¬ 
changeably with active power, though it is 
becoming more apparent that this is a 
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serious error—as attested by the increasing 
interest in the reactive power component in 
energy sales considerations, and the diffi¬ 
culty of explaining this new factor to the 
layman. 

It is certain that a considerable amount 
' of educational effort will have to be ex- 
* pended to clarify this situation. Why not 
make as much gaiif as is possible since^some 
revising is necessary. Two lines of pro¬ 
cedure are suggested to me. They are: 


». 

1. Place power on the left side of eq. 1, that is, 
drop the "apparent" from power as we did above 
from voltamperes, making the unit of power the 
voltaippere, of active power the watt, and of re¬ 
active power the var. This is the preferable though 
more radical change. 

2. Continue the use of power in lieu of "active 
power" and adopt some other term for reactive 
power (quadro is suggested to me by the symbol Q). 
"Apparent power" is still a source of trouble and 
should be replaced by some other term. 

According to A.I.E.E. Standard, "Letter 
Symbols for Electrical Quantities” (17gl), 
A and 5 are available for assignment as 
symbols. A is readily adaptable as the 
symbol for active power in suggestion 1 
above. «■ 

. e 

Power = Active Power *•» j Reactive Power 
P - A * jQ 

For active power the symbol A could 
picely represent apparent power, although 
the letters VA are quite suitable: 

Apparent Power “ Power * j Quadro 
VA - A - P * jQ 

I further wish to indicate that I favor the 
convention watts =*= j vars to represent ac¬ 
tive power and leading reactive power as 
tentatively adopted by the committee. 

Very truly yours, 

* Fred B. iRwm (A’31) 

(1430 Hawthorne Avenue, 
Portland, Oregon) 


The Way Out 
of the Depression 

To the Edifor: 

In response to the invitation to discuss 
the article "Progress Is the Way Out of the 
Depression” by Mr. A. W. Berresford in 
Electrical Engineering for December 
1931,1 am sending the following: The first 
paragraph contains a statement about the 
depression that seems extraordinary for an 
engineer to make. “There is little of value 
at the moment in attempting to isolate and 
correct the major causes." Gan we imagine 
this attitude applied to any engineering 
work? Can we imagine an engineer saying 
that there is little value in trying to isolate 
tiie causes after a bridge or a dam failure? 
Can we imagine an engineer saying, after a 
bridge failure, that the causes will gradually 
emCTge as time provides a perspective? 
To be sure,, study of the causes will not re¬ 
build the bridge, but it may prevent a second 
failure. 

If the solution is left to time, we are 
likely to see the economic and social errors 
that produced the dark ages repeated; in 
fact, much of the "quantity of understand¬ 
ing which Mr. Berresford says has in¬ 
creased so much within the last 18 months 
seems to be a reversion to the errors refuted 
economists of the last 200 years 
The mere fact that stabilization of em- 

ployment is economicaliy dependent upon 
controlled production, and consumption de- 
U i P ° n ^bilked employment, will 
unite all elements in a common demand for 
that solution.” This statement forms the 

|he popular fallacies, 
diieny because it is 2o plausible. But na- 
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ture has decreed otherwise. As long as the 
farmer does not know whether he will get 
10 bushels or 40 bushels when he plants an 
acre of ground, stabilized production is im¬ 
possible. To attempt stabilization prob¬ 
ably will cause greater instability. 

Consider a state with industrial activities 
stabilized to f.ithe greatest possible extent. 
Each company has its quota of production 
with the men fqr whom it is responsible. 
Now nature produces an unexpected crop, 
25 per cent greater than the farmers had 
planned. This leaves a surplus fof next 
year, so that, there should be a reduction of 
25 per cent in the number of men on the 
farms for the next year. With every in¬ 
dustry stabilized where are they to go? 
Instead there is an unemployed surplus of 
mdn on the farms with resulting distress and 
reduced purchasing power. This in turn 
affects the industries, reducing the possi¬ 
bility of employment, and consuming re¬ 
serves if any have been accumulated. The 
attempt to maintain stability is an attempt 
to thwart economic laws; but the laws will 
win and worse troubles develop. 

What we need is flexibility, not stability. 
We need a mobile labor force as well as 
flexibility of management. We need in¬ 
dustries that can increase or decrease their 
working forces according to conditions, and 
we need an economic inducement to make 
them increase and decrease at the right time 
for the public good. 

One simple inducement which can be 
applied without much change in the present 
economic structure consists of an expansion 
of the currency with falling commodity 
prices. When a surplus crop is produced, 
the currency should be expanded to hold a 
large part of this crop over for a future year. 
The expansion of currency will result in 
stimulating industrial demand so as to pro¬ 
vide jobs for the farm help released by the 
excess crop. This is only one step, and it 
will not prevent unemployment or business 
depressions altogether, but it is a step in the 
right direction. A more important step is 
the reorganization of education; but that is 
too complicated a problem to discuss here. 
The important thing to keep in mind is fhat 
whatever action is taken, it should be to 
provide greater flexibility, to make it easier 
for men to change from one kind of work to 
another as conditions change. It should 
tend to break the ties that now too strongly 
bind men to the jobs where they long have 
worked. 

Very truly yours, 

A. W. Forbes (A’12) (Forbes 
and Myers, 172 Union St., 
Worcester, Mass;) 


The information (theoretical develop¬ 
ments and experimental results) contained 
in the German paper is supplemented by a 
few valuable remarks concerning the prac¬ 
tical application of the principle involved, 
f After pointing out the disadvantage of the 
low power factor at small loads, the Russian 
authors emphasize the fact that the super¬ 
position of a low-frequency current wave on 
the power supply system currents will be 
rather undesirable in so far as it will cause 
flickering of lights connected to the same 
system. As a consequence it must be 
feared that public utilities may prohibit 
application of said principle to motors 
connected to their power systems. 

Very truly yours, 

A. van Nibkerk (A’24) 
(Designing Engr., Westing- 
house Elec. & Mfg. Co., 

E. Pittsburgh, Pa.) 


Mechanical Analogs 
of Electric Circuits 

To the Editor: 

The use of electrical analogs for mechani¬ 
cal systems is based on defiuite analogies 
of form between the mathematical equa¬ 
tions which describe the behavior of each 
type of system. The design of a mechanical 
phonograph (see "Methods of High Quality 
Recording and Reproducing of Speech and 
Music, Etc.,” J. P. Maxfield and H. C. Har¬ 
rison, Bell Sys. Tech. Jl„ v. 5, July 192(5, p. 
493) by electrical engineers some years ago 
apparently gave an impetus to the use of 
electrical analogs, although there has been 
comparatively little written on the subject. 
Skilling (see "Electric Analogs for Difficult 
Problems,” H. H. Skilling, Electrical En¬ 
gineering, Nov. 1931, p. 8(52-6) has shown 
an application in a particular problem and 
has outlined some of the important ad¬ 
vantages of the use of equivalent electric 
circuits. 

The opposite process—use of mechanical 
analogs for electric circuits—does not appear 
to offer comparable advantages, particularly 
as far as circuit theory and ease in deter¬ 
mining experimentally the action of a system 
are concerned. In certain cases, however, 
mechanical concepts may be of assistance to 
the electrical engineer. Several instances 
are cited below. 

Consider Newton’s Law of Motion 


F *=> ~ 


dG 

dt 


Paralleling 
Rotor and Stator 


where 

P is the vector resultant of the forces acting on 
the particles of a mechanical system 

G is the vector sum of the momenta of uli the n 
tides. 


If if^en G is constant, which is the 
well-known law of the conservation ol 
linear momentum. 

The electrical analog of momentum (moss 
times velocity) is magnetic flux linkages (in¬ 
ductance times current) and the equivalent 
of the mechanical law is the electrical prin- 
ciple that m a circuit or group of circuits in 
which the resistance is small the flux link- 


To the Editor: 

_the March issue of the Electrical 
Engineering appeared an article based 
upon an interesting paper by Conrad and 
Warner: "Induction motors with parallel 
rotor and stator. ’ ’ The synopsis of the cc«n- 
plete paper points out that 'ithis method of 
operation was new to the authors and to sev¬ 
eral eminent induction motor designers and 

■a*% « « 

interest to both authors and readers, to learn 
tiiat the same subject has been covered in the 
Archiv fuer Elektrqtechnik, v. 20, 1928 
P 162, by Tolwinsky and Hochberg (Lenin¬ 
grad) in a paper (German): "Asynchron¬ 
ous operation of a three phase induction 
machine with stator Imd rotor connected 
to the same supply system.” 


_t._. ' .v ; v •»/ "uuuuiwui as c 

short circuit. (A capacitor gives rise to a 
force obeying Nooke’s law in the electric- 
mechanica 1 analogy.) This principle of 
electric circuits has not been very widely 
722 * 1 , 2 ?'comparatively recent writer 
(see Short-Gnrcuit Currents of Synchronous 
^ Franklin; A.I.E.E.Trans 
to S’ 1 ! 25, P ‘ 8^-72) has felt it necessary 
to refer to a proof. That this analog of one 
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of those laws of mechanics which are con¬ 
sidered most fundamental is an electrical 
principle which has not been utilized by 
engineers for so very many years lends sup¬ 
port to the thought that mechanical laws 
less prominent than the conservation dl 
momentum may yet point out electrical 
principles of value in particular cases. The 
integral developed by Carson and applied 
by him to the analysis of electric circuits 
to which Ije usual circuit laws (Kirchoff’s 
laws) were not readily applicable has been 
shown to have been used in equivalent me- 
0 chanical form before electric circuits were 
known. 

Experience indicates that most students, 
including those with some advanced train¬ 
ing, consider work and kinetic and potential 
energies from the mechanical viewpoint, 
particularly when they understand the elec¬ 
tric-mechanical analogy. Thus work is 
force times distance, hence e.m.f. times 
charge, while kinetic energy is l /* mv 2 for a 
particle, hence l /z Li 2 for a simple series 
circuit, etc. The magnetic energy is not 
always called kinetic energy, and the elec¬ 
tric field energy is not always called poten¬ 
tial energy, but it is of advantage to under- 
* stand the analogy when for example the 
action of a system involving both electric 
and mechanical circuits such as a telephone 
receiver is ‘analyzed. (See "Theory of 
Telephone Receivers,” R. L. Wegel, A.I.E.E. 
Journal, v. 40, 1921, p. 791-802. In this 
paper the total kinetic energy of an electro¬ 
mechanical system is set up and used in the 
Lagrangian equations to analyze the sys¬ 
tem.) The use of many advanced dynami¬ 
cal principles (Lagrange’s equations for 
example), which are usually equally appli¬ 
cable to electric circuits, requires the setting 
up of expressions for the total kinetic and 
potential energies of the complete mechani¬ 
cal, electrical, or electromechanical system. 
It should be noted that the possibility of 
application of these mechanical principles to 
pure electric or electromechanical systems 
may be ascribed to the (formal) equiva¬ 
lence of mechanical for electric systems 
rather than vice versa. 

Another conceivable case in which known 
mechanical principles might be used is in 
connection with the equilibrium and sta¬ 
bility of an electromechanical system. The 
mechanical principles now available should 
suffice if need arises. 

None of the above examples is very im¬ 
portant in itself. They have been offered 
simply to illustrate some of the advantages 
to be derived from the consideration of me- 
„ chanical "circuits” as analogs of electric 
circuits. 

Very truly yours, 

J. G. Brainerd (A’32) (Moore 
School of Electrical Engi¬ 
neering, University of Penn¬ 
sylvania, Philadelphia, Pa.) 

• 

Junior Engineers 
* Plan Industrial Projects 

To the Editor: 

The article "Junior Engineers Plan In¬ 
dustrial Projects” appearing in the July 
1932 issue of Electrical Engineering, p. 
623, is of considerable interest. 

The procedure of the program described 
in the article should be of interest to all 
members of the Institute Sections and 
Brandies. There can be no doubt that the 
organization of the junior members within 
their respective local branches will produce 
an active continued interest among the 
young members.* 

The forming of these hypothetical com¬ 
panies and the solution of the problems 
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involved should give the junior engineer an 
invaluable practical experience, as well as a 
chance to show his initiative and ability 
when confronted with a definite responsi¬ 
bility. 

Local firms and public utility organiza¬ 
tions, also elder members of these concerns 
or Institute Sections, shdiild cooperate 
with the junior groups in offering their 
criticisms, suggestions, and experience. 

This, then, is a very definite step in 
demonstrating to the junior engineer or 
graduate in what line of specialization he is 
more recommended, as well as forming 
a fraternal bond between the junior member 
and the profession. 

Very truly yours, 

Harry A. Etkin (A’26) 

(520 McClellan St., Philadel¬ 
phia, Pa.) 


Consumption, 

Production, Distribution 

To the Editor: 

In the progress report of American 
Engineering Council ("The Relation of 
Consumption, Production, Distribution,” 
Electrical Engineering, June 1932, p. 
373-9), it seems to be assumed that savings 
have been too great. As a check on this 
theory I tried to secure the best data that I 
could find on the actual savings of the 
country, and have plotted the values in a 
curve, Fig. 1. This curve shows an esti¬ 
mate of the actual total volume of property, 
which is the actual measure of savings, as 
estimated by the U.S. Census and by the 
National Industrial Conference Board. 
I have corrected the figures for increase in 
population and for the change in the value 
of the dollar, giving tiie result in figures 
that are supposed to represent actual 
property, not dollars. It is plotted to a 
logarithmic scale so that the same slope of 
the curve indicates the same rate of increase 
at«any point on the curve. 

Of course the figures are not accurate. 
No one can tell just how much property 
you or I have, and no one can tell exactly 
the relative value of the dollar in times 50 
years apart. But the figures are honest 
efforts to give comparable data, and the 
big differences shown leave us quite sure 
that they do represent a real change. 
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Fig. 1, Per capita wealth of the United 
States expressed in index numbers. The 
scale is so selected that the slope of the line 
is the same at ail positions if the per cent 
• increase is the same 


First we see that the decade of the civil 
war was & time of slow increase in. wealth, 
as would be expected* There was another 
slow rate of increase at the time of the 1893 
depression, whether cause or effect is hard 
to tell. But the slowest rate erf all has been 
the last few years’ Unfortunately both 
recent figures include the period of the war, 
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but the. fact that both the latest figures of 
the census and the National Industrial 
Conference Board agree so closely would 
lead us to think that increase of wealth has 
not yet made its normal start, after the war. 

Modern machines are expensive, and „ 
modern industry cannot operate without a, 
greatly increased volume of capital. It is 
impassible to tell how much of the wealth 
shown by the curve is capital, but this 
failure of wealth to makeja normal increase 
leads to the natural conclusion that capital 
has also failed tp make its increase, and 
without this increase industry cannot 
function properly. This is merely o»e fact 
that supports the conclusion that one 
major cause of the present troubles is a 
shortage of capital. Therefore any method 
toward relieving the depression must be 
watched to see that it does not cause any 
further drain upon savings and capital. 

If it does it will probably cause more harm 
than good. ~ 

Very truly yours, 

A. W. Forbes (AT2) 

(Forbes & Meyers, Worcester, 
Mass.) 

* O 

(Editor’s Note: This letter is the second by Mr. 
Forbes discussing the economic problems covered in 
American Engineering Council's progress report.) 



Wires and Cables 

Three standards for wires and cables were 
approved by the American Standards 
Association on May 21, 1932,-as follows: 
"American Standard Definitions and Gen¬ 
eral Standards for Wires and Cables” 
(C8a-1932); “American Tentative Standard 
Specifications for Weatherproof (Weather 
Resisting) Wires and Cables” (C8kl-1932); 
"American Tentative Standard Specifica¬ 
tions for Heat Resisting Wires and Cables” 
(C8k2-1932). 

The first of these, the definitions and 
general standards for wires and cables, 
includes definitions and standards of a 
general, character applicable to wires and 
cables for power purposes, and comprises a 
rearrangement of A.I.E.E. standard No. 30 
of October, 1928, which has been brought 
up to date with certain additions and 
deletions. It contains definitions for the 
various types of wires and cables, con¬ 
ductivity standards, designation standards, 
high voltage test standards, insulation re¬ 
sistance standards, capacitance or electro¬ 
static capacity standards, and maximum 
temperature limits. 

The specifications for weatherproof wires 
and cables (C8kl-1932) cover weatherproof 
wiring and-cables and the materials used 
for coverings,£nd saturating compounds as 
applied to metallic conductors. The speci¬ 
fications are divided into the following 
headings: covering; saturating compound, 
which includes the tests therefore; stranded 
cables, including sizes of conductors and 
the stranding therefore; standard weights; 
a table of weights and weatherproof wires 
and cables; samples for tests; tests on 
copper conductors; arid explanatory notes. 
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The specifications for heat resisting wires 
and cables (C8k2-1932) cover the usual 
type of heat resisting covering commonly 
known as “slow burning” as applied to 
metallic conductors for use in hot, dry 
'* locations where the other types of insulation 
* would not long endure, or where the pres¬ 
ence of large massfis of inflammable mate¬ 
rials would be objectionable. As explained 
in the standard* itself, “There are many 
types of heat resisting materials used for 
i n sulating electrical conductors, but no 
attempt is made in this specification to 
cover* anything but the so-called ‘slow 
burning* insulation. The various types of 
asbestos coverings and enamels are for 
special purposes and are generally put out 
under trade names.*’ 

Printed copies of these documents on 
wires and cables will be available in the 
near future. 


Radip 

Two new national standards for radio 
were approved by the American Standards 
Association on May 21, 1932, as follows: 
“Standard Vacuum Tube Base and Socket 
Dimensions” and “Manufacturing Stand¬ 
ards Applying to Broadcast Receivers.” 
These standards were developed by the 
sectioned committee on radio working under 
the procedure of the American Standards 
Association, with the Institute of Radio 
Engineers and the A.I.E.E., the directing 
sponsors. * 

The first of the standards applies to cer¬ 
tain details in the manufacture of broadcast 
receivers, which it is desirable to have 
uniform in the sets of all manufacturers; 
the seqondstandard specifies dimensions for 
many of the principal types of bases and 
sockets of vacuum tubes used in both re¬ 
ceiving and transmitting. The types of 
base covered in the standard are 4-pin 
bases of the large and small type; large 
4-pin base without?bayonet pin; large 5-pin 
base without bayonet pin; 4-pin trans¬ 
mitting tube base; large transmitting 
tube base: 4-pin sockets for receiving 
tub|s; and 5-pin sockets for receiv¬ 
ing tubes. The standard also specifies 
dimensions for terminal caps for both re¬ 
ceiving and transmitting tubes and for 
connections between the tube dements and 
the pins. 

The manufacturing standards applying 
to broadcast receivers establish a national 
standard for the frequency range of receivers 
from 550 kc. (545.1 m.) to 1,500 kc. (199.9 
m.). The rating and design of socket- 
power devices and dectric radio receivers 
are to be standardized for operation on 
from 105 to 125 volts. A standard test for 
quality of soldering of cord tips or terminals 
to radio cords also is provided. This test 
is a straight pull of 5 lb. applied to the cord 
tip or terminal. Other details for which 
standard dimensions are established are 
cord tips, binding posts, cable terminals, 
radio plugs and jacks, and .pilot lamps. 
There also are standard definitions for the 
various parts of radio receivers. Informa¬ 
tion with regard to these standards may 
be obtained from the American Standards 
Association, 29 West 39th Street, New 
York, N. Y. * 
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Code for 

Protection Against Lightning 

The sectional committee for the code for 
protection against lightning, working under 
the procedures of the American Standards 
Association and the sponsorship of the 
A.I.E.E. and the National Bureau of 
Standards, has completed a revision of 
parts J and II of the code. The original 
code was printed as “Miscellaneous Publi¬ 
cation No. 92 of the Bureau of Standards,” 
and information with regard to the pro¬ 
posed revision may be obtained from the 
chairman of the sectional committee, 
Dr.* M. G. Lloyd, Bureau of Standards, 
Washington, D. C» 

Proposal Made for 
Emergency Lighting Code 

The National Electrical Manufacturers 
Association has asked that consideration 
be given by the American Standards 
Association to the preparation of a code for 
emergency lighting. It states that for some 
time their codes and standards committee 
has been considering codes for lighting 
systems designed *to insure adequate illu¬ 
mination for emergency use in such places 
as theaters, hospitals, schools, and other 
buildings. While there are many state 
and municipal codes governing such in¬ 
stallations, there is little uniformity among 
them. At various times attempts have been 
made to incorporate rules governing these 
installations in the National Electrical 
Code and the National, Electrical Safety 
Code. This proposal of N.E.M.A. now 
will go before the standards council of the 
American Standards Association. 

•> 

Test Code 
for Transformers 

The standards committee of the Institute 
has asked that attention be called again to 
the “Test Code for Transformers.” This 
code, which is the first of a proposed series 
of test codes covering electrical machinery 
and apparatus, has been out in its pre¬ 
liminary form for criticism and suggestion 
since October 1931. , 

In order to determine the performance 
characteristics of electrical machines, meth¬ 
ods of testing have been developed and are 
in common usage. It is the purpose of these 
test codes to* provide in convenient form 
the more generally applicable and accepted 
methods of conducting and reporting tests 
of a commercial nature and applying to the 
fu lfi l m ent of performance guarantees. In 
general the reception of this code has been 
favorable. Suggestions of a helpfu? nature 
have been received and the committee 
hopes this notice will result in a find r»1t»a r ir. g 
up of any debatable points so that publica¬ 
tion in final form may be undertaken 
shortly. Copies of 4he preliminary report 
on the code may be obtained without 
charge. Address all communications to 
A.I.E.E. headquarters* 33 West 39th Street, 
New York, N. Y. 
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Joseph Slepian (A’17, F’27) consulting 
research engineer of the Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa., upon June 13, 1932 re¬ 
ceived the John Scott Medal for his "dis¬ 
coveries in the field of the deionization of 
gases and fundamental and outs tanding 
inventions involving these discoveries.” 
This award carries with it besides the medal 
and certificate, a premium of $1,000 ca sh ; 
it was presented to Doctor Slepian with due 
ceremonies at the Union League Club of 
Philadelphia. The award was esta blish ed 
by John Scott, a chemist of Edinburgh, 
Scotland, who in 1816 bequeathed to the 
city of Philadelphia a fund of $4,000, the 
income from which was “to be distributed 
to ingenious men and women who make 
useful inventions.. ..” After the fund . 
had grown to $100,000 in 1917, court orders 
enlarged its use and specified that the pre¬ 
miums should be awarded “for inventions 
that will be useful to mankind in the de¬ 
velopment of chemical, medical, and any 
other science, or development of industry 
in any form; the test being that it may add 
to the comfort, welfare, and happiness of 
mankind.” Doctor Slepian is a Bostonian 
by birth; his degrees of A.B., A.M., and 
Ph.D. were all won at Harvard University, 
the last one being conferred upon him in 
1913, with mathematics his majoring sub¬ 
ject. The winter of 1913 was given over to 
a semester at Gottingen University, Ger¬ 
many, and the following spring, to a semes¬ 
ter at Sorbonne University, Paris, France. 
For a year he was instructor in mathematics 
at Cornell University, and in 1916 he joined 
the Westinghouse Company’s East Pitts¬ 



burgh force as an apprentice. His pro¬ 
motion to research engineer took place the 
following year, and in this and in a consult¬ 
ing capacity he has rendered exceptional 
service to his company. His conspicuous 
work upon circuit interrupting devices and 
lus use of the unique principle of deioniza¬ 
tion in the destruction ( of powerful and 
violent electric arcs have been important 
contributions to the field of electric power 
transmission and distribution. 
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H. L. Wills (A’20) assistant to the vice- 
president, and also general manager, of the 
Georgia Power Company, Atlanta, Ga., 
Paarticipated in \he A.I.E.E. 1931 national 
Prize for best paper in engineering practise 
^■Warded the symposium on coordination of* 
Power and telephone plant, composed of 4 
Pa-rts of which the paper, “Status of Joint 
evelopment and Research on Noise 
frequency Induction,” by Messrs. Wills and 
lack well ifras a part. Bom in Burlington, 
Vt., he started an apprenticeship in the 
*nacHinist’s trade at the early age of 14. 
His next undertaking was in the capacity 
of txansitman for the Wisconsin Central 
X^ailroad. By 1885 he was assistant to the 
operating engineer of the Schuyler Arc 
Light Plant, and from that time on over an 
extended period of years he continued to 
Hold positions of increasing responsibility. 
In 1902 he joined the Georgia Railway and 
iSlectric Company, at Atlanta, to assume 
-charge of the meter and maintenance repair 
shops, a service which he continued for 6 
years. During the latter portion of his stay 
yyitla. this company, he was directing these 2 
departments and also in charge of the con¬ 
tract department. His service as general 
manager of "the Savannah Lighting Com- 
pg.ny was from 1908 until 1912, when he 
Joixxed his present company, the Georgia 
Power Company, as district manager, with 
offices at Macon, Ga. Upon consolidation 
of His company with the Georgia Railway 
and Power Company, he was transferred to 
■A-tlanta, Ga., as spedal detail engineer. 
His long affiliation with the Georgia Power 
Company has included the various duties of 
resident engineer on the Tallulah Falls 
1I> evolopment, rehabilitation of the under¬ 
ground distribution system at Atlanta, Ga., 
electrical engineer, electrical engineer and 
operating manager, and, since 1923, assis¬ 
tant to the vice-president as well as general 
manager, negotiating company relations 
witH other wire using companies on prob¬ 
lems of inductive interference. Mr. Wills 
Hus been particularly active in the National 
LSlectric Light Association, and has served 
on many of its committees. He is past- 
cHairman of the A.I.E.E, Section at Atlanta, 
Ga., was its delegate to the fourth national 
radio convention, and a member of the sub¬ 
committee on legislation in 1925. His 
crtHer memberships include the Institute of 
J?.adio Engineers, the International Associa¬ 
tion of Electrical Inspectors, the executive 
committee of which he served for 2 years; 
the American Engineering Council, and the 
A-tlanta Chamber of Commerce. Mr. Wills 
was also a consultant with the committee on 
smoke prevention. 


W. S. Pbterson (A'23, M'29) trans- 
jnission system engineer of the munidpal 
water and power department, City of Los 
A-Xigeles, Calif., has been awarded the 1931 
A-.I.E.E. Pacific District prize for best 
paper, the decision resting with his paper, 
•'Calculation of Dynamic Power Limit of 
Transmission System During Three-Phase 
I**anlts.” Mr Peterson was bom at Ana¬ 
conda, Mont. He entered upon an elec¬ 
trical engineering course at the University of 
California, Berkeley, Calif., and was gradu¬ 
ated with the class of 1917 with his B.S. 
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degree. He at once entered the test de¬ 
partment of the General Electric Company 
at Schenectady, N. Y., remaining there 
until 1919, when he engaged with the Ana¬ 
conda Copper M ining Company, Great 
Falls, Mont., for the operation and main¬ 
tenance of substations. In September of 
1922 Mr. Peterson started his work with the 
Los Angeles bureau of power and light, and 
in 1924 was transferred from the drafting 
room to the substation engineering de¬ 
partment, his work induding design of 
substations and writing of specifications. 
After a year of this worlj, he was advanced 
to research. *Here his first work was the 
preparation of a report on the high voltage 
power system for the City of Los Angdes, 
which constituted the first step in the de¬ 
sign of the system to receive the Colorado 
Rtyer power. Concurrently with this work, 
he was supervising the investigation of con¬ 
ductor movements during short circuits, 
the basis of a paper in joint authorship 
with H. J. McCracken, Jr. (A’27) and for 
which they received the 1927 national ini¬ 
tial paper prize. Mr. Peterson also is serv¬ 
ing as secretary of the technical committee 
of the bureau of power and light of the City 
of Los Angdes. His research work on the 
performance of insulators in dust and fog 
and also with regard to measurement of 
corona loss were carried on at the H. J. 
Ryan High Voltage Laboratory at Stan¬ 
ford University, in collaboration with Dr. 
J. S. Carroll (A’24) assistant professor of 
electrical engineering at Stanford Uni¬ 
versity, «nd Bradley Cozzens (A’28) 
research engineer of the Department of 
Water and Power, City of Los Angdes. 


O. B. Blackwell (A’08, F’17) now 
transmission devdopxnent engineer of the 
American Tdephone and Tdegraph Com¬ 
pany, New York, N. Y., shared in the 1931 
A.I.E.E. national prize for best paper in 
engineering practise, for the paper which he 
prepared jointly with H. L. Wills (A’30) 
and which was entitled "Status of Joint 
Devdopment and Research on Noise Fre¬ 
quency Induction,” being an integral part of 
lie symposium 0EL coordination of power and 
tdephone plant to which the prize was 
awarded. 

Mr. Blackwell who was bom at Bourne, 
Mass., in 1906 received his B.S. degree 
from Massachusetts Institute of Tech¬ 
nology. He at once entered the engineering 
department of the American Telephone and 
Tdegraph Company, and in 1915 was 


placed in charge of transmission and pro¬ 
tection, a subdivision of the department. 
Here he was given the supervision of some 
40 technically trained men on important 
devdopment and standardizing work of 
tdephone transmission and protection cir¬ 
cuits. By his collaborators Mr. Blackwell’s 
work always has been recognized as uni¬ 
formly of the highest grade—in fact it has 
won recognition for him throughout the 
entire tdephone world. For a period q$ 
more than 7 years much of his work was 
looking toward the extension and better¬ 
ment of tdephone transmission through 
the use of loading coils, improved cable 
construction, tdephone amplifiers, and 
similar electrical equipment. Illustrative 
of his work is the design of a standard 
transposition ^ system for lines carrying 
phantom circuits, important work on the 
devdopment of duplex tdephone cables, 
and contributions of great importance to the 
successful use of tdephone repeaters on 
long lines. He is a Fellow of the Institute 
of Radio Engineers and of The. Acoustical 
Society of America; he also holds member¬ 
ship in the Machinery Club of New York 
City, the Manhassett Bay Yacht Club, and 
the North Hempstead Country Club. 


H. L. Huber (M’23) engineer on foreign 
wire relations, American Telephone and 
Tdegraph Company, New York, N. Y., who 
prepared the paper, "Status of Cooperative 
Work on Joint Use of Poles,” in joint 
authorship with J. C. Mar.tin (A’12) 
partidpates in the 1931 A.I.E.E. national 
prize for best paper in engineering practise, 
which has been awarded the symposium on 
coordination of power and tdephone plant. 
Mr. Huber is a native of the state of 
Colorado, and a graduate of Mercersburg 
Academy and Cornell University. In 1913 
he be cam e plant engineering inspector for 
The Chesapeake and Potomac Tdephone 
Company, Washington, D. C., designing 
its outside plant, preparing estimates, 
writing specifications, and doing construc¬ 
tion work. In 1915 he became engineering 
a s sis t ant in the company's general engi¬ 
neering department, checking high tension 
line construction at crossings, and studying 
inductive interference and mechanical prob¬ 
lems in connection with tdephone line 
construction. In 1917 he was made district 
plant engineer in charge of laying out the 
outside tdephone plant at Camp Meade 
and the Aberdeen Proving Grounds. De¬ 
cember of that yeaj he joined the U.S. 
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Signal Corps, and for thedast half of 1918 
as 1st lieutenant, was locating long distance 
telephone pole lines in France. In July 
1J919 he was back •in the United States as 
division plant engineer in West Virginia 
for The Chesapeake and Potomac Tele- 
* phone Company, and associated companies 
• in charge of planning, estimating, and 
writing specifications. The next year he 
became engineering assistant in the com¬ 
pany’s general { engineering department, 
which office he continued to hold until 
1925 when he was made appraisal engineer. 
His history with the American Telephone 
and Telegraph Company dates from 1927. 



Ernst Weber (A’31) visiting professor 
of electrical engineering, Polytechnic Insti¬ 
tuted Brooklyn, N. Y., has been awarded 
the 1931 A.I.E.E. national prize for initial 
paper, for his paper "Field Transients in 
Magnetic Systems.” Doctor Weber was 
born at Vienna, Austria, and received his 
diploma as engineer from the Technical 
University in Vienna, April 1924; 2 years 
later his Ph.D. Was conferred upon him 
by the same institution. In 1929 he earned 
What is termed “Privat dozent” (extraor¬ 
dinary professorship) at the Technical 
University at Berlin-Charlottenburg in the 
department of electrical engineering. After 
graduating in 1924 he was research engineer 
for Oesterreichische Siemens-Schuckert- 
Werke at Vienna in the department of 
electrical machine design. He then went 
with the Siemens-Schuckert-Werke in Berlin 
as research engineer in the electrical ma¬ 
chinery department and continued there 
until 1930 when he came to the United 
States. Here he took up his present work 
at tiie Polytechnic Institute of Brooklyn 
in postgraduate lectures on electromagnetic 
theory, advanced circuit theory, and con¬ 
formal mapping of high voltage problems. 
In September of 1931 he was made research 
professor of electrical engineering, still 
continuing with postgraduate lecturing, 
adding "higher mathematical analysis and 
its application” to his other subjects of dis¬ 
course. 

Doctor Weber is a member of the Vien¬ 
nese' Institute of Electrical Engineers 
(1923); the Berlin Society of Applied 
Mathematics and Mechanics (1929) and 
Institute of Electrical Engineers (Germany) 
(1930). Only recently has become a mem¬ 
ber of the American Physical Society. He 
has been an abundant contributor to tech¬ 
nical literature both here and abroad. 


L. V. Bewley (A’27) of the power trans¬ 
former department, General Electric Com¬ 
pany, Pittsfield, Mass., has been awarded 
the 1931 A.I.E.E. national prize for best 
paper in theory and research, for his paper 
"Transient Oscillations in Distributed Cir¬ 
cuits With Special Reference to Transformer 
Windings.” Bom at Republic, Wash., 
Mr. Bewley* attended grade and high 
: schools at Boise, Idaho. During the war, 
he left high School to serve as a machine 
guhner, Spending 19 mbnths, out Of the 28 
he was in service, in France. Upon his 
return to the United States he entered the 
University Of Washington and in 1923 re- 
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ceived his B.S. in E.E. He joined the 
General Electric Company’s test course, 
its 3-year advanced course in en ginpprin g j 
and the Union College G.E. cooperative 
course, receiving from the latter in 1927, his 
M.S. degree. Mr. Bewley’s work has in¬ 
cluded design of induction motors, high- 
voltage bushings, synchronous converters, 
a-c. generators and motors, coupling ca¬ 
pacitors, and power transformers. For the 
past few years he has been engaged with 
special problems of semi-theoretical and 
mathematical nature, and for the past 6 years 
in the General Electric evening courses he 
has taught advanced circuit theory (Max¬ 
well, Heaviside, symmetrical components, 
system stability, etc.). He has contributed 
liberally to the Institute’s literature, both 
with regard to technical papers and active 
discussion. He still holds a captaincy in 
the U.S. Engineers Reserve Corps. 


V. A. Hoover (A’32) has received the 
1931 A.I.E.E. Pacific District prize for 
initial paper, the decision being based upon 
the high quality of his paper entitled "Cor¬ 
relation of Induction Motor Design Fac¬ 
tors.” At the present time Mr. Hoover is 
engaged in the duties of a research assistant 
at the California Institute of Technology, 
where he is associated with Dr. S. J. Bar¬ 
nett, professor of physics, in special work 
on the nature of the elementary magnet in 
cobalt and nickel alloys. Under Dr. R. W. 
Sorensen (A’07, F’19) he also has been a 
teaching fellow in the institution’s depart¬ 
ment of electrical engineering. His Ph.D 
degree was conferred upon him by Cali¬ 
fornia Institute of Technology in JL931 jipon 
the completidh of a course in electrical en¬ 
gineering, physics, and mathematics, the 
culmination of an 8-year period of work, 
undergraduate and graduate. Mr. Hoover 
has acquainted himself with the practical 
side of the profession also by summer work 
with the Southern California Edison Com¬ 
pany, Ltd., at Los Angeles, Calif., where his 
duties were in connection with substations 
and meter testing, and by a part-time ser¬ 
vice with the U. S. Electrical Manufacturing 
Company of Lois Angeles, as motor de¬ 
signer. His native city is Leadville, Colo. 


E. W. Palmrose (A’32) who for his paper 
"Vacuum Tube, Voltage Regulators” has 
received the 1931 A.I.E.E. Pacific District 


prize for Branch paper, was born in Finland. 
Upon graduation from the University of 
California, Berkeley, Calif., May 1931, he 
received his B.S. in E.E. His first practical 
work was as an apprentice machinist in the 
shops of the Hammond Lumber Com¬ 
pany, Samoa, Calif.; this occupied him 
from 1925 to 1928, when after a brief 
interim he became connected with the 
Pacific Telephone and Telegraph Company, 
at Eureka, Calif. His position as drafts¬ 
man with the Southern Pacific Golden 
Gate Ferries, Ltd., San Francisco, Calif., 
dates from late in 1929, on part time until 
his graduation from the university in May 
1931, and full time beginning with June of 
that year; present activities include re¬ 
pairs to slips and wharves, the design of 
hydraulic bridge lifting machinery, parts 
for Diesel engines, steam condensers, and 
electric steering gear indicators for Diesel- 
electric ferries. The paper for which' Mr. 
Palmrose was awarded the 1931 A.I.E.E. 
Pacific District prize for Branch paper was 
based upon the thesis prepared for his degree 
of B.S. in E.E. 


N. R. Damon (Enrolled Student) Uni¬ 
versity of Colorado, Boulder, Colo., and 
coauthor of the paper "New Ideas for High 
Voltage Circuit Breakers” shares with 
C. A. Church (Enrolled Student) in the 
award of the 1931 A.I.E.E. North Central 
District prize for Brandi paper. Mr. 
Damon is a native of Hollenberg, Kans. 
He received his high school education at 
Laporte and Cheyenne Wells, Colo., and 
his technical training at the University of 
Colorado, from which he was graduated 
June 1931 with the degree of B.S. in E.E. 
His work at the present time is In graduate 
study and research at the University of 
Colorado, prerequisite to his master's de¬ 
gree in electrical engineering June 1932. 
Mr. Damon and Mr. Church are alsa 
fraternity brothers in Tau Beta Pi, Eta 
Kappa Nu, and Sigma Xi. 


J. S. Brown (A’23, M’31) who was for¬ 
merly engineer in the electrical division of 
the Stone mid Webster Corporation, Boston, 
Mass., arid still earlier identified with engi¬ 
neering projects of the firm of McClellan 
and Junkersfdd, Inc., and also that of 
Dwight P. Robinson Company, New York 
City, in responsible charge as electrical 
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engineer, assistant superintendent of con¬ 
struction in charge of field forces, and elec¬ 
trical construction superintendent, now 
lias tentatively entered upon a consulting 
engineering practise of his own in electrical 
and. industrial fields, at Petersburg, Va. * 

12. B. Crane (A’23) previously with the 
Ohio Edison Company’s Youngstown office 
as assistant ^engineer, effective June 1, 1932, 
was transferred to its central engineering 
department at Akron, a recently created 
division for the coordination and standard¬ 
ization in engineering design, practise, and 
materials. 

R. h. Park (A’27), until recently an 
<ilectrical engineer with the Stone and 
Webster Engineering Corporation, Boston, 
Ivlass., is now affiliated with the Calco 
Obemical Company of Bound Brook, N. J., 
where he is engaged in research in mathe¬ 
matical physics and the design of equip¬ 
ment. Mr. Park’s work with Stone and 
Webster included design and operating 
problems in connection with various plant, 
structure, and equipment projects handled 
by that concern, particularly in connection 
witli special analyses. 

A.. E. Kknneixy (A’88, F’13, and past- 
president) professor emeritus of electrical 
engineering at Harvard University, Cam¬ 
bridge, Mass., on July 0,1932, at a meeting 
in 2?aris, France, was chosen vice-president 
of the. International Electrical Congress 
wbich convened there July 4-12, and at 
wbiclj approximately 1,300 delegates of 11 
nations discussed from the angle of pure 
science electrical subjects of the day. 

S.' P. Grace (A’03, F’2l) assistant vice- 
president of the Bell Telephone Labora¬ 
tories, Inc., recently received from the 
TJniversity of Michigan the honorary degree 
of Doctor of Engineering, and from Notre 
Dame the honorary degree of Doctor of 
Laws. (The announcement in Electrical 
ISncsineering, July 1932, p. 530, did not 
state that the University of Michigan degree 
was an honorary degree.) 

■W. D’A. Ryan (A’02) who has been 
serving the General Electric Company of 
Sdaeneetady, N. Y., as director of its 
illuminating engineering laboratory, re¬ 
cently was named consulting engineer of 
the company’s lighting section. 


R. A. Krasovec (A’31) whose work dur¬ 
ing the last several years has been that of 
chief electrician, U.S. Army Post, Mitchell 
Field, New York, N. Y.; electrician D. L. & 
W. Railroad, Hoboken, N. J., and of the 
New York Central Railroad, Cleveland, 
Ohio; chief electrician of th^ Lackawanna 
Anthracite Coal Mining Company, Van- 
dling, Pa., and fibm 1929-31, electrical fore¬ 
man of the Andes Copper Mining Company, 
Chanaral, Chile, S. A., now has jointed the 
Corte«Engineering Company of New York 
City, as sales engineer. 

•J 

W. M. Williams (A’25) who has been 
serving Roth Brothers Company of Chicago, 
Ill., as electrical engineer, recently joined 
the Century Electric Company of St. Louis, 
Mo. 

A. A. Schuhler (A’19, M’27) who re¬ 
cently was sales engineer for the Connecti¬ 
cut Telephone and Electric Corporation, at 
Meriden, Conn., now is chief sales engineer 
of Stanley and Patterson, Inc., New York, 
N. Y. 

C. E. White (A’30) previously located at 
Salt Lake City, Utah, and at one time 
identified with the General Electric Com¬ 
pany’s general test work on electrical 
machinery, and with transformer engineer¬ 
ing design, now has joined the Ohmite 
Manufacturing Company of Chicago, Ill., 
as electrical design and production engineer. 
Mr. White is past-chairman of the A.I.E.E. 
Student Branch at the University of Utah, 
and past-assistant secretary of the Insti¬ 
tute’s Fort Wayne Section. 

m 

W. B. Hopkins (M'20) who for the past 
2 years has served the Stone and Webster 
Engineering Corporation of New York, 
N. Y., as a vice-president, engineering 
manager, and a director, has tendered his 
resignation, effective June 30, 1932. 

C. L. Fortescue (A’03, F’21) who is 
consulting transmission engineer for the 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., and a 
frequent contributor to A.I.E.E. technical 
literature,\ in both papers and discussion, 
has been chosen by The Franklin Institute 
to receive the Elliott Cresson Medal, for 
"his work in presenting theory and ap¬ 
plication symmetrical components for 
studying balanced and unbalanced a-c. 


circuits,” the subject of a paper which he 

recently presented at a statistical meeting 

of The Franklin Institute, Philadelphia, Pa. 

* 

H. C. Forbes (A’25, M’30) who for the ^ 
past 5 years has been research engineer in a 
the electrical engineering department of the 
New’York Edison Company, New York, 

N. Y., recently was appointed system 
engineer. Mr. Forbes’ history with the 
company dates from 1924 when he joined 
the electrical engineering department as 
assistant to the chief electrical engineer. 

W. B. Campbell (A’30) who for the past 
year or so has been serving the Delta Star 
Electric Company, Chicago, Ill., as assistant 
engineer, now is assistant curator of motive 
power at the Museum of Science .and 
Industry in Chicago. 

C. W. Adams (A’20) formerly manager of 
the carbon products division qf the United 
States Graphite Company, of Saginaw, 
Mich., is now with the California Public 
Service Company, as its division manager 
at Fort Bragg, Calif. 

A. C. Bates (A’31) who was research 
assistant at Purdue University, West 
Lafayette, Ind., now is identified with the 
University of Pennsylvania at Philadelphia, 

Pa., as instructor in the department of 
mechanical engineering. 

- a 

K. W. Jarvis (A’25) who was radio 
engineer of the United States Radio and 
Television Corporation, at Marion, Ind., 
and who has served the Institute of Radio 
Engineers on several of its committees, 
now is assistant chief engineer ot* the "Zenith 
Radio Corporation in Chicago, Ill. 

C. F. Hirshfbld (A’05) chief of Detroit 
Edison Company’s research department and 
a manager of The Aniterican Society of 
Mechanical Engineers, recently was honored 
with the degree of Doctor of Engineering 
by Rensselaer Polytechnic Institute, Troy, 

N. Y. 

J. L. McQtjarrib (A’07, F’26) who has 
been serving the International Telephone 
and Telegraph Company, New York, N. Y., 
as a vice-president and chief engineer, has 
tendered his resignation and will retire 
from these connections. 
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Gerard Swope (A’99, F’22) president 
of the General Electric Company, New 
York, N. Y., was given the degree of 
Doctor of Science recently by Washington 
University, at St. Louis, Mo., his native 
city. , 

F. A. Rogers (A’06, M’28) professor of 
physics and electrical engineering at Lewis 
Institute of Technology, Chicago, HI., has 
been appointed dean of its engineering 
faculty. 

A. J. Smith (A’22, M'29) who has been 
serving the General Water Works and 
Electrical Corporation, New York, N. Y., 


* / - 
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as vice-president now has*opened a consult¬ 
ing engineering office in Vancouver, B. C., 

Can. • 

• 

C. A. Robinson (A’ll, F’22) who prior to 
becoming assistant vice-president of the 
* Chesapeake and Potomac Telephone Com¬ 
pany was its chiet engineer, recently was 
given the new office of general manager. 
His headquarters will be at Charleston, W. 
Va. For one year (1926-27) Mr. Robinson 
was chairman of the Institute’s Washington 
(D. £.) Section, and for 2 yearn (1927-29) 
was a member of its communication com¬ 
mittee. 

Rolf Alvung (A’ 26) previously associ¬ 
ated with the Standard Steel Car Com¬ 
pany, Hammond, Ind., as an electrical 
engineer, now is with the Chicago Great 
Western Railroad, Chicago, Ill., in like 
capacity. 

R. ,A. Connor (A’17) for the past year 
has been Pacific Coast manager of the 
National Electric Products, Inca manu¬ 
facturing division, Los Angeles, Calif.; now 
die is western manager of the Phelps Dodge 
Copper Products Corp., Inca manufactur¬ 
ing division, in the same city. 

P. db G. Baldwin (A’31) who last year 
was serving the RCA Photophone Inc., of 
Philadelphia, Pa., as installation and service 
pnginppr now is broadcast engineer of the 
WAI1R radio station at Zanesville, Ohio. 

Newton Jackson (A’14, M’17) electrical 
engineer for the Virginia Public Service 
Company, at Charlottesville, Va., has been 
transferred 1x> the company’s office at 
Alexandria, Va. 

F. I. Lawson (A’22) assistant engineer of 
the division of hydroelectric and trans¬ 
mission engineering of the Pacific Gas and 
Electric Company, San Francisco, Calif., 
recently joined that company’s bureau of 
tests at Emeryville, Calif. ' 

fi. H. Cox (A’08, M’27) of the depart¬ 
ment of water and power, Los Angeles, 
Calif., has been appointed to the executive 
committee of the Los Angeles Electric 
Club for the year 1932-33. 

F. J. Bartholomew (A’26) president of 
Electric Power Equipment, Ltd., Van¬ 
couver, B. C., is a director of the Vancouver 
Electric Club, for the current term of ser¬ 
vice. 

J. D. Ross (A’08, F’12) has recently 
received his reappointment to the office of 
superintendent of the city light department, 
■Seattle, Wash., a service which he already 
has rendered that city over an extended 
period during consecutive years. 

S. E. Doane (A’89, FT2) consulting 
engineer, New York, N. Y., has received 
election as a vice-president of A. F. Hatch 
and Company, Inc., New York, N. Y., a 
reorganizing and refinancing body for 
firms in distress. . r 
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William ^olcott Tefft (M’26) con¬ 
sulting engineer of Jackson, Mich., died on 
June 24,1932, at the Doctor Cowie private 
hospital in Ann Arbor, Mich. Mr. Tefft 
had for many years been prominent in the 
power activities of Michigan and sur¬ 
rounding states, ajjid many of the out¬ 
standing developments of this region are 
credited to him. He was bom at Milbank, 
S. D., in 1882, receiving his B.S. in C.E. in 
19t)7 from the University of Michigan; in 
1930 he received the honorary degree of 
doctor of civil engineering from the same 
institution. In 1910 he married Ethel L. 
Foote, daughter of W. A. Foote, who with 
his brother founded the Consumers Power 
Company. He began his professional 
career in 1902, spending summers as a rod- 
man with surveying parties in electric 
railway construction, and later engaged in 
federal water power surveys until 1906. 
1907-8 found him as resident engineer for' 
the construction of a hydroelectric plant at 
Superior, Mich. His first connection with 
the Fargo Engineering Company, Jackson, 
Mich., was in 1908; here hejcontinued as a 
member of the firm until 1919, having 
complete supervision of work on a large 
number of dams, many of them important 
plants on what is now the system of the 
Consumers Power Company. During this 
period he invented the Tefft conduit spill¬ 
way which is daimed to reduce hydro¬ 
electric construction costs in some instances 
as much as 42 per cent. „ During the World 
War he investigated and reported to the 
government on water power possibilities in 
Michigan and Wisconsin. Continuing with 
offices in Jackson, he was consulting 
hydraulic and dvil engineer for Hodenpyl, 
Hardy and Company between 1919 and 
1924, and from this latter date until "1928 
was vice-president and chief engineer of the 
Commonwealth Power Corporation and sub¬ 
sidiary companies, induding the Consumers 
Power Company. In 1928 he entered pri¬ 
vate practise as a consulting engineer and in 
1929 rejoined the Fargo Engineering Com¬ 
pany as vice-president, in which office he 
continued until his death. Since 1930 he 
has been also president of the General 
Power Corporation. Mr. Tefft was the 
author of i&any technical articles, 'and a 
member of the American Society of Civil 
Engineers, The American Sodety of Me¬ 
chanical Engineers, Michigan Engineering 
Sodety (director), National Electric Light 
Assodation, the American Sodety of 
Military Engineers, the American Sodety 
for the Advancement of Science, and 
American Men of Sdencq. He was a 
member of the American committee to the 
World Power Conference, and was president 
of the board of trustees of Albion (Mich.) 
College. He was honored in 1929 by 
membership in Sigma Xi "for accomplish¬ 
ments in hydraulic engineering.” Mr. 
Tefft has been activ^ in church work. The 
dubs of which he was a member indude 
the Rotary, Torch, Jackson City, Jackson 
Country, Jhckson (Jun, and the Bras 
Coupe Hunting and Fishing Clubs. 


Robert Baird Williamson (A’02, F’12) 
for many years in charge of the Allis- 
Chalmers Manufacturing Company’s divi¬ 
sion on a-c. rotating machinery, at Mil¬ 
waukee, Wis., died June 26, 1932. Mr. 

° Williamson, who was bom at Smith’s Falls, 
Ontario, Can., 69 years ago, was graduated 
from Cornell University, Ithaca, N. Y., in 
1893. Two-years of dectrical construction 
work was followed by 2 years as chief 
draftsman for the Canadian General Elec¬ 
tric Company. During the 3 years follow¬ 
ing 1897, while serving as an instructor in 
electrical engineering at Lehigh University, 
Bethlehem, Pa., the textbook "Alternating 
Currents” was written with Prof. W. S. 
Franklin as coauthor. This book for a 
score of years was standard in leading engi¬ 
neering colleges. From 1899 to 1906 Mr. 
W illiams on served as prindpal of the elec¬ 
trical engineering department of the Inter¬ 
national Correspondence Schools. In 1906 
he joined the Norwood, Ohio, plant of the 
Allis-Chalmers organization. His manner 
was quiet and unassuming and one which 
would inspire confidence immediatdy. The *• 
27 years during which he was a member of 
the engineering staff of the Allis-Chalmers 
Manufacturing Company incfuded a period 
of great expansion in the electrical industry, 
marked by the adoption of machinery of 
ever increasing size; many machines de¬ 
signed under Mr. Williamson’s supervision 
have established world’s records for size 
and efficiency. He has been a frequent 
contributor to A.I.E.E. literature, has 
served on the board of managers and as a 
member of the following technical com¬ 
mittees: industrial and domestic power 
(1916-20); iron and steel industry (1916- 
20); power stations (1919-24); standards 
(1916-22); U.S. National committee of the 
International Electrotechnical Commission 
(1919-27); Edison Medal (1921-23); elec¬ 
trical machinery (1921-32); and the Lamtne 
Medal committee (1930-32). He also 
served as the Institute’s representative on 
American Engineering Council (1924-26). 
Mr. Williamson was a member of the honor¬ 
ary scientific fraternity, Sigma Xi, the 
Engineers Society of Milwaukee, the Uni¬ 
versity Club, Westmoor Country Club, and 
a trustee of the Milwaukee Calvary Pres¬ 
byterian Church. 


Basil Condon Battyb (M’21) the 
A.I.E.E.’s local honorary secretary for 
India with headquarters at Lahore, and 
chief engineer of the hydroelectric branch 
of the Punjab Public Works Department, 
was killed in a motor accident which 
occurred May 16, 1932, near Batala, dis¬ 
trict of Gurdaspur, India. Although born 
in Punjab, Colonel Battye received prac¬ 
tically all of his schooling in the various 
preparatory institutions and colleges of 
Great Britain; this included a year at the 
Royal Military Academy at Woolwich, and 
a year and a half at the School of Military 
Engineering, at Chatham, England. In 
1903 at the age of 21 he became a lieutenant 
in the 53rd Railway Company of Royal 
Engineers, the next year advancing to 
military assistant field engineer. In 1908 
still in the English army, but working in a 
civilian capacity, he took what was termed 
"specialist training” with various firms in 
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England. Again returning to the strictly 
military field, lx e became officiating super¬ 
vising electrical engineer of the Mili tary 
Works Depar^ftn.erx't, with headquarters at 
Simla, India. following this he served as 
deputy assistant director general also *>t 
Simla military hea. dquarters. From 1910 
to 1914; his government loaned him to the 
3?unjab Public 'Woarlcs Department, where, 
as engineer-in-charge, he designed, con¬ 
structed, *md operated the Simla hydro¬ 
electric and water works extensions. This 
work was followed toy a tour of Switzerland 
for the purpose of inspecting all hydro¬ 
electric plants of importance in that coun¬ 
try. • November 19 14 he was in command 
of the 21st Company, 3rd Sappers and 
Tdiners, of Lahore Division in France; 

toere he organized the trench searchlight 
service. He was wounded in the early part 
of 1915, but upon recuperation returned to 
action and became field engineer of the 
Lahore Division, later in that same year 
toeing made general staff officer, 3rd to 1st 
grade. In 191*7 toe became assistant engi¬ 
neer-in-chief, general headquarters, in 
charge of the forward transportation de¬ 
partment; in 1918, chief engineer, G. H. Q. 
defence scheme; and later that same year, 
general staff officer, 1st grade, 34th Divi¬ 
sion. During the war he was 7 times 
mentioned in. military dispatches to En¬ 
gland and in 1910 received the D. S. O. 
Upon return to civilian life in 1919 he be- 
toecanie engineer-in-charge of the Sutlej 
River hydroelectric project, then under 
investigation, with, surveys to complete and 
design and estimates to prepare. His 
connection with the Punjab public works 
department took: him out upon many 
missions of design and construction. It 
was while on a company errand that he was 
fatally injured, in a motor crash. He was 
an associate member of the British Institu¬ 
tion of Civil Engineers and the Institution 
of Electrical Engineers, and also of the 
American Society of Civil Engineers. 


in 1898, he won his degree of M.E. in E.E. 
This, however, was 2 years subsequent to his 
first practical professional work when he 
served the Excelsior Electric Company of 
Brooklyn, N. Y., in its drafting and testing 
departments. For a short period he was 
with the Fort Wayne Electric Company 
(Indiana), as assistant tcJ the electrical 
engineer, and upon leaving this company in 
1899, he became assistant electrical engineer 
for the Siemens and Halske Electee Com¬ 
pany, of Chicago, Ill. Here he remained 
until late in the year 1900, when he joined 
the New York Transportation Company, 
New York, N. Y., first in its electrical 
engineering department, and later becoming 
treasurer. His record with the Diehl 
Manufacturing Company covers a period of 
more than 25 years, always in the office of 
chief engineer. He was a member of the 
Institute’s electrical machinery committee 
1926-27,1928-31. 


Richmond Talbot (A’02 and Life Mem¬ 
ber) who has been a member of the firm 
of Sanderson and Porter, an engineering 
concern of New York City, died at his home 
in Tuxedo, N. Y., May 26, 1932. He was 
59 years of age and a native, of New York 
City. After a primary education obtained 
in the Cutler private §chool of New York 
City, Mr. ^Talbot attended the Philips 
Exeter Academy, later graduating from 
Harvard University with the class of 1896. 
For about a year thereafter he was asso¬ 
ciated with the Marsh Plate Glass Com¬ 
pany of Pittsburgh, Pa.; then he returned 
to New York City to become a member of 
the firm of Sanderson and Porter, at that 
time active in electric lighting and railway 
design, construction, and operation; hy¬ 
draulic development, and transmission. In 
1899 in addition to his duties with Sanderson 
• • 




and Porter, hs took over the general 
managership of the Tuxedo Electric Light 
Company, at Tuxedo, N. Y., his place of 
residence. In his Sanderson and Porter 
affiliation he was associated with many 
important public utility and industrial 
activities organized and built up by his * 
firm, and with their management ancf • 
operation. His social"* dubs induded the 
Union, Racquet and Tennis, New York 
Yacht, City Midday, Hsfrvard (N. Y.), St. 
Nicholas Sodety, Tuxedo, and the Harvard 
Club of Boston. 


Frank Haye (A’31) electrical mechanic 
of the Industrial Electric Motor and Tool 
Company, Inc., New York, N. Y., died 
suddenly June 9,1932, in New York, N. Y., 
of heart failure. He was bora in Tettnang, 
Germany, March 8, 1903. He attended a 
trade school, studying dectrical engineering, 
in Munich, becoming an dectrical mechanic. 
From 1917 to 1920 he served an apprentice¬ 
ship in his native town; then early in 1921 
he engaged as mechanic with a’firm in 
Friedrichshafen, Germany. This experi¬ 
ence which was of short duration was fol¬ 
lowed by 2 years as dectridan hdper foj: a 
number of local business interests in 
Munich, Germany. The first of the year 
1923 found him engaged as electrical 
mechanic for Mittlere Jsar A. G., Munich, 
where he remained until the fall of 1924 
when he became salesman of tools, for 
commercial interests at Koenigsberg e. P. 
The following fall he went to Stockholm, 
Sweden, as* dectridan for WeiHenhoffs 
Elektriska Aktiebolag, serving in this 
capacity with this and another firm until * 
March 1927 when he came to the United 
States and engaged with the company with 
which he was connected al ffe time of his 
death. 


Archibald Johnson Robertson (A’16) 
substation manager for the Mt. Whitney 
division of ttoe Southern California Edison 
Company, X/td., at Visalia, Calif., died 
suddenly June 13, 1932, in that city. 

Bora in Cleveland, Ga., September 19, 
1876, he spent -fctoe period 1894-98 in at¬ 
tendance at Georgia School of Technology 
at At lant a. His first commercial work was 
with the Fulton Hag and Cotton Mills in 
that city; tout. toe remained with these 
interests for less than a year and in 1899 
joined the Hardy Tyne Manufacturing 
Company at Birmingham, Ala. Later in 
the same year he became operator of various 
* hydroelectric plants of the Mt. Whitney 
Power and Electric Company (subsequently 
a unit of the Edison system). His affiliation 
with this company continued unbroken 
up to the time of toi s death. 


Hbnry LYtss Zabriskie (A’03) who has 
"been serving ttoe Diehl Manufacturing 
Company, of Elizabethport, N. J., as chief 
engineer, died ttoe evening of July 10, 1932. 
He was born in Hew Baltimore, N. Y., 
January 26, 187-7 ; from Cornell University. 
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District No. 6 Holds 

Annual Student Conference 

<• * ‘ 

In attendance at the six'ch annual con¬ 
ference of student branches held by the 
Institute’s North Central District (No. 
6) April 15 and 16,1932, at the University 
of Denver, Denver, Colo., were 73 members, 
delegates and other interested parties, most 
of whom took part in the many active dis- 
•cussions. Two sessions of the conference 
were held, one Friday afternoon, and one 
Saturday morning, both presided over by 
District Vice-President P. H. Patton of 
Omaha, Neb. Friday evening, April 15, 
the delegates to the conference were guests 
of the Denver Section at dinner, following 
which Dr. Charles A. Lory, president of the 
Colorado State Agricultural College, Ft. 
Collins, addressed the group on the subject 
of “Rural Electrification,^ a subject of 
local and timely interest which aroused ex¬ 


tensive discussion. At the Friday after¬ 
noon session, the following papers were pre¬ 
sented: 


Detailed Rbpokt’on the 1931 Annual Summer 
Convention, by H. F. Rice, student counselor, 
University of North Dakota Branch, and M. S. 
Coover, secretary District No. 6. 

Observations on the Success and Failure of 
Engineering Graduates, by R- B. Bonney, educa¬ 
tional director. Mountain States Telephone and 
Telegraph Company, Denver, and A. H. Heltzler, 
superintendent, electric department. Public Service 
Company of Colorado, Denver (two papers). 

The Importance of a good Command of En- 

GLISB IN THB LlFB OF TH B ENGINBBR, by P. H. Fat- 


ton, District vice-president. 

What Should Be the 

Present Day Life?, by W. C. DuVall, stndent 




The Saturday morning session was 
opened by an address by Dr. W. D. Engle, 
vice-chancellor of the University of Denver, 
who voiced the official welcome to the dele¬ 
gates to the conference. Presented at the 
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Saturday morning session w^re the following 
papers. 

What Should Be thb Place op the Engineer 
in Present Day LifbV by H. S. Rush, student 
counselor. North Dakota Agricultural College 
Branch, and W. M. Ely, chairman, University of 
Nebraska Branch (two papers). 

How Can the Branch Aid in Developing Per* 

. SoNALITY AND LEADERSHIP AMONG ITS MEMBERS? 
by C. W. Caldwell, counselor, University of South 
Dakota Branch, F. W. Cooper, chairman, Univer¬ 
sity of Colorado Branch, and L. J. Schwehr, chair¬ 
man, North Dakota Agricultural College Branch 
(three papers). 

How Can the Branch Aid the Htgh School 
Senior and the College Freshman to Deter¬ 
mine B/s Adaptability for an Engineering 
Career? by L. C. Trussler, chairman, University 
of Denver Branch, A. J. Redmann, chairman, 
University of North Dakota Branch, and H. L. 
Fry, chairman. South Dakota State School of 
Mines Branch (three papers). 

Should Engineering Schools Modify Their 
Curricula to Better Meet Present Day 
Economic Conditions? by G. H. Sechrist, coun¬ 
selor, University of Wyoming Branch, and J. O. 
Hammerman, counselor, South Dakota State 
School of Mines Branch (two papers). 

To What Extent Should Students Be Urged 
to Become Members of the A.I.E.E.? by F. W. 
Norris, counselors University of Nebraska Branch] 

L. Johnsdh, chairman, University of South Dakota 
Branch, and N. H. Sanders, chairman, University 
of Wyoming Branch (three papets). 

The conference took action on the ques¬ 
tion of the seventh annual District con¬ 
ference, assigning it to the South Dakota 
State School of Mines, Rapid City, S. Dak., 
for the spring of 1933. Conference action 
also induded the election of Prof. H. S. 
Rush, counselor of the North Dakota Agri¬ 
cultural College Branch, as chairman of the 
committee on student activities for the 
North ©entral District, to succeed Prof. 

H. F. Rice, counselor of the University of 
• North Dakota. Professor Rush attended 
the annual summer convention at Clevdand 
in June 1932 as the counselor delegate from 
District No, 6. e • 

Analysis of“the attendance of the District 
conference is as follows: 

District officers 2 . ‘ 

» Student counselors 8 ' ' 

Branch chairmen 8 

Students, Colo.'state Teachers College 3 i 

Students, Univ. of Denver 4 i 

Students, Univ. of Colo. 4 . 

Mountain States Tel. & Tel. Co. 8 ' 

Public Service Co. of Colo. 16 

General Electric Co. 4 1 

Colo. Agricultural College 2 * 

Univ. of-Golo. 3 

Univ. of Denver 2 ( 

Consulting engineers and others 9 1 


dents: Design and Construction of a Labora¬ 
tory Arc Furnace, by E. J. Emmerling; Mea¬ 
surement of Modulation, by J. Epstein; Mea¬ 
surement of Radiation, by C. L. Ramsey; Con¬ 
stant Radio Frequency, by A. C. Hereweh. 
May 12. Att. 140. 

Columbus 

Astronomy and Human Affairs, by Prof. H. T. 
Stetson, Ohio Wesleyan Univ. Election of officers: 
K. Y. Tang, chi£n.; Roy Mallory, vice-chmn.; 
H. L. Willson, secy.-treas. June 3. Att. 30. 

Detroit-Ann Arbor • 

Election of. officers: O. E. Hauser, chum.; J. R. 
North, vice-chmn.; R. Foalkrod, secy.-treas. 
Golf and dinner. June 18. Att. 43. „ 


Pnat 

Brandi 


taction jMfoetinflrs 


Atlanta 

Functions of a Public Service Commission, 
"7 J®htos A. Perry, Georgia Pub, Serv, Commission. 
June 6 . Att. 230. 

Boston 

. Annual meeting. Election of officers: F. D 
Hallock, chma.; W. H. Timbie, vice-chmn.; 

■ J- Crowdes, secy.-treas. May 17. Att; 120. 
Cincinnati 

•'.1 Joiirf meeting with the Univ. of Cincinnati 
Branch. The following papers presented by stu- 


Houston 

Election of officers: James B. Arthur, chmn.; 
P. H. Robinson, secy.-treas. Dinner. May 31. 
Att. 81. 

Ithacar 

Teletypewriter Systems, by B. K. Boyce. 
N.Y.Tel. Co. April 22. Att. 160. 

Election of officers: W. E. Meserve, chmn.; 
B. K. Northrop, secy.-treas. June 3. 

Louisville 

Business and recreational meeting. Election of 
officers: C. M. Ewing, chmn.; L. 0. AHar^s 
secy.-treas. June 17. Att. 72. 

Memphis 

Inspection trip through the Memphis Pwr. and 
Lt. Co. June 21. Att. 65. 

Mexico 

Outlook of Railroad Electrification in 
Mexico, by P. Gomez Pena, Natl. Rys. of Mexico. 
Dinner. June 16. Att. 36. 

Minnesota 

Annual dinner danee. Election. of officers: 
J* Fierce, chmn.; E. H. Hagensick, vice-chmn.; 
R. R. Herrmann, secy.-treas. June 3. Att. 88 . 
San Antonio 

Organization and Cooperation vs. Individual 
Ability, by M. C. Johnson, J. C. Penny Co 
Dinner. May 28. Att. 57. 

San Francisco * 

Adventures in Science, by Ellis L. Manning. 
Genl. Elec. Co, Dinner. May 31. Att. 1150. 
Sharon # 

Ultra Violet and Its Application,' by G. W. 
Keown, Westinghouse Lamp Co. Film—"Hydro 
Electric Power Development in the New South ” 
June 14. Att. 98. K 

Spokane 

History of the Electrical Development of 
the Inland Empire, by John B. Fisken, Washing¬ 
ton Water Pwr. Co. May 26. Att. 14. 

Toledo 

Research as a Tool of Industry, by Dr. W. E 
Wickenden, Case Sch. of Applied Science. April 5. 
Att. 700, 


Problems in Designing of Larob Alternating 
Current Generators, by S. H. Mortensen, 
Allis-Chalmers Mfg, Co. Ulus. April 15. * Att. 28. 

Application of Electricity in Industry, by 
Ralph Paxton, Toledo Edison Co. May 20. 
Att. 30. 

Modern Engineering Achievements, by 
C. L. Proctor, Toledo Edison Co.; Hum^nbbring, 
by S. K. Mahon, Toledo Edison Co. Election 
of officers: I. H. Heitkamp, chmn.; E.H.'Howell, 
vice-chmn.; W. M. Campbell, secy.-treas. June 
15. Att, 28. 

Urbana 

Election of officers: E. A. Reid, chmn.; H. N. 
Hayward, vice-chmn.; L. L. Smith, secy. May 16. 
Att. 14. 

Vancouver » 

Annual meeting. May 21. Att. 23. 

Election of officers: G. R. Wright, chmn.; L. B. 
Stacey, vice-chmn.; D. M. Johnstone, #secy. 
June 6 . Att. 21. 

Washington 

Clbvbland-Bmbrson Dial Project, by J. A. 
Remon, Chesapeake & Potomac Tel. Co. Dinner. 
April 12. Att. 160. 

Functions and Operation of Meter Depart¬ 
ment, by W. H. Fellows, Potomac Elec. Pwr. Co. 
Election of officers: Prof. T. J. MacKavanagh, 
chmn.; Roland Whitehurst, vice-chmn.; E. T. 
Walker, secy.-treas. Dinner? May 10. Att. 75. 


Armour Institute of Technology 

Election of officers: H. Rychlick, chmn. ; R. 
Snelling, vice-chmn.; H. Schwennesen, secy.; 
" E. Dumser, treas. June 10. Att. 41.* 

3 . 

Carnegie Institute of Technology 
Electrical Achievements of 1931, by W. B. 
; SpCllmire, Genl. Elec. Co.; Experiences in the 
General Electric Student Test Course, by 
H. S. Young, Jr., Genl. Elec. Co. May 27. 
Att. 39. 

, Michigan College of Mining and Technology 

Election of officers; Jerome Williams, chmn.; 

I Leon Messenger, vice-chmn.; Fredrick Plaga, 
secy.; Robert Simpkins, treas. June 1 . Att. 12. 

P Milwaukee School of Engineering 

Progress of Aviation in the United States, 
by C. E. Mayhue, Kohler Aviation Corp. Elec¬ 
tion of officers: Gale Young, chmn.; Wm. Ketten- 
acker, vice-chmn.; Roy Christianson, secy.; 
Anthony Flout, treas. June 8 . Att. 102. 

University of Minnesota 1 

Election of officers: Paul Ericsson, chmn.; 
Arvid Tumquist, secy.-treas. May 24. Att. 36. 

University of New Hampshire * 

Election of officers: Roger Hunt, chmn.; Leslie 
Huse, vice-chmn.; Philip Thomas, secy. April 23. 
Att. 24. 

Thyratron Tubbs, by L. A. Barker, student; 
Characteristics of a Motor With a Centrifu¬ 
gal Pump Directly Connected to the Motor, 
by P. A. Rolfe, student; An Experiment on 
Concatenation, by V. T. Swain, student. May 
14. Att. 21. 

Transformer Harmonics, by H. J. Joyal, 
student; Electrical Transients, by H. Wood, 
student; Magnetic Brakes, by B. Booth, stu¬ 
dent. May 21. Att. 19. 

College of the City of New York 

_ Election of officers: John Ragazzini, chmn.; 
Charles Grossfeld, vice-chmn.; Richard Brill, 
secy.; G. B. Criss, treas. May 19. Att. 21. 

University of North Dakota 
Business meeting. May 25. 

Pratt Institute 

Shot-Gun Fuses, by A. F. Bruder, student. 
May 26. Att. 20. 

Election of officers: Galen Allison, chmn.; 
Raymond Farrell, vice-chmn.; Allan Tiffany, 
secy.; George Stringer, treas. May 27. Att. 30. 

Stanford University 

The Five Year Plan in Relation to Engi¬ 
neering, by P. M. Narbutovskih, student. Elec¬ 
tion of officers: George W. Dunlap, chmn.; G. E. 

J. Jamart, vice-chmn.; L. J. Lewis, secy.-treas. 
June 1. 

Texas Technological College 

Population Forecast, by Arthur Waghorn 
presented by J. P. Conner, students. Film— 
Speeding Up Our Deep Sea Cables." Election 
of officers: J. P. Conner, pres.; Walter Cox, 
viee-pres.; S. A. Cousins, secy.-treas. May 18. 
Att. 17* 

University of Washington 

Milwaukee Electrification, by R. Beeuw kes 
Chicago, Milwaukee, and St. Paul Ry. Co. Mav 
26. Att. 44. y 

University of Wisconsin 

Calculation of Magnetic Flux Density and 
Force Between Bus Bars, by W. E. Wyss 
student. March 8 . Att. 23. ' '' 

. Prospecting in Science, by M. W. Hanks 
Hankscraft Co. April 20. Att. 65. 

The Use of Models at Short Wave Lengths 
in Antenna Investigations, by G. H. Brown 
™ < v» students. Election of officers: 

W. E. Wyss, chmn,; H. H. Kieckhefer, vice-chmn.; 

L. A. Leifer, secy.-treas. May 18. Atjt. 26. 


Electrical Engineering 
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tmpIoT mei *l IVotes 

OfiL Engi*» eer * n 0 Societies Employmenl Service 


Positions 

Open 


EXEC. DESIGNING* ENGR, for oil switch di- 
vinion. Must be fully trained E.E. thoroughly ex¬ 
perienced in the modern design and construction 
<»f high tension overhead, equipment,. especially oil 
switches. Must have executive ability and speak 
tierman fluently. Apply by letter stating com¬ 
plete information as to age, education, experience, 
references, salary, etc. Location, Europe. W- 
ar/54-cs. 


Men 

Available 

Construction 

ASSOC. A.I.E.E., B.S. IN E.E., 33, single, 10 
yr. experience in construction with contractor, IV* 
yr. instructor in high, school, 21 yr. field engr. during 
a survey with utility. 0-8033. 

GRAD, E.E., 29, 5 yr. supervisory construction, 
«lesi«n, estimating and field engg. experience on 
*»taper-power plants and substations; 4 yr. tndus- 
rt'iul pwr. plant operation, elec, construction and 
tttstinienance experience; ry, electrification con- 
tit ruction experience. C-4428. 

PRACTICAL ELEC. CONSTRUCTION 
C KIEF, 32, single, 14 yr. experience in construc¬ 
tion and also maintenance work. Last 4 yr. in 
I-utill-America. Can speak Spanish and German 
fairly well. Available immediately. Location, 
immaterial. C-2101. 

XYesIgn and development 

GRAD. E.E.. 1923, 31, single. Design 

off steam and hydro gen. stations. Substations, 
t> wr.' transmission lines and industrial installations. 
Available immediately- Location, immaterial. 
I>-1008. 

U.S. GRAD., 29, single. 2 yr. additional study 
in accounting, 2 yr. experience on elec, wiring of 
isltltts., 6 yrs. experience on elec, and mcch. design, 
development, and lab. work on fans and small 
motors with leading mfr. Also experience in draft¬ 
ing and commercial engg. New England preferred. 
10-580. 

15.H. GRAD., 29, single, « yr. experience includ¬ 
ing 0 months testing n-c., d-c. machines, 4V* y™»- 
design 6 to 2,000 hp. a-c. and d-c. motors for in¬ 
dustrial and special applications. Thoroughly 
familiar with motor quotations, estimates and appli¬ 
cations. Desires position with utility, mfg. or con¬ 
struction firm. Location, U.S. Available im¬ 
mediately. D-944. 

I 5 LKC.-MECH. ENGR,, 30, married, college 
icrad. with unusual abilities for elec, relay circuits 
tautom. teleph., control, alarm systems, signaling;, 
resourceful mech. designer on small apparatus, o yr. 
, e «gg. experience. Available immediately. Loca¬ 
tion. immaterial. 0-8373. 

EMPLOYERS—Should you require a designer 
or operator for elec, transmission and distribution 
or a pwr. salesman, permit me to qualify, u.o. m 
15 15. and 7 m yr. diversified utility experience, o- 
41700. 

Executives 

B.S. AND E.E., 20 yr. experience; test, instruc¬ 
tor 2 yr., line supt., constr. engr. large minmgeo^, 
"•elec. engr. lighting and pwr. co.; engr. for utility 
holding co. Experience covers constr., design sta¬ 
tions, substations trans., dist. lines, P.F. correction, 
line calculations, economic studies, system planning. 
Will g«> anywhere and. accept any salary. D-iuoi. 

GRAD. B.E.j 1927, single, 26. Experience: T| 
months cable development, 2 yr.mstaUatiou and 
service engr. on talking picture theater equip, in 
eluding foreign service. Additional education- 1 
yr. genl. course economics, etc., Univ. of London. 

Position desired offering experience with economic 

problems or personnel relationships. D-llow. 

EXEC. ENGR., Scandinavian, 43, Amer., with 
20 yr. experience in design and research of pwr. sta¬ 
tions, transmission lines, transformers, and oil <a^wt 
breakers, desires Position in U.S. orabroadf orp wr. 
or mfg. co. . Speaks German and . Scandinavian 

fluently andjis thoroughly familiar with Amer. and 
Huropean Mfg. methods. D-1176, 


EXEC, ENGR, mech. and elec., 43, Amer., col. 
grad. Broad experience in designing, bldg, and 
operating large industrial pwr. plants. 'Have ex¬ 
ceptional qualifications for rapid, thorough and 
economical, engg. of such projects and the ability 
to obtain maximum value for the entire investment. 
D-985. *, 

E.E. GRAD., 12 yr. experience in distribution 
circuit work, design, testing, etc., and having a 
completed training in law, desires a position for 
which experience will qualify. D-1177. * 

DISTRIBUTION ENGR., tech, grad., 30, mar¬ 
ried, 8 yr. experience in design, construction and 
operation of rural and urban distribution systems 
and evaluation of systems. Best of references. 
Available at once. C-4247. 

ELEC. AND MECH. ENGR., 30, exec., 12 yr. 
experience in design, construction, development, in¬ 
vestigations of pwr. projects and systems expansion 
for utilities and industrials in the states and abroad. 
Speaks Spanish and Portugese. D-857. 

. EXEC. ASST, to pres, or vice-pres. of holding or 
large operating utility. Twenty yr. experience in 
construction, engg. and operation,. transmission, 
distribution, city and rural substations, pwr. sta¬ 
tions, appraisals, rates, right-of-way, interconnec¬ 
tions and reports. East preferred, not essential. 
D-1246. 

Instruction 

E.E. GRAD., 1920. G.*E. test experience in¬ 
cluding work in radio and vacuum tube engg. dept.; . 
and with all types of elec, machy. Received M.S. 

J une 1932. Desires teaching or engg. opportunity. 
>-1030. 

E.E. GRAD., 25, married, 4 yr. exceptional tech, 
experience, some very successful teaching experi¬ 
ence. Desires position as instructor in E.E. sub¬ 
jects, mathematics or physics with opportunity of 
taking graduate work. 04303. 

E.E., Bachelors and Professional degrees, have 
held responsible teaching position in state institu¬ 
tion ana have had-research experience. Location 
is not a material consideration. B-7203. 

MEMBER, B.SC. IN E.E. Experience: lec¬ 
turer; asst. prof, and prof, in charge of E.E. dept, 
oh prominent univ., followed by practical design, 
latterly in charge of a-c. design for well-known mfr. 
of elec, machy. Desires position teaching or one 
which demands thorough knowledge of motors. 
D-^213. 

Junior Engineers 

E.E. GRAD., 1932, Mich. State Col., 23, sing). 
Desires engg. work, but will consider anything. Ex¬ 
perience in drafting and telephone work. Available 
at once. Location in Middle West preferred, others 
considered, D-1230, 

E.E. GRAD., 1931 > single, 24. Special training 
in radio, sound apparatus, and photoelectric cells. 
Desires position in the radio or electroacoustical field 
or teaching opportunity. Location, immaterial. 
Available immediately. D-1240. 


E.E. GRAD., B.S. IN E.E., Univ. of Ill., 1932, 

23, single. Ten months long distance telephone 
test A. T. & T.; 2 months motion picture sound 
equipment. Familiar with vacuum tubes and 
their applications. Available at once. Location, 
immaterial. D-1108. <* 

JUNIOR ENGR., 1932 grad, of a cooperative 
tech. col. Has had experience with illumination ^ 
design; radio manufacture and service. Location, 
immaterial. D-1109. * , 

GRAD. IN E.E., 1932^21, desires position im¬ 
mediately, strong physique. Will take anything. 

Location, immaterial. D-1010. 

£} 

B.S. in E.E., 1932; single. Fourteen months 
G.E. test between junior and senior yr. Test 
records available. Excellent scholastic record. 
Tech, type: developed thesis; 9 contributions 
presented at A.I.E.E. Good personality and initia¬ 
tive. Location and salary immaterial. D-1127. 

1931 GRAD., Cornell Univ. and Pratt Inst, in 
Brooklyn. Slight experience with vacuum tubes 
and resistors. Desires work in radio television, 
communication, or lines allied to that industry.- 
Available on short notice. Location, immaterial. 
C-5636. 

EXPERIENCED 1932 GRAD., 24, -single. 
Vacuum tubes, photoelectric cells, circuits, research, 
design, and manufacture. Elec, measurements, 
especially with cathode ray oscillograph. Experi¬ 
enced in application of elec, methods to mech. engg. 
problems. Full or part time work. Location pre¬ 
ferred, vicinity of New York City. Available after 
Aug. 15. D-010. 

•*> 

B.S. IN E.E., Carnegie Inst, of Tech., 1932, 5 
yr. in radio work and repairing household ap¬ 
pliances. Salary immaterial at start. Location, 
immaterial. Available at once. D-1140. 

E.E., 22, single, good references; desires worl?in 
generation or transmission of elec. pwr. Satisfied 
with small salary in order to gain knowledge in field. 
Has had 2 yr. experience as cooperative student in 
manufacture of motors and generators. Can locate 
anywhere. D-159. 

E.E. GRAD., 1932, 22, married. Experience in 
solution of distribution network problems. Desires 
position in any field of engg. with opportunity for 
advancement. Salary and location, secondary. 
Good scholastic record. D-1100. 

* n 

GRAD. E.E., Rensselaer Poly. Inst., 1932, 23, 
tingle. One summer’s work on relay squad of N. J. 
Pub. Serv. Desires position in any E.E. field, 
preferably illuminating. Available at once. D- 

E.E. GRAD., 1930, Columbia, 0 yr. course, 25, 
tingle, l 1 /* yr. with Paramount PubPx Theatre Con¬ 
struction. Knowledge sound and projection 
equip., drafting, supervision of construction and 
layout; instruments, foundry, and pattern shop 
methods. Desires connection, any engg. capacity. 
Available immediately. Present location, New 
York but willing to go anywhere. C-7239. 

1932 GRAD., E.E., B.S., from Ohio Northern 
Univ., 23, single and excellent physical condition. 
Best of character standing and willing to work 
hard, starting at the bottom and working up. 
Desires any position that will pay a. living .wage. 
Location immaterial and available immediately. 
D-1167. 

E.E. GRAD., 1931, 25 tingle, cooperative col.; 
12 months experience as asst, in production lab. of 
a battery mfg. concern. Six months experience as 
a g enl draftsman. Speaking and reading knowl¬ 
edge of German. Desires position with future. 


ENGINEERING'SOCIETIES EMPLOYMENT SERVICE 


57 Post St 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th St 
New York 


M aintained by the national societies of civil, 

mining, mechanical, end electrical engineers, 
in cooperation with the Western Society of Engi¬ 
neer*, Chicago, and the Engineer* Club of San 
Francisco. An Inquiry addressed to any of the 
Siree offices Will bring full Information concerning 
the services of this bureau. 

Man Available. —Brief announcements will be 
published without charge; repeated only upon 
specific request and after one months Interval. 
Names and records remain on file for three months; 
renewable .upon request Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. V., to arrive not later than the 
fifteenth of the month. 


Opportunities.— A. weekly bulletin of engineer¬ 
ing positions open Is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable In advance. 

Voluntary Contributions. —Members benefiting 
through this service are invited to assist in its further* 
ance by personal contributions made within 30 
days after placement on the basis, of 1.5 per cent of 
the first year’s salary. 

Answers to Announcement*.— Address the key 
number indicated In each case and mail to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding, 


August 1932 


607 




Location and salary secondarr*. Available im¬ 
mediately. D-534. 

rB i D w e., 26, single. Two yr. experience 
in ^mintenwice, test, ^cT dirtribution with ut»hty. 
a-. vr drafting and mech* design, iwo yr. eiec. 
? 0 ^troVsaIes Available on short notice. Eastern 
location preferred. C-0445. 

E.E. GRAD., Master’s deg., V.P.I., ’30, 23, 
married. One summer ra relay dept- pwr- CQ ^ t 
“ 1 * „f„ii nw i vr. teach, elec, in H.o. e>ix 
aummer^certified'electrician. Needs engg. position 

S”S,V «<iSStrial concern or iuatruc'or .« 

physics, mathematics^or E.E. D-1198. 

ww r.RAD Vale, B.S., Cum Laude, 1031. 
M% E in EE 1932, 22, single. Desires experience 

preferred. D-1212. 

RECENT GRAD., B.S. IN E.E., 23» New^k 
„ i ^ exonerative training with Diem 

£& Co ^Desires opportunity with future in pro- 
r ooics Previous experience in organiza- 
fen U mf^ tocation in New York metropolitan 

area. Available at once. D-1137. 

17 17 p.p An cooperative course, Drexel Inst., 

bI.Vi TbcM« 

“t tSUlaS position Locaug"^ 

Ewi prSed. Available immediately. Refer 
ences upon request. D-1087. 

EEE Northeastern Univ.. 1932. Experienced 

SOSTSSOS: &£ 

terial. D-1211. 

E.E, GRAD., 1932,24,single^ 

“ssstfSiSuS 

vicinity, but will consider others. D-908. 
equip., foreignwiterests. ta ^| utility syndicate. 

1232 GRAD.. W. o(’ Akbj^R 

■ sS!S,l5rAjff , n Av f jjb te ta»«ii.i«ir. u«- 

' cation, immaterial. D-1160. 

E.B., grad. 1928 ,aS mmri^.^^Ayn W^tin^ 

immaterial. C-9568. 

E.E. GRAD., J 032 * “°Rrt C Aus^dept' 
with Weston work Desires position 

terial. D-1112. 

B.S. in E.E. from Worcester Eo^y. ggjJ® 8 ^ 
single, desires engg. Location. 

immaterial! 1 V«y good references can be furnished. 

D-122V. 

o'nSftV t™ .Ec. con- 

Si* <**<*“ 7. 

D-1221. 

„ e .nan o o 1031 from Univ. of So. Car., 23, 

bng. grad.. i gja .sar st 

tion, preferably pwr. or drafting. 

SMsfsa. ss& •»*». d-. 

1246. 

Maintenance As Operation , . 

E.E., B.S. in E.E., W30, Jntv.rf gahp^ 24, 
married. Two yr. with Be • . c ki e fly tele- 

stallation of nei* mrcuits and_ equip^cm ^ 

as was tf&nssffi - — »• 

1001. 

E.E. GRAD.., 1928 J t ^^! y C ?^d 2 ^ g layo 3 ut! 
yr. engg. experience and distn- 

s&Bsy iss£s*s£fr «op- 

eos 


isasrtJrjsftndr- 

including 3 yr. with KDKA. Nowwitnsmu 

struct latest type radio equipment, also 
operator (licensed). D-1237. 

TRANSFORMER ENGIL,«perienced^ instate- 

SSgSggEgKSs 

former,. ^ould be valuable 

determinfag I^g^bletransformers under 

their°s n ^ B isteSn seeing tranrfowims «epr|perly 
S, attended, operation. Mamed. B-199. 

RV. E. E., 

stefis*JSrMUft sst 

D-1263. 

tow 1020 .it, 2 yr. nMVbi work, port giada- 

S2ih5S«‘vSI&S j. twt win — 

others. D-1183. 

E.E. GRAD., 23.Sc.M. t MXT.. Harv^ 
ScJD., M.I.T., June’32; single, 38, 9 yr. practice 


experience pwr., business and communication 
engg.: 2 yr. testing course. Recently made valu¬ 
able contribution to knowledge net work synthesis. 
Speaks Swedish, English, German. Reading 
knowledge French. Desires portion, well-known 
organization preferably eomnfimication engg. 
Available July 15. D-747. 

rORAD., Yale 1930. B.S. in E.E., Tan Beta Pi, 

Assoc Sigma Xi. Test experience, regulators, 
motors, industrial control, rectifiers transformers, 
photoelectric ceils, short circuit lab., work s lab. 
on insulation, and development work, research 
fab. Desires employment leading to exec, posi¬ 
tion. New England preferred. D-1192. 

GRAD. E.E., Univ. of Toronto, C&ada, 1929. 
Practical transformer construction experience draft- 
teg- 6 mo. test course, Can. Westinghouse; 3 yr. 
ilritk large U.S.A. aUoy co. in supervisory capacity * 
on elec, furnace process and l>lant operation, loca¬ 
tion, immaterial. Available immediately. D-1226. 

DEVELOPMENT ENGR.,26, single, E.E. an d 
M S high scholastic rating, 3 yr. G.B., research, 
test and neld engg., 2 yr. development of pwr. plant 
“for telephone 0 %. ,^on inunatenal. 

Best of references. Available now. D-1219. 

t»c i- tpr and M A. in Physics, 26. Three 

SSSeStf-tSMssSBW 

D-1233. 

-rumen and E.E.: Development, research. 

Elec motor control, hoisting and conveying, mech. 
and elec, tests of matenals. metallurgy, metallog- „ 
raphy X-ray analysis. C-6994. 



Applications 
(or Election 

membership .in .tje appUWhaTawlied for 
wise Indicated, the app applicant has 

admission as an Associate^ 11 t J^ P £ L "tmr thCn 
applied for direct admirwonte » J£Sdtetely after 
Associate, the 8^?de follows the election 

of C My“oi tSS candidates shoull so mform the 
acting^ nationsd secretary before Aug. 31, 193?. 

«■ ■ * 

• • ^ t *PnV> Serv Dept. » Glendale* Calif* 

^sa 4 V c »- 

15 SS?G'. i W “»“' 

&A S'B/GiSrisoo Pir, Detecting Syetem Inc., 
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New Books 

in the Societies Library 

Among* the new books received at the 
Engineering Societies Library, New York, 
during June are the following which have 
been selected because of their possible 
interest to the electrical engineer.. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers The 
Institute assumes no responsibility'for state¬ 
ments made in the following outlines, in¬ 
formation for which is taken from the 
preface or text of the book in question. 

INTERNATIONAL UNEMPLOYMENT, a 

Ecofloitdc Con^ess at The Hague varioiw nation s 
were &skcd to prepare studies on c® 
to pfcture re “™ ,c S.?I 

•Russia. 

T HAD CURVES AND POWER INDEXES IN 

THE OPERATION OF ELEC. STATIOT ^_ ( n 

Russian.) By A. K, Darmanchev. 1931, Moscow 

"Tr ^nlncrad Gosudarstvennoe Nauclino-leKn- 

curves usually are discussed solely in relation to 

• s «£fiSF&. ttg- “Sffi 

TtotSSy ofSadcur^es Is set forth, and ways in 

which they may be applied described in detail. 

METALLURGY.. By^ E. .Gregory. London 
,nd Glasgow, Blackie 


, _ w vijr« — 

arnf Glasgow. Blackie & Son, 1932. 284 p., illus., 

i- puS-h 17s Bd —With an introduction by an 

' A Jta&* !■*•■**••«£ 

Slfflfli v“«'J SwSt. o. the con- 

atitutionof metallic systems, metanography. and 
heat treatment, alloy steels and stainless steels. 
Remainder treats of common non-ferrous alloys. 

L SAMSUNG THROGGHSaEN^Bj^ 

WhSdesey Ilduse/'l^. 320 p.,.9x6 in., cloth. 

e a —Readers without special training in luodem 
chwnistryfph^^, and ^l fix ne ^eu^r 

fflrand^Son^. 

lems, giving an account which every one can under¬ 
stand of recent scientific discoveries.^ 

rewinding and, connecting a-c. 

ir/xcrnnc; ri w r» H. Braymer and A. C. Koe. 
M°V ^LonMcGraw-Hill, 1932. 372.p., illus., 

in cloth, $3:50.—For technically trained men 
Without shop or factory experience, and students. 
It p?m » to provide the fundamental 
duction-motor windings, and shop lnfortnation on 
lap aSd wave windings, as used in current s.tandmd 
TniJtftfo and iti those in service for many # years. 
This information based upon 

rewinding is presented in form suitable for easy use. 

ROYAL TECHNICAL COLLEGE JOURNAL, 
v 2 Pt 4, January 1932. Glasgow .Robert Ander 
L ’ft SoM o 671-710, illus., 10x7 in., paper, 10s 
—Records Research work recently earned out 
• th^ Of grS interest to engineers are the 
physical properties of steel after plastic 

..^4 art 61 Atl matrnetostriction of cold-drawn 


This book is to assist the younfjriectiical engineer 
to professional success. It contains much .J*®5 
advice upon character formation and Profession^ 
and commercial training, and discusses the QualitiM 
and training essential to various branches of the 
profession. 0 

AMERICAN MACHINISTS’ HANDBOOK 
By F. H. Colvin and F. A. Stanley. 6 ed. N. Y. « 
Load., McGraw-Hill, 1922 1134 p. , clwrts, teWM, 

7x4 in . leather, $4.00.—Popular for 24 years in 
machine shops and drafting rooms as a conviement 
source of reference on machine shop . practise, 
standards, and materials. The new edltion. the 
first in 6 years, has been .revised carefully, obso¬ 
lete material removed. and,aew data added. 

fldrawsas 

7 frs —Describes a mechanical integrates invented 
by the authors to give, the integral. of tbe product 
of 2 functions. The instrument is. relatively in 
-voensive and can be dismantled into parts for 
other drafting-room purposes. The theory of the 
integrator is explained and illustrated. 

ELECTRIC POWER EQUIPMENT. By J. G. 
Tarboux. 2 ed. N. Y. & Lond., McGraw-Hill, 
i q*ws aq 3 n illus 9x6 in.i cloth, $5.00.—To give 

the student P aiready familiar with, the!fuBdamentols 

of electrical circuits and machinery ■ a birdseye 
vew of ihe enthe field of.electrical power equip¬ 
ment Starting with a brief survey of power re¬ 
sources, prime movers, and the relation of steam 
to water power, it discusses loads and load graphs, 

then takes up^generating andswltc^ngemnpm^nt 

circuit layouts, transmission lines, dismouuon 
systems, substations, and similar topics. The end 
te a short chapter on the economics of electric 
Srdce A new edition enlarged and thoroughly 
revised. 

ELECTRICAL PHENOMENA IN 
By K. K. D arrow. Baltimore, Williams & Wiltons 
loqa 492 o.. illus., 9x6 in., doth, $°.uu. 

fore available only in scattered form. 


wtrICTRISCHE MASCHINEN, BD. 3. DIE 
£nrm —A text-book upon the theory and 

of SsfcmS thf W®<* St 

SrS£-‘-Haarmssr «£ 

brief bibliography. 


n.f. ntaia of aeronautics in form suitable for use in 
fastitutes, junior colleges, and aviation 
g^d schools where students are in tiraimnj for 
positions in the aviation industry. The prinaples 
of flight, construction of airplanes and eagm^, 
instruments used, piloting, meteorology^etc.^are ^ 
discussed in elementary fashion. A good inwo 
ductory course covering information which the 
Department of Commerce expects airplane pilots 
to learn in ground schools. 9 

HISTORY OF EXPERIMENTAL PHYSICS. . 

Bv C T Ch ase. N. Y., D> Van Nostrand Co., 1932. 
ftp., mSTtefl in..'Cloth, $2.26.-Thebookm 
devoted to tke development of physics as an ex- 
oerimental sdence from fjixt days of Galileo. 
Attention is directed to history making, r ®®**rchM» 
and reasons given as to why these are of interest. 
Present developments are clearly desorbed non 
mathematically. The book supphes an interesting 
account of the gradual advance in this field. 

INTERNATIONAL TRADERS’ 
incorporating foreign and domestic weigms, . 
measures, and moneys. Phila., Commercial 
Museum. 1932. 175 p., illus., 9x6 ip., paper, $1.50.— 
Useful as desk book for manufacturers e . a 8aged 
in trade with foreign countries, presenting m brief 
convenient tables, the essential facts concerning 
trade centers and ports, language,, transportation 
facilities, regulations governing freight and parcel 
port shipments, weights and measures, aad con¬ 
version of moneys. 

ORTSKURVEN DER STARKOTROMTECH- 
NIK? By G. Hauffe. Berlin, J -Springer ,1932. 

*tjA n i a.a cloth. 15.50 the nicthod 

of complex quantities is systematically ?JPked 
the theory of locus curves, the book opemng witii a 
brief description of the method, followed by a 
Sselummary of the necessary basic laws of 
elSitrical engineering. The application of the 
tfa«wy is illustrated by problems cranertedwito 
oscillating circuits, dr-core transformers, three- 
phase induction motors, and a-c. commuter 
motors. It closes with a systematic presentation 
of the general laws of the theory. 

OUTLOOK FOR TELEVISION. By O E. 
Dunlap. N. Y- & Lond., & Brott^ 1932. 

207 o Illus.* 10x6 in., cloth, J4r*00.^ , A dook to 
reveal the romance of televirion and its commerd 
possibilities; to record MstoricaUy the ewl^on of 

a new era in radio science; and to explain us 
macnp " The development of dll important ad¬ 
vances is traced chronologically and the , v .“f 1 °£f 
electrical systems, devices, and ideas used in the 

sear^fortdlvision are noted tetggdfoir the 
general reader, with the subject treated in a 
popular, non-technical style. 

TEGSm£ I ^0 , ?S«« D ^rltaS^^ 

T 9 E 32 M6p„ lOxflin.. clotii. ^-Asystematic 
course on the subject, intended t ® 1 **2|*X te e JX_ 

High School. 




Lpermg auraiuiuiu, ac^- a —- 
steel production of uniform illumination over large 
areas, P he photoelectric cell, temperature stressee in 
non-circular drums and circular flat plates, and the 
performance of wing radiators. 

THERMIONIC VACUUM TUBES and Their 
Ap plications. By B. V. Appleton. N. Y., B. P^ 

Dutton & Co., 1931. 117 p., 7x4 ?•'.action 
A compact, accurate account of internal action 
vacuum tubes and of their behavior 
when used as amplifiers, rectifiers, or p^rators of 
Stations, written with the needs of students of 
general physics in mind. 

DER ING^NIEUR. IN DER BL^TRO- 
INDUSTRIB. By R. Salinger. Vienna, H. Mar 
^,1929. '118 p., 10x6 in,, paper, 10 Aust. s. 


KT Tefi 1 ) By G. Mie. J-eipziB. 

^oth, 45 m.—A s^temuc “ ^ uged }n the 

dynamic fields are discussed. 

vrocni PRINCIPLES of television. 
WRST* Wliley 8s Sons, 1932. 

a «EJB 5 r*B 

farthest—JwflriM^^alr^and ^ degcrlt)ed in con 

LaboratonM. ThMesysrems preaent state of 

discussed. * 

•»TVwn NITROGEN. (American Chemical 
So5tW, M- b^H. A. 

IE?„« Ab 

bibliography is given. •' 


s^3bd;®r..% B i4 

tr,a nMifAitigt it f? used in laboratories, and. the 

ctsjs- 

throughout. 



Engineering Societies Library 

29 West 39th Street, New York, N. Y. 

k iAINLAlNED a,.* public reference llbraiy 
M of engineering and the allied science*, this 
library is « cooperative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. 

Resources of the library are evallablea'so 
to those unable to visit It in person. Llste of 

references, copies or “V 

and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books Is 
available to any member residing in North Amer- 
fca at a'rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services afe obtainable end «n 
Inquiry to the director of the library will bring 

information concerning them. 
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. ' The Okonite Company Promotes Offi¬ 
cers.—According to ^recent announcement, 

H. Durant Cheever, former president of the 
Okonite Company f has been made chairman 
of the Board, while the position of president 
is now occupied by Frank Cazenove Jones. 
Mr. Jones was formerly vice-president and 
general ^manager of the company, while in 
the new position he holds the title of 
president and general manager. Both men 
have long been members of the Okonite 
organization, Mr. Cheever’s connection 
dating back for 44 years. Mr. Jones, who 

’ is also chairman of the Power Cable Group 
of N^MA, joined the Okonite Company 
after the war. His father, F. C. Jones, 
was manager of the Okonite factories. 

' Hubbard &* Co. to Manufacture Ohio 
Brass Line Hardware.—The Ohio Brass 
Company, Mansfield, Ohio, announces that 
it has disposed of its line of wood cross-arm 
hardware, wood guy-strain insulators and 
steel insulator pins to Hubbard and Com¬ 
pany, Pittsburgh, Pa. The latter company 
is licensed to manufacture and sell pole line 
hardware developed by Ohio Brass and 
protected by its patents. This is a manu¬ 
facturing and sales arrangement only, and 
there is no financial interest of either com¬ 
pany in the other. These materials, in the 
future, "will be manufactured only by 
Hubbard and Company, although both com- 

' panies will cooperate in the sale of the 
devices. Future development work on this 
class of materials also will be carried forward 
by both fomganies. Due to the specialized 
manufacture and engineering of similar 
materials by Hubbard, both companies ex¬ 
pect that users will benefit by this coopera¬ 
tive arrangement. 

Large Clock Contract to Warren Tele- 
chron Company.—Contracts for 2,650 syn¬ 
chronous electric clocks for three new 
government buildings were awarded the 
latter part of July to the Warren Telechron 
Company, Ashland, Mass. Approximately 

I, 100 clocks will be installed in the Depart¬ 
ment of Justice building, 1,100 in the Inter¬ 
state Commerce Commission and Labor 
Department building, and 450 in the Post 
Office Department building. The recent 
installation of 875 Telechron clocks in 
the Internal Revenue building is one of the 
largest clock systems in the world. 

r 

Special Electrical Machine for College 
Laboratories.—It is sometimes difficult for 
students of electrical engineering to under¬ 
stand the rdationship between direct and 
alternating-current rotating machines. If 
these relationships may be studied in a 
single machine, the Connections being 
changed for the different conditions, it is 
easier for the student to visualize the actual 
operation. The Electric Specialty Co., of 
Stamford, Conn., therefore, has developed a 
machine which enables the student of 
electrical engineering to study the opera¬ 
tion of the direct-current motor with and 
without commutating poles, the direct- 


current generator also with and without 
commutating poles, rotary converters opera¬ 
ting from direct,, current "to alternating 
current, or from alternating current to 
direct current, a-c. generators, and a-c. 
synchronous motors. The single, machine 
may be used to illqstrate the operation 
of all these types. Such a machine may 
also be equipped with exploring brushes for 
measuring the voltage between adjacent 
commutator bars in any position while in 
operation. A single conductor is also in¬ 
stalled through one of the armature slots 
with each end terminating on a slip-ring 
fitted, with brushes. This development has 
been completed for machines normally 
rated from about 3500 to 7500 volt-amperes 
as rotary converters. Machines of this 
size are about as small as could be used in 
order to obtain satisfactory results on all 
the different types of machines, and also 
are not so large as to involve too much 
expense in operation. 

New Time Switch.—R. W. Cramer & 
Co., Inc., 67 Irving PI., New York, an¬ 
nounces a new type of Sauter synchronous 
motor time switch, gear operated. The 
new switch contains a self-starting, 200 
r.p.m. sub-synchronous motor constructed 
to assure accurate time keeping on systems 
where controlled frequency is used. It can 
be had with either astronomic dial tO auto¬ 
matically operate the switch in step with 
local sunset and sunrise throughout the 
year, or a plain dial to control either one or 
two complete operations in twenty-four 
hours. This switch is recommended by the 
manufacturer for use on alternating current 
circuits with regulated frequency. 


TraJe Literature 


Overhead A-C. Network System.—Bulle¬ 
tin C 1944, 8 pp. Describes the new 
application of economical secondary low 
voltage networks to low density load areas 
fed by overhead lines. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa, 

Induction Motors.—Bulletin 112, 4 pp. 
Describes Reliance fully enclosed, fan 
cboled induction motors, type AA, form F. 
Reliance Electric & Engg. Co., Ivanhoe 
Rd., Cleveland, O. 

Stainless Steel Motor.—Bulletin, 4 pp. 
Describes “Line-Weld” type “E” induction 
motor, totally enclosed, fan cooled, for use 
in dust or fume-laden atmospheres. The: 
Lincoln Electric Company, Cleveland, O. 

Temperature Measurements in Electrical 
Apparatus.—Bulletin 871, 28 pp. De¬ 
scribes the method and instruments em¬ 
ployed in measuring * temperatures in 


generators, transformers, and cable systems. 
Leeds & Northrup Co., 4901 Stenton Ave., 
Philadelphia, Pa. 

• 

Squirrel Cage Motors.—Bulletin 174, 
Ifcart 5, 6 pp. Describes Wagner multi¬ 
speed squirrel-cage motors. Installation 
photographs are included as well as outlines 
of the problems involved in connection 
with each application. The description 
covers constant-torque, consent-horse¬ 
power and variable-torque motors, further 
classified as two-speed, three-speed, and 
four-speed motors. Wagner Electric Corp., 
6400 Plymouth Ave., St. Louis, Mo. 

Electrical Tape.—Pocket Bulletin, 16 pp. 
Describes a combination rubber tape and 
friction tape. The tape is made of fabric, 
completely imbedded in a unique rubber 
compound, and with a degree of adhesion 
and insulating value claimed to be far 
higher than ordinary tapes of this character. 
B. F. Goodrich Company, Akron, O. 

Copper Wire and Coils.—Data sheets 
bound in loose leaf cover and convenient 
for ready reference. These bulletins are 
said to be the most complete and authorita¬ 
tive published up to this time on the sub¬ 
ject. Inca Mfg. Div., Phelps-Dodgfc 
Copper Products Corp., Ft. Wayne, Ind. 

Cedar Poles.—Pocket Bulletin, 100 pp., 
“Handibook of Cedar Pole Specifications.” 
All available data on cedar poles is brought 
up-to-date in this new publication, featuring 
the new American Standards Association 
specifications for both western red and 
northern white cedar poles, and the new 
Western Red Cedar Association treating 
specifications. To facilitate handy reference 
to the old pole specifications, these are also 
included. MacGillis & Gibbs Co., 324 
East Wisconsin Ave., Milwaukee, Wis. 

Oil Filled Cables.—Bulletin. The Oko- 
nite-Callender Cable Company, Inc., a 
subsidiary of the Okonite Company out¬ 
lines its new activity in manufacturing 
oil-filled, paper insulated cables. The com¬ 
pany’s factory at Paterson, N. J., is devoted 
to the production of impregnated paper- 
insulated cables of all types. In addition 
to its regular business of manufacturing the 
"solid” type of paper-insulated cables, its 
laboratory and plant have also been fully 
equipped for making cables of the oil- 
filled type, The pamphlet points out re¬ 
search and operating developments in 
extra-high voltage power transmission which 
have led to the application of oil-filled 
cables for certain conditions of use. In 
many underground plants, the growing 
needs for high operating voltages or for 
large conductors, without increasing the* 
overall sizes of cables, have become impor¬ 
tant problems. As some power companies 
already have costly conduit systems which 
could not be enlarged or replaced without 
excessive cost, the application of the oil- 
filled cables may often present a feasible 
means of taking care of such conditions. 
The relative operating characteristics of the 
solid and oil-filled types are discussed in 
the bulletin and the subject matter should 
be interesting where such problems are 
existing, or where reviews of plant conditions 
indicate the need of revamping in,the future. 
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from Wenatchee/ its initial capacity is 60,000 kw. See 
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CORRECTION. Through* an error in 
the author’s original manuscript, eq. 11 
on p. 486 of the July issue of Electrical 
Engineering is stated incorrectly; the 

o A. 

correct form is S' = fr 2 Eo . £ . j 

Members of the Institute continue 
to express; themselves upon .various sub¬ 
jects through the medium of letters to the 


Officers and committees 

chosen to serve the Institute for the year 
1932-33 were announced recently, p. 678- 
681 • 

DeSIGNED to provide primarily for 
the comfort and convenience of its occu¬ 
pants, the 33-story office building of the 
Philadelphia (Pa.) Saving Fund Society is 


President hoover recently 

appointed 6 prominent engineers to 
serve as the engineering advisory board 
to the Reconstruction Finance Cor¬ 
poration. p. 665-666 

Experiments on the electric 

arc using pure iron electrodes in an Inert 
atmosphere reveal information that 
may require a modification in the 
basic conception of the electric arc 
discharge, p. 624-627 

REPORT on proposed American 
standard electrical definitions is now 
available in pamphlet form. The re¬ 
port represents 3 years of effort on the 
part of a sectional committee of the 
A.I.E.E. standards committee, and 
contains 208 pages, p. 670 

If EXPERIMENTS on a 1,000-hp. * 
locomotive . with commutatorless 
motors confirm the result^ of laboratory 
tests, electric railway practise may cbe 
revolutionized. Mercury arc rectifiers 
replace not only the motor com¬ 
mutators but much expensive control 
apparatus as well. p. 650-654 

But few operating difficulties have 
been experienced in 3 years of opera¬ 
tion on the electrified portion of the 
Cascade division of the Great Northern 
Railway, which includes the famous 
7.79-mile Cascade tunnel. Operating 
statistics show great savings in both 
time and expense in favor of electrical 
operation versus steam, p. 627-633 

Committees are hard at work to 
assure those who will attend the 
Baltimore meeting, October 10-13, 
1932, a profitable and enjoyable visit. 
Inspection trips have been arranged 
to some of the city’s many attractions 
and to nearby points. The program 
includes also several sports events and 
special features for the ladies, p. 
663-665. Technical papers to be pre¬ 
sented deal chiefly with communication 
and power cables, and a major hydro¬ 
electric development, p. 659-662 

GREAT DEAL of engineering 
time and effort is being devoted to 
reducing lightning disturbances on 
electric power systems. Results of 
some recent studies on the protection 
of distribution systems are covered in a 
group of 3 articles in this issue. Tests 
show that interconnecting the pri¬ 
mary lightning arrester ground with the 
grounded secondary neutral provides 
’ greater protection than is obtained 
with present conventional arrester 
connections, p. 633-^47 „ 
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said to contain the most modern electrical 
Editor, A selection from those received and mechanical’equipment. The total 

recently may be found in this issue, p. 667- connected electric light and power load is 

670 nearly 5,000 kw. PJS21-624 
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A Report on * 

Telemetering, Supervisory Control, 

* 

* 

• n 

and Associated Communication Circuits 


Prepared by a joint subcommittee of the A.I.E.E* 


IT HIS REPORT summarizes information as to 
telemetering and supervisory control systems in use today or 
commercially available in the United States, and includes a 
detailed discussion of the communication circuits suitable for 
such purposes. The form of the report is designed to make it 
convenient for a prospective or existing user of telemetering or 
supervisory control equipment to obtain information concern¬ 
ing the specific equipment in which he may be interested. • 

The tabulations in the telemetering and supervisory control 
sections enable the prospective user having in mind a certain 
requirement, for example the telemetering of a-c watts, to 
determine immediately the systems available for the purpose. 
The* characteristics of each of the systems suitable for the tele¬ 
metering of a-c watts may then be examined in detail with the 
aid of the table and consideration narrowed to a few systems 
concerning which additional information may be desired from 
the manufacturer in order to determinejipon the one best suited 
to the conditions involved. The types of communication 
circuits suitable for operation with each telemetering or 
supervisory control system are indicated in the tables. 

The information in the report has been arranged in 3 main 
sections: 

I. Telemetering—including a tabulation of the characteristics of each system. 

II. Supervisory Control—including a tabulation similar to that for telemetering. 

III. Communication circuits—information concerning their use for Telemetering 
and Supervisory Control Systems. 

Much of the information in this report has been contributed 
by the manufacturers. Information ^s to communication 
circuits hgis been obtained from the communication companies 
and other available sources. 

No attempt has been made to include data covering the field 
operation and maintenance of the various telemetering and 
supervisory control systems. 

Essentially full text (excepting extensive tabulations) of report jointly prepared by the com¬ 
mittees listed below and presented at the A.I.E.E. annual summer convention at Cleveland, 
Ohio, June 20-24, 1982. A few lithographed copies of the full report are available at Institute 
headquarters for distribution to members vitally interested. • 

♦Joint subcommittee—C. F. Craig, chairman; A. E. Anderson, P. A. Borden, E. D. Doyle, 
E. I. Green, R. J. Wensley, F. Zogbaum. 

Committee on automatic stations—D. W. Taylor, chairman; F. F. Ambuhl, A. E. Anderson, 
, L. D. Bale, C. F. Craig, John Fies, A. M, Garrett, Joseph Hellenthal, C. A,.Mayo, I. E. Moul- 
trop, M. E. Reagan, O. J. Rotty, Garland Stamper, L. J. Turley, F: Zogbaum. 

Committee on instruments and measurements—E. J. Rutan, chairman; H. S. ^Baker, R. D. 
Bean, O. J. Bliss, P. A. Borden, H B. Brooks, A. L. Cook, E. D. Doyle, W. W. Eberhardt, 
Marion Eppley, W. N. Goodwin, Jr., I. F. Kinnard, O. A. Knopp, A. E. Knowlton, H. C. 
Koenig, W. B. Koywenhoven, F. A. Laws, E. S. Lee, J. B. Lunsford, Paul MacGahan. R. T. 
Pierce, W. J. Sjmckelton, h. L. Thomson, H. M, Turner. * 


On this and the following 7 pgges is 
given essentially the full text of an 
hitherto unpublished report concern¬ 
ing the present status of development 
of proven devices as used in tele¬ 
metering and supervisory control ser¬ 
vices. The text of the report as pub¬ 
lished herewith was prepared by D. W. 
Taylor, chairman of the A.I.E.E* auto¬ 
matic stations committee, and E. I. 
Green, member of the joint subcom- * 
mittee, to cover the subjects embraced 
by the original report, but of necessity 
eliminating the extensive and detailed 
tabulations of that report. However, * 
in parts I and II of th$ accompanying 
article is given a comprehensive digest 
of the corresponding parts of the 
original report including an insight 
into the content and construction of 
the tabulations which form the major 
portion of those parts of the original 
report. Part III of the original report, 
presenting for the first time in pub¬ 
lished form a comprehensive discus¬ 
sion of the communication circuits and 
facilities involved in telemetering and 
supervisory control, is given here in 
its entirety. That the report in ques¬ 
tion may be kept up to date and 
improved in value, the committees 
involved earnestly solicit an inter¬ 
change of information with all parties 
operating telemetering and supervisory 
control equipment. —Editors. 
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I—Telemetering 


• Herein telemetering is considered 

* to be the indicating, recording, or integrating fof a 
quantity at a remote point by'electrical translating 
means. Electrical or mechanical quantities normally 
are involved, although there are other miscellaneous 
applications for telemetering. 

< 

Types and Characteristics of Systems 

The numerous systems and combinations of equip¬ 
ment used for telemetering may be classified broadly 
on the basis of the translating means employed. 
Such* classification has been recommended to the 
Institute for adoption, and includes: (1) Current, 
(2) Frequency, (3) Impulse, (4) Position, and (5) 
Voltage. 

This report endeavors to present a uniform analy¬ 
sis of existing systems. The characteristics have 
been detailed under items which past engineering 
experience indicates to be essential to bring out the 
design, installation, and performance features. In 
order to cover the entire field, it has seemed de; 
sirable to present the information in tabular form. 
The user ordinarily will be concerned only with a 
limited number of systems, and the arrangement of 
the information is such that he easily can fix upon 
the system or systems Which appear best to meet his 
requirements. 

The different telemetering systems which have 
been included in the table are as follows: 

r 

* «* 

Name of System Manufacturer 

1. Midworth distant repeater J. G. Biddle Co. 

2. Long distance transmitting and re- The Bristol Co. 
cording" system 

3. Remote type transmitting and re- Brown Instrument Co. 
cording system 

4. TM flow meter Builders Iron Foundry 

5. MacCreedy fluid level indicator J. H. Bunnell & Co. 

6. Long distance recorder Esterline-Angus Co. 

7. “JBlinco” remote indicating system Electric Indicator 

Corp. 

8. Magnetic impulse telemeter General Electric Co. 

9. Rectified current telemeter General Electric Co. 

10. Torque balance telemeter General Electric Co. 

11. Selsyn equipment General Electric Co. 

12. Demand metering system ' General Electric Co. 

13. Distant dial system , General Electric Co. 

14., Long distance outfit W. & L. E. Gurley 

15. Telemetric gage James S. Kennedy 

16. Micromax thermal converter tele- Leeds & Northrup Co. 

meter * 

17. Micromax potentiometer transmitter Leeds & Northrup Co. 
telemeter 

18. Micromax voltage multiplier tele- Leeds & Northrup Co. 
meter 

19. Micromax current balance telemeter Leeds & Northrup Co. 

20. Micromax wheatstone bridge tele- Leeds & Northrup Co. 

meter 

21. Stevens Type P recorders and indi- Leupold, Volpel & Co. 
cators 

22. Stevens Type G recorders and indi- Leupold, Volpel & Co. 
cators ' 

23. Telemco gage v Pittsburgh Equitable 

Meter Co. 

24. Conductance meter : Republic Fidw Meters 

,•, . : Co. 

. 25. Fluid meter register Simplex Valve & Meter 

Co. '' 

r ; 
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26. Tanner type telemeter Wallace & Tiernan 

Products Co. 

27. Wallace type telemeter Wallace & Tiernan 

Products Co. 

28. Electronic current balance system Westinghouse Elec. & 

Mfg. Co. 

29. Current balance system Westinghouse Elec. & 

° Mfg. Co. 

30. Low rate impulse system Westinghouse Elec. & 

Mfg. Co. 

31. .High rate impulse system Westinghouse Elec. & 

Mfg. Co. 

32. Rectox system Westinghoyse Elec. & 

Mfg. Co. 

33. Position indicator Westinghouse Elec. & 

Mfg. Co. . ‘ < 

r 

The characteristics of the above systems are 
listed in the tables tinder the following classification. 

General 

1. Manufacturer 

2. Trade name 

3. Method of operation (translating means) 

Character of Indications Provided 

4. Quantities measured 

Electrical Quantities 

a. Amperes, a-c r 

b. Amperes, d-c 

c. Ampere-hours, d-c 

d. Frequency * 

e. Integrated demand ^ 

f. Power factor 

g. Reactive voltamperes 

f h. Reactive voltampere hours 

i. Totalized watts, a-c 

j. Totalized watthours, a-c 

k. Volts, a-c 

l. Volts, d-c 

m. Voltampere hours 

n. Voltage phase angle difference 

o. Watts, a-c 

p. Watthours, a-c 
Other Quantities 

a. Levels. 

* b. Positions 

c. Pressures 

d. Quantities of flow 

e. Rates of flow 

f. Temperatures 

5. Continuous or step-by-step indication 
Performance 

6. Speed of response—seconds 

a. Transmitter—zero to full scale reading 

b. Lag from transmitter to receiver 

c. Total 

7. Estimate of maximum probable error under normal operating 
conditions (per cent of full scale) 

8. Power requirements 

a. Transmitter 

b. Receiver 

9. Will correct indication be given after: 

a. Interruption in power supply 

b. Temporary disconnection of line circuit 
Characteristics Effecting Line Transmission 

10. Frequency;—cycles per second 

U. Maximum number of impulses per minute * 

12. Is neutral or polar relay employed 

13. Maximum allowable loop resistance—ohms 

14. Minimum allowable insulation resistance—megohms 

15. Number of conductors 

16. Possibility of using ground as conductor # *" 

17. Possibility of using conductors exposed to high potentials 

18. Possibility of using superposed circuits as conductors: 

•a. Simplexed 

b. Composited 

c. Carrier ; 

Interference and Protection Features 
j 19. Normal line current 

20. Maximum line current on short circuit 

21. Maximum open Circuit voltage 

a. ' Between wires: , 

• > b. To ground " y. : 

22. Is additional equipment required to limit noise on adjacent 
telephone circuits 

23. Description of systein 
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Power Supply at High Voltage Stations 

The use of station batteries for the supplying of 
power telemetering transmitters located in high 
voltage stations is generally inadvisable. Station 
batteries usually are connected to an extensive net¬ 
work of local control wires having a high electrical 
capacitance to ground, and subject to contact or 
leakage to ground. For reliability a separate battery 
or othes insulated source should be used. This 
battery should be charged from a separate, un¬ 
grounded generator or rectifier; and if alternating 
current be used it should be supplied from a separate* 
ungrounded transformer fed from the low voltage 
station bus which should be grounded. 


II—Supervisory Control 


* Supervisory control provides, 
by electrical means and over a relatively small num¬ 
ber of conductors, for the selective control and 
supervision of several remotely located units of 
equipment or apparatus. It is the purpose of this 
report to present to the prospective user information 
that will enable him to select the equipment which 
will provide the desired operating features and at the 
same time function satisfactorily in oonnection with 
available communication circuits. 

Applications 

At present, supervisory control systems have their 
greatest field of application in power systems, where 
they are used for the automatic operation of appa¬ 
ratus in generating, switching, transformer, or con¬ 
version stations. These systems are employed also 
in water, gas, oil, and other industries for the 
operation of pumping stations, and the control of 
levels and pressures of gases, liquids, etc. Super¬ 
visory control is applicable in general to the remote 
control and supervision of any device that may be 
operated electrically. A partial list of such devices 
is included in Section 26 (Automatic Stations) of 
A.I.E.E. Standards. • • / 

In addition to the control features provided, indi¬ 
cations of the position of different devices such as 
switch positions, governor settings, gate and valve 
openings, and of such conditions as bearing and 
•winding temperatures, pressures, levels, synchroniza¬ 
tion, may be secured. Arrangements for the teleme¬ 
tering of various quantities may be incorporated in 
control systems. 

Performance Features 

Features generally desirable in supervisory control 
equipment may be summarized as • * 

1. The highest degree of reliability and speed obtainable in the 
correct selection of units, with due regard for economy. , 


2. Safeguarding of d selected unit against incorrect operation and 
the correct operation of a unit as qtqpkly after its selection as is 
consistent with safety. 

3. A visual and/or audible indication at the control point of changes 
occurring in the position of any of the supervised units. 

4. Automatic notification at the control point of the occurrence 
of major troubles such as open, shorted, or grounded conductors, 
and the loss of operating potential in a distant station, that may * 
caus| the supervisory control system to become inoperative. • 

5. Safeguarding against felse operation in die event of failure of 
any portion of the supervisory control equipment to function. 

Capacity—Power Supply 

Some of the supervisory control equipments have 
structural features which impose more or less definite 
physical limitations as to the number of units that 
may be supervised from one system. Other equip¬ 
ments may be used to supervise any number of units 
that may be installed. Some stations may be of such 
size and importance as to justify more than one 
supervisory control installation. 

The comments under telemetering relating to 
power supply practises in high voltage stations 
apply with equal force to supervisory control. In 
addition, special care should be exercised where 
supervisory wiring is connected to units located in a 
high voltage structure. 

In the full report the supervisory control systems 
•have been tabulated in a manner somewhat similar 
to the arrangement for telemetering systems. The 
following systems have been included: 


Name of System 

1. Selectrol system 

2. Synchronous selector system 

3. 2-Wire synchronous selector system 

4. 2-Wire code selector system 

5. Code synchronous selector system 

6. Audible selector system 

7. Audible indicating system 

8. Synchronous visual system 

9. Visicode radial system 

10. Visicode series system 

11. Visicode parallel system 

12. Audicode system 

13. Televox system 

14. Polaricode system 

15. Polaricode radial parallel system 


Manufacturer 

General Control Corp. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
Genqjral Electric Co. 
General Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 

Westinghouse Elec. & 
Mfg. Co. 

Westinghouse Elec. & 
Mfg. Co. 

Westinghouse Elec. & 
Mfg. Co. 

Westinghouse Elec. Sr 
Mfg. Co. 

Westinghouse Elec. & 
Mfg. Co. * 
Westinghouse Elec. & 
Mfg, Co. 

Westinghouse Elec. & 
Mfg. Co., 


Characteristics of the supervisory control devices 
covered by the report are tabulated therein, the 

tables embracing the following items: 

• - 

General 

L Manufacturer 

2. Trade name 

3. Method of selection 

4. Method of checking selection 

5. Method of operation 

6. Method of indication 
Characteristics of System 

7. Number of units 

a. Maximum recommended for one system, 

b. Normal physical limitation 

8. Maximum number of stations recommended for parallel opera¬ 
tion over one grbup of communication drcqits. (See item 20) 

9; Power requirements 

a. Dispatching.station 
* b. Distant station ... .»• 
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10. Time required to select and check 

a. 10th unit 

b. 20th unit * 

11. Having selected unit, can it be operated repeatedly without 
again performing selecting operation 

12j Is automatic indication given to dispatcher 

a. Line open 

b. Line short 

c. Line ground 

43. Can telephone conversation be carried over same communica¬ 
tion circuit, intermittent or continuous " 

14. Is selective telemetering possible “over same communication 

circuits * 

15. Is remote manual synchronization possible ove* same com¬ 
munication circuits 

Characteristics Affecting Line Transmission 

16. Maximum number impulses per sec 

17. Is Neutral or polar relay used 

18. Maximum allowable loop resistance 

19. Minimum allowable insulation resistance 

20. Number of conductors 

21. Possibility of using ground as a conductor • 

22. Possibility of using Superposed circuit as conductor 

a. Simplex 
* b. Composite 

c. Carrier 

23. Can system operate through insulating transformers 
Interference and Protective Features 

24. Normal line current 

25. Maximum line current on short circuit 

26. Maximum line volts open circuit 

a. Between wires 

b. To ground 

27. How is system protected from electrostatic and electromagnetic 
r induction when exposed to high potential circuits 

28. Is additional equipment required to limit noise in adjacent 
telephone circuits 

29. Description of system * 


III—Communication Circuits 


• * Telemetering and supervisory 

control systems may be operated over differ¬ 
ent types of communication circuits. It is not 
practicable to set down rules which will definitely 
determine the type of circuit to be used in a given 
case. The choice will depend upon the charac¬ 
teristics Of the equipment, the available types of 
circuits, the operating distance, cost factors, and 
othen. circumstances. The transmission and engi¬ 
neering considerations involved in the selection are 
discussed in the following paragraphs. 

Line Signals—Translating Means 

The systems described involve the transmission 
of the following types of signals: 

1. D-c signals representing voltage or current, which change in 
accordance with the quantity to be measured. 

2. D-c impulse signals, ranging in frequency from one impulse per 
minute to 15 impulses per sec. 

3. Power frequencies, usually 60 cycles. 

4. Frequencies in the voice range and above. 

Only a limited use of frequencies in the voice 
range or above is being made in telemetering and 
supervisory control systems. The following dis¬ 
cussion therefore is concerned primarily with circuits 
for the transmission of low frequency and d-c sig¬ 
nals. The problems involved in the transmission of 
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such signals over line circuits are similar in many 
respects to those encountered in d-c telegraph 
transmission and the same engineering considerations 
frequently apply. ,, 

Telemetering systems ordinarily transmit in one 
direction only, whereas supervisory control systems 
commonly require successive transmissions in oppo¬ 
site directions. 

Circuit Characteristics * 

Circuits for use with telemetering or supervisory 
control systems may be leased or may be owned by 
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Fig. 1. Grounded low frequency circuit derived 
from simplexed telephone circuit 


the user of the equipment. Both cable and open 
wire facilities are employed for these services, cable 
being,, in more general use. The line characteristics 
that may affect the operating range of low frequency 
systems are principally the linear resistance, to a 
lesser extent the leakage conductance (or insulation 
resistance), and occasionally the linear capacity or 
inductance. 

The gage of cable most commonly used is No. 19 

A. W.G., although relatively short lengths of 22, 24, 
or* 26 gage cable frequently are employed in cities. 

The gages of open wire commonly employed by the 
communication companies are 165-mil (No. 8 

B. W.G.), 128-mil (No. 10 N.B.S.G.), and 104-mil 
(No. 12 N.B.S.G.), which coincide closely with 
those frequently used by the electric utilities and 
other industries; namely, 162-mil (No. 6 A.W.G.), 
128.5-mil (No. 8 A.W.G.), and 101.9-mil (No. 10 
A.W.G.). 

The insulation resistance of cable circuits ordi¬ 
narily is so high that it is not an important factor in 
the operation of telemetering and supervisory control 
systems. The insulation values obtained on open 
wire circuits in general are very much lower than 
those for gable circuits. Consequently, leakage 
frequently is the limiting factor in determining the 
range over which telemetering and supervisory con¬ 
trol systems may be operated on open wire facilities. 
The leakage conductance varies over wide limits, 
depending chiefly upon weather conditions and the 
type and maintenance of the line, and to a smaller 
extent upon tfie insulators employed, Since the 
leakage in dry weather is negligible compared to 
that in wet weather, it is common practise to engi¬ 
neer systems on the basis of wet weather leakage 
values. For the purpose of determining the approxi¬ 
mate range and accuracy of telemetering and control 
•systems, it appears convenient to employ a single 
leakage value which may be considered to be repre¬ 
sentative for any open wire circuit. On this basis, the 
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Fig. 2. Metallic low frequency circujt derived 
from simplexed telephone circuits 


value of wet weather leakage conductance between 
one wire and ground may be taken as 5 micromhos 
per mile (0.20 megohm-mile). It is thought that on 
the average this value will not be exceeded on more 
than about one day out of a hundred and then only 
for a part of the day, although individual sections 
of the country may vary materially in this respect. 
The wet weather leakage conductance between 
wires probably will not be more than 2.5 micromhos 
per mile. 

For determining the effect of uniformly distributed 
leakage conductance upon the accuracy of a d-c 
telemetering system, the percentage error usually 
may be taken as equal to 50 times the ratio of loop 
resistance in ohms to total insulation resistance in 
ohms. 

The telemetering and control systems described 
require from 2 to (5 conductors, but since 2-conductor 
systems predominate, this discussion is directed 
primarily toward such circuits. The principles 
involved may be extended readily to systems re¬ 
quiring 3 or more conductors. * 

Circuits may be divided into 2 classes: metallic 
circuits in which a metallic conducting path is 
employed throughout, and grounded circuits in 
which the ground is used as one side. For many 
applications metallic circuits constitute a more 
desirable transmission medium than grounded cir¬ 
cuits. However, the latter are satisfactory in many 
cases and ordinarily can be obtained at a low cost. 

The simplest forms of circuits which may be used 
are: a circuit consisting of two conductors, and a 
circuit consisting of a single conductor and ground. 
More complicated arrangements are encountered 
when it is desired to superpose the telemetering or 
supervisory control channel on a circuit, which also is 
used for. telephone purposes. Such superpositionfis 
accomplished by simplexing or compositing. 



Fig. 3. Grounded low frequency circuit derived 
, * from simplexed phantom circuit 
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Simplex Arrangements 

* 

The simplex method, illustrated in Fig. 1 as 
applied to the derivation of a grounded circuity is 
based upon the principle of balance. If the telephone 
circuit is perfectly balanced there will be no net,, 
emf or current produced in either the telephone # 
circuit or the derived simplex circust by signals being 
transmitted over the other. The use of two tele¬ 
phone circuits to derive a single metallic low fre¬ 
quency circuit is shown in Fig. 2. 

If a telephone pair is simplexed it cannot be used 
as a part of a phantom circuit. However, a phantom 
may be created from 2 pairs of conductors in the 
usual manner, and the phantom may be simplexed 
•so as to give one grounded low frequency circuit 
over the four wires in parallel. 

Simplexing connects the line conductors in parallel 
for the low frequency circuit. Circuit resistance 
thus is reduced correspondingly, but its linear 
leakage and capacity are increased. 

# 

Composite Arrangements 

In superposing a low frequency circuit on a 
telephone circuit by compositing, use is made of 
.frequency discrimination. The use of terminal 
composite equipment to derive 2 grounded low 
frequency circuits from a single telephone circuit 
is illustrated in Fig. 3 whereas Fig. 4 shows a single 
metallic low frequency circuit derived in a similar 
manner. The composite tefminal equipment imay be 
considered as consisting of a high-pass filter which 
freely transmits the telephone currents while at¬ 
tenuating the low frequency currents, and a low-pass 
filter which passes the low frequencies anni attenuates 
the telephone frequencies. The low frequency band 
provided by the composite set extends roughly 
to 75 cycles, while the high frequency band extends 
upward from about 135 cycles. 

+ 

Considerations Affecting Superposition 

Transmission considerations involved in the jise of 
simplexed or composited circuits for telemetering and 
supervisory control purposes are similar in general 
to those which apply in d-c telegraph transmission. 
For the longer open wire circuits it frequently will 
be desirable to composite rather than to simplex, 
because of the smaller leakage values obtained with 
composited circuits. Also, for the same reason 



Fig. 4. Derivation of 2 grounded low frequency 
circuits from composited telephone circuit 
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Fig. 5. Derivation of metallic low frequency 
circuit from composited telephone circuit 


a composited open wire physical circuit normally is 
to be preferred to a composited open wire phantom. 

Superposition frequently is accomplished not at 
the terminals of the telemetering or supervisory con-' 
trol system, but at some intermediate point, a simple 
metallic or grounded circuit being used from that 
point to the system terminal. The low frequency 
circuit may, of course, be superposed on several 
different telephone circuits in different parts of its 
length. * 

The circuit lengths for which superposition may 
be considered, ordinarily will be in excess of 1 or 2 
miles. 

Common Circuits 

In some instances where a single metallic telephone 
circuit is available a suitable circuit arrangement will 
permit the use of this circuit also as a metallic low 
frequency circuit. In ''such cases the principal 
problem frequently is that of transmitting the 
„ 'telephone ringing current and the telemetering or 
control current without mutual interference. An 
arrangement ^employed for the derivation of a 
metallic circuit for a d-c telemetering system from a 
metallic telephone circuit is shown in Fig. 5, In 
r this case the low frequency ringing (16 or 20 cycles) 
is applied to ground. 

When several metallic circuits are desired between 
' the same two terminals it is possible under certain 
conditions to use a single metallic conducting path 
as a common return, thus effecting an economy in the 
number of separate metallic paths required. This 
plan usually is feasible only for short distances 
where the circuit resistance is small in comparison 
with that of the terminals. It has been used success¬ 
fully for systems employing d-c impulse signals. 

Maintenance and Interference Protection • 

Since telemetering and supervisory control ser¬ 
vices generally are of vital importance in the fields 
in which they are applied, the highest practicable 
degree of continuity and reliability of operation is 
essential in most cases. Some of the procedures 
which have been found helpful include: 

1. Special markings at the terminals, frames, protectors, test 
boards, etc,, where the circuits appear. These serve to guard 
against possible interference or interruption to service. 

2. Frequent routine tests and inspections of the facilities. 

8. Arrangements for prompt location and clearing of troubles. 

• 4. Arrangements for prompt restoration of service in the event of 
failure. 



Fig. 6. Derivation of metallic d-c circuit from 
single telephone circuit 


In operatihg telemetering and supervisory control 
-systems in connection with different types of com¬ 
munication circuits, the application of certain re¬ 
quirements and limitations as to protection and 
interference conditions has been found desirable. 
These have been determined with a view to: 

1. The provision of a satisfactory grade of telemetering and super¬ 
visory control service. 

2. The avoidance of possible hazard to communication plant and 
personnel. 

3. Avoidance of possible interference with communication services. 

The requirements and limitations usually de¬ 
sirable for low frequency telemetering and super¬ 
visory control systems may be briefly summarized as: 

* n 

a. The potential of a d-c supply under any conditions should not 
exceed 135 volts positive or negative between any conductor and 
ground.* A potential of 270 volts may be employed between the 2 
wires of a pair provided the midpoint of the applied voltage is 
grounded. 

b. The potential of an a-c supply should not exceed 120 volts rms 
value between conductors or between any conductor and ground. 

o. The maximum c line current under any conditions should hot 
exceed 0.35 amp. (In some types of loaded telephone conductors 
the maximum current is limited to 0.10 amp.) 

d. Where there is a possibility of experiencing excessive ground 
potentials there should be no metallic connection between the line 
facilities and the high voltage station ground. 

e. The apparatus should be provided with insulation adequate for 
the conditions under which it is to be used. 

f. Not more than 50,000 noise units should be impressed on a paired 
. metallic circuit. The noise impressed on any two wires not in the 

same pair, or between any wire and ground, should not exceed 
10,000 noise units. 

The communication companies generally are 
equipped to make noise measurements in coopera¬ 
tion with the user of the telemetering or super¬ 
visory coptrol equipment. The above provisions 
agree, in general, with those observed in the operation 
of commercial telephone plant. When the user of 
telemetering or supervisory control equipment pro¬ 
vides hisr own circuits it is sometimes possible to 
exceed these limitations without undesirable effects. 
Many of the systems now furnished by the various 
manufacturing companies are designed and con¬ 
structed so as to conform to the provisions listed 
above. 

Ground Potentials and Their Effects 

An item* of interest in metering and control 
services is the possible occurrence of differences be¬ 
tween the ground potentials at the two ends of the 
circuit that may be of sufficient magnitude to cause 
appreciable interference in grounded circuits. Me¬ 
tallic circuits, on the contrary, are very rarely 
affected by ground potentials. V-V , 
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Differences in ground potentials ordinarily are 
small (not more than 10 volts). However, in a few 
locations in the United States the geological forma¬ 
tion is sucff that varying differences of substantial 
magnitude in ground potential ^occur more or less 
continuously. Difficulties incident to this cause may 
be overcome by an arrangement known as a ground 
potential compensator, which will neutralize ground 
potential differences up to about+100 volts. 

The elfect of ground potentials on telemetering and 
control circuits depends, of course, upon the type of 
system. As a rule, the accuracy of telemetering* 
systems which use a slowly .varying direct voltage or 
current is affected by ground potentials. Conse¬ 
quently, metallic circuits generally are more de¬ 
sirable for such services. Systems employing d-c 
impulses, however, are much less susceptible in this 
respect, and usually are not affected by small differ¬ 
ences in ground potentials. Therefore, grounded 
circuits may be used successfully in many applica¬ 
tions of these latter types of systems. 

Where several telemetering or supervisory control 
systems employing relay operation are to be used 
between the same terminals, an arrangement may be 
provided whereby a grounded channel is used for 
each system and a single auxiliary conductor is used 
to compensate for the effect of ground potentials in 
all systems. 

Power Interference 

In certain cases the transfer of energy from power 
circuits may introduce substantial alternating volt¬ 
ages and currents into circuits used for telemetering 
and supervisory control systems. If circuits closely 
parallel power line rights-of-way, special drainage 
and protection arrangements ordinarily will be 
required. In the more usual cases where signal 
circuits are less severely exposed to the power cir¬ 
cuits, appreciable induction may be experienced 
during normal operation of the power system, but 
disturbances caused by abnormal occurrences on the 
power circuits, such as short circuits or grounds, 
will be of greater importance. 

As in the case of differences in ground potential, 
metallic circuits are much less susceptibly to power 
interference than are grounded circuits. Also, cable 
circuits are much less affected than open wire cir¬ 
cuits. The amount of actual interference that such 
power induction may produce in telemetering and 
supervisory control systems depends, of course, upon 
the type of system employed and upon, the magni¬ 
tude of the effects present. - 

If a high voltage station ground or a nearby 


ground is used for grounded ^telemetering or super¬ 
visory control circuits these circuits are extremely 
susceptible to interference at times of abnormal 
conditions in the power system.* This difficulty # 
may be obviated by using an operating ground at an 
intermediate point (such as a telephone central-* 
office) some distance away from the high voltage, 
station and employing a metallic circuit between 
that point and the high voltage station. This makes 
possible the use of a grounded circuit in sections not 
affected by disturbing potentials. The metallic 
circuit extending to the high voltage station must, of 
course, be insulated against the maximum potentials 

to which it may be subjected. 

• • 

’Operating Distances 

The distance over which satisfactory operation 
may be secured with different types of telemetering 
and supervisory control systems depends both upon 
the design of the system and the character of the 
associated communication circuits. Ordinarily the 
manufacturer will indicate the approximate length 
of different types of circuits over which his equip¬ 
ment will yield a satisfactory performance. The 
scope of this report does not permit a statement 
of the ma ximum distances which may be spanned 
•with each equipment as applied to each type of 
circuit. A few general observations, however, may 
be helpful. 

For cable circuits, especially of the metallic type, 
the resistance usually is the principal factoj in de¬ 
termining the operating range. With open wire 
circuits, the leakage frequently will be the con-, 
trolling factor. ' 

For systems having the higher speeds of trans¬ 
mitting impulses and for 60-cycle systems, es¬ 
pecially when operated on simplexed or composited 
facilities, the effects of capacity and inductance in 
the communication circuit and in the compositing’ 
equipment will limit the length to much shorter 
values than those determined by resistance only. 

In general, the positions of type telemetering 
systems are best suited to comparatively short 
distances, perhaps up to 5 miles. • 

The voltage and current types of telemetering 
systems cover, in general, a range of operating 
distances up to about 50 miles, with greater ranges 
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Fig. 7. Common return circuits 


Fig. 8. Use of auxiliary conductor to compensate 
for ground potentials 
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Fig. 9. Use of ground at intermediate points 


feasible if simplexed cable circuits are used. The 
accuracy of th&se systems is affected appreciably by 
the leakage on open wire circuits. Metallic circuits 
are preferable for these systems; in fact, are essential 
for certain types. 

Systems employing d-c impulses generally will span 
a maximum distance of from 50 to 250 miles or more. 
These systems are well adapted to the use of > 
grounded channels, and their accuracy is not im¬ 
paired by leakage conditions. For systems em¬ 
ploying relay operation, greater distances usually 
may be spanned and superior operating results 
obtained by the use of polar operation or the equiva¬ 
lent instead pf open-and-close operation. 

Repeaters, for the most part, are unnecessary for 
the distances normally to be covered. In cases 
where it is desired to span unusually long distances, 
certain of the systems employing d-c impulse sig¬ 
nals may be repeatered with ordinary telegraph 
repeaters. Also, repeaters employing equipment, 
similar to the terminal equipment for some of the 
systems can be furnished by the manufacturers. 

A 

Circuits for Voice Frequency 

The employment, of signals in and above the 
voice frequency range is practicable for telemetering 
and supervisory control systems, although in most 
cases d^c or low frequency signals have been used. 
Some of the more important reasons for their usage 


1. The employment of the voice frequency range for these purposes 
sacrifices its utility for telephone purposes. 

2. The avoidance of interference with adjacent services is readily 
obtained by the utilization of the low frequencies. 

The protection provisions desirable for tele¬ 
metering and supervisory control systems employing 
frequencies in or above the voice range are somewhat 
the same as for low frequency systems. Where 
there is a possibility of interference with other ser¬ 
vices, the amount of energy usually is determined on 
the basis that the signaling energy should be com¬ 
parable in its interfering effect with the normal 
voice currents. 


doubtedly will be out of date in a relatively short 
time. It is hoped that frequent contributions will 
be received from users of telemetering and super¬ 
visory control equipment reporting thei/ experiences 
with this apparatus so that this report may be 
supplemented from time to time as may seem de¬ 
sirable. The committee will be glad to assemble 
and .correlate any comments of this nature that may 
be offered. 


IV—Conclusion 


. . Considering the rapid advances 

V*- the art, a report of this nature, summarizing 
the present available information concerning tele¬ 
metering and supervisory control systems, un¬ 


New Radio Tube Has 
Attractive Characteristics 

PuTTING into apparently successful 
practical application the results of several inde¬ 
pendent research efforts, a new radio tube of interest¬ 
ing characteristics recently has been brought into 
the market. Known as the “Wunderlich Tube” this 
device^is specially designed to serve as a high quality 
detector which combines full-wave rectification with 
a stage of audio amplification and provides also, 
all within one tube structure, the necessary voltage 
for the automatic control of sensitivity. 

This new tube may be described as a coplanar 
grid tube in which grid rectification is obtained .by 
employing 2 grids as the 2 anodes in a full-wave 
rectifier circuit, while these grids act in parallel to 
amplify the rectifier audio-frequency voltage, de¬ 
veloped across the grid leak and grid condenser. 
The coplanar grid arrangement increases the power 
handling capacity of the grid-leak detector by giving 
greater output and also permitting the develop¬ 
ment of a voltage sufficient for automatic volume 
control purposes. The tube, of course, is distinctly 
different, both in construction and operation, from 
any of the other tubes now commercially available. 
It may be thought of as being an ordinary 3-elec¬ 
trode tube to which there has been added a second 
grid wound between the meshes at the usual grid, 
and developed in this instance to give a combined 
power detector and automatic volume control tube 
all in one. The detecting action is of the power- 
grid rectification type and, because of the coplanar 
arrangement, is able to deliver approximately twice 
as much undistorted output as can the ordinary 
triode type of grid rectifier. The volume control* 
function is said to be performed without interfering 
in anjr way wirii the tube’s primary function as a 
detector. Experiments seem to show that various 
control groupings can be arranged depending upon 
the characteristics of the particular circuit in which 
the tube is to be used. 

The tube derives its name from Norman E. Wun¬ 
derlich (A’27) of Chicago who, in cooperation with 
the Arcturus Radio Tube Company of Newark, 
N. J., has sponsored this first commercial coplanar 
grid type of vacuum tube to be placed upon the 
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American market. Some details pertaining to earlier 
efforts to develop a commercial type of coplanar 
grid tube are described in a paper, “A Study of the 
Output Power Obtained From Vacuum Tubes of 
Different Types,” prepared by H. A. Pidgeon and 
J. 0. McNally (A’26) which may be found on p. 
266 of the February 1930 issue of the Proceedings 
of the Institute of Radio Engineers. Experimental 
and theoretical data supporting the contention that 
satisfactory power grid leak detection qould be ob¬ 
tained were given in a paper, “Some Prop’erties of 
Grid Leak Power Detection,” prepared by F. E.' 
Terman (A’23) associate professor of electrical engi¬ 
neering at Stanford University (California) and 
N. R. Morgan, then a graduate student at Stanford. 
This paper may be found in the December 1930 
Proceedings of the I. R. E. The Wunderlich tube 
is the first commercial development to make use 
of these works and its evolution shows a serious 
attempt to develop a new tube capable of perform¬ 
ing the functions for which present day receivers 
require 2 tubes. 


Nothing 
More Modern 


Electrical features of the Philadelphia 
Saving Fund Building include unusually 
high artificial illumination and complete 
air cooling and conditioning equipment, 
serving the entire building. The installa¬ 
tion involves some unique designs and 
new applications of engineering materials. 
Owners, architects, and engineers have co¬ 
operated to secure a highly modern and 
practical structure. 


V -rr Associated with Howe and Lescaze, 
C. D. FAWCETT architects, and with H. Berkeley Haclcett, 
MEMBER A.I.E.E. consuitinB engineer, Philadelphia, Pa. 


I HE OLDEST savings bank in 
America, the Philadelphia (Pa.) Saving Fund So¬ 
ciety, now is completing construction of a new 33- 

Written especially for Electrical Engineering by Mr. Fawcett, who in 
addition to his consulting activity is professor of electrical engineering at the 
Moore School of Electrical Engineering, University of Pennsylvania, Phila¬ 
delphia, Pa. * Not published in pamphlet form. 


story bank and office building of the most modem 
functional design in America. With electrical and 
mechanical equipment selected to provide extensively 
for the comfort and convenience of its occupants, 
the building provides: elevator service 20 per cent 
faster than found in typical similar structures; for * 
natural lighting efficiency, an outsjde wall area 65 * 
per cent glass; for artificial lighting efficiency, an 
indirect system providing on all ndrmal working 
planes an evenly diffused non-glare illumination^ of 
19 ft-c; for exterior decorative effects, floodlighting 
near the ground, panel lighting near the roof, *and a 
27 X 120-ft neon sign on the roof; for the health and 
comfort of those in the building a complete recircu¬ 
lating air cooling and conditioning system, with full 
temperature and humidity control. Communica¬ 
tion, alarm, and signal systems installed provide 
extensive facilities for telephone, radio, television, 
telegraph, stock ticker, telautograph, and synchro¬ 
nous time services. It is contemplated that the 
building will stand as a creditable monument to its 
owners, architects, and engineers, as an exenfplifica- 
tion of their design slogan, “Nothing more modem.” 

Electric service to the building is supplied over 
2 13.2-kv 3-phase 60-cycle circuits from independent 
sources. Two isolated sections of 13.2-kv bus and 
.duplicate low voltage buses for power and light 
distribution are designed to operate normally with 
half of the entire building load on each of the 2 
incoming high volt- * 

age feeders, with 
arrangements to 
interconnect auto¬ 
matically the 2 
sections of the high 
voltage bus in the 
event of the failure 
of either feeder. 

The control facili¬ 
ties provide for 
manual rather than 
automatic restora¬ 
tion of normal ser¬ 
vice conditions 
after automatic 
transfer. Auto¬ 
matic interlocks 
on both the high 
voltage and low 
voltage circuit 
breakers prevent 
inadvertent paral¬ 
leling of the 2 main 
service feeders. 

For extreme emer¬ 
gency conditions, 
full manual con¬ 
trol may be es¬ 
tablished through 

a master release ' . A V./ J , . c 

which makes the F.g.. 1. Architects drawing of 

, normal interlock- ' America s most modern com- 

; mg features inop- mercial structure, the 33-story bank 

erative. Since and office building of the Phila- 

local system volt- delphia Saving Fund Society 
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age regulation is very good, no regulators were in¬ 
stalled, 2 2.5 per cent taps above and below the 
normal 13.2-kv connection on each of the main trans¬ 
formers being supplied for possible future changes 
in nominal voltage values. 

In the sub-basement substation, a 3-section semi¬ 
circular duplex control board centralizes the control 
and metering for all circuits. The outside section^ 
of the board *carry triplex ammeters, respectively, 
for the power and the lighting feeders; the center 
section carries a dummy bus with a complete com¬ 
plement of pilot lights and control switches for 
operating all high voltage switches and the bus-tie 
and inter-bus emergency transfer switches, all 
necessary ammeters, wattmeters, power factor 
meters, totalizing graphic wattmeter, and graphic* 
voltmeters for the power and light buses. The rear 
doorSVof the panel boards carry associated relays and 
test blocks, and also give access to the wiring. For 
all control wiring, multiple-conductor colored control 
cable is used, housed in accessible wire-ways placed 
at the Hop of the switchboard sections to protect 
against possible damage from flood waters. 

Power for all service motors and elevators through¬ 
out- the building is distributed over 3-wire 3-phase 
60-cyde circuits at a nominal rating of 440 volts, 
whereas lighting equipment is fed from a nominal. 
199-115-volt 3-phase 4-wire 60-cycle grounded- 
neutral system.. An auto-transformer is provided 
for the emergency transfer of energy between the 
light and power buses in the event of failure of one 
of the Utain transformers.'' Color identified wires and 
cables are used throughout the building for all low 
voltage feeders, subfeeders, and branch circuits for 
both light and power. Two special elevator feeders 
run thejfulJ height of the building, each with taps at 
the 20th floor for the low rise elevators, and at the 
33rd floor for the high rise elevators. Each elevator 
feeder has copper capacity sufficient to serve all 
elevators, and switching facilities to provide for the 


transfer of any elevator to either feeder and hence to 
either of the building services. An excellent oppor¬ 
tunity thus is provided for balancing power loads, 
for balancing power factor on the service feeders, 
and for inspectionc and maintenance requirements. 
In addition to the 2 elevator circuits there are 9 
power feeders and 9 lighting feeders, and provisions 
for “one spare feeder for replacing any defective 
lighting feeder. All circuits for the lighting system, 
including the transformers, have been designed and 
installed*for a capacity approximately 50 per cent 
greater than the present connected load. 

An interesting departure from common practise is 
presented in the design used in both low voltage bus 
feeders and in the corresponding distribution risers 


Fig. 3. Oil-insulated self-cooled transformer equip¬ 
ment includes 2 1,200-kva 3-phase units for power 
supply, 2 750-kva 3-phase units for lighting supply, 
and one 750-kva 3-phase auto-transformer unit (not 
shown) for emergency interconnection between the 
440-volt power buses and the 115-199-volt 4-wire 
lighting buses 


Fig. 4. The use of sheet insulation in the bus 
Fig. 2.V Seven metalclad oil circuit breakers serve # assemblies speeded construction/ simplified expan¬ 
se 13.2-kv bus/ 2 for incoming service lines, 2 for sion problems, proved no more costly than the 

: power supply, 2 for lighting supply, and one service* more usual types of construction and will 'expedite 

r bus tie inspection and repair ■ ; V.; 
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The steel raceway 
carrying these cir¬ 
cuits line the wire 
shaft on 2 sides 
from the sub-base¬ 
ment to the 32nd 
floor. In these 
steel feeder com¬ 
partments the flat 
copper conductors 
are guided and 
spaced by sheet 
insulation spacers 
located every 4 ft, 
and the weight is 
^supported by verti¬ 
cal sheets of insu¬ 
lating material. 
Each phase of bus¬ 
bar feeder is sup¬ 
ported at the 
middle of a 120-ft 
vertical section by 
one of these sheet- 
insulation sup¬ 
ports, and the ex¬ 
pansion is upward 
* and downward 
from that fixed 
point. Woven 
copper straps, sur- 


Fig. 6. Lighting fixtures are se¬ 
verely simple in contour and fipish, 
and economical in first cost and 
maintenance. They use 200-watt 
silvered-bowl processed lamps 
hung 40 in. below the ceiling on 
'8 Vs to 9Va-ft centers 


Fig. 5. Steel feeder compartments for.the wire shaft 
which extends the entire height of the building were 
factory-made in sections for each floor span. Feeder 
conductors consist of 2 l A X 2-in. flat copper strips 
per phase, designed for a current density of 800 amp 
per sq in., and supported and spaced by sections of 
sheet insulation. For tap-offs, special connection 
boxes fitted with suitable outlets are substituted for 
the plain covers shown 

through the building. In both instances, flat copper 
strap of convenient proportion was*used, spaced, 
insulated, and supported by flat sheets of composition 
insulating material. An example of this construc¬ 
tion as used in the main low voltage buses may be 
seen in Fig. 4, where it may be noted also that the 
supporting sheet insulation is mounted by means of 
bolts sliding in slotted angle iron pieces which in turn 
are bolted to the concrete floor slabs. This latter 
construction is used for long runs and,, with flexible 
cable connections at the ends of the runs, takes care 
of all temperature expansion and contraction in tne 
bus copper. Electrical and mechanical tests have 
indicated high factors of safety under both dry and 

wet conditions. . . « , • 

A related type of construction is used for the mam 

vertical distribution circuits as indicated in rig? o. 


rounded with com- , 

position phase-spacers take care of the expansion be¬ 
tween these sections. * 

Over the entire length of the wire shaft compart- * 
ment covers are removable and tap-pff feeders are 
housed in enclosing boxes which fit into the spaces 
otherwise normally occupied by the compartment 
covers, thus providing convenient connection at any 
desired point. Between the adjacent steely feeder* 
compartments there exist, as a “by-proauct of the 
design, wire raceways approximately 3X6 in. m , 
cross-section in which low-capacity rubber-insulated 
cables and control wiring for various building 
services are installed. The whole design is safe, 
fireproof, compact, easily accessible for inspection 
and repair, economical in first cost,, and readily 
capable of expansion in copper capacity and extra 

tap-offs without loss of existing materials. • 

J'he principal features of illumination in the bund¬ 
ing, as already mentioned, include relatively high . 
intensity of interior illumination and the neon sign 
of spectacular proportions on the roof. The ex¬ 
ceptionally fine lighting effect with the. 19 ft-c of 
evenly diffused light is secured by the simple unit 
shown in Fig. 6. To eliminate glare and specular 
reflection, the light gray walls and white ceilings 

are painted with a non-gloss finish. 

The neon sign on the roof of the building about 
500 ft. above the sidewalk is one of the largest in the 
United States. Each letter is 27 ft high, 9 in. m 
depth, 15 ft wide, and has a 22-in. stroke. ^ The 
letters are supported in free space 30 m. in front of a 
solid metal plate background which spans 120 tt in a 
horizontal direction. The letters are of simple block 
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form, painted white apd. with porcelain enamel face; 
the background is a deep cobalt-blue. Approxi¬ 
mately 1,000 ft of 12-mm 30-ma neon-filled tubes are 
used to provide* illumination at the center of the 
letter strokes. Visibility and tube light output tests 
► now being conducted may alter somewhat the. 
ultimate tube specifications. It is expected thatfthe 
sign may be reatl from a distance of 3 miles at 
night and 3 m^es in the daytime. 

In summarizing some of the outstanding 'electrical 
features of this building it is of some interest to note 
that some 64 per cent of the building motor load is 
required for the air conditioning and circulating 
equipment, in addition to the motors installed as 
spare units.* Other pertinent data are given in the 
following tabulation: 

Total connected motor load (exclusive of spare units). 3.620 hp 

Elevator load. 1,046 hp 

Air-conditioning load. 2,310 hp 

Domestic water system. 121 hp 

Heating system (for condensate, etc.). 41 hp 

Miscellaneous applications..'. 102 hp 

Total connected motor load (approx.). 3,100 kw 

Total connected lighting load. 1,676 kw 

Grand total connected light and power load. 4,776 kw 

Total over-all volume of building.7,977,000 cu ft 

Total over-all floor space. 862,680 sq ft 

Space rented by P.S.F.S. (owners). 62,900 sq ft 

Office space, rentable area.;.328,510 sq ft 

Store space, rentable area. 35,140 sq ft 

Non-rentable area....136,130 sq ft 


Researches in 
Art Welding 


Research of extreme importance in the field 
of electric welding is reviewed briefly in 
this progress report. Laboratory tests have 
demonstrated the impossibility to strike an 
arc with 120 volts between pure iron elec¬ 
trodes in an atmosphere of pure argon, an 
observation that may require the modifica¬ 
tion of basic conceptions of the nature of 
the electric arc discharge. 


By 

G. E. DOAN 
J. L. MYER 


Lehigh University, 
Bethlehem, Pa. 

The Engineering Foundation, 
New York, N. Y. 


a •!« INDUSTRIAL electric arc welding 

-hiriSi kSS! d K? C - Ul V°* sa ^ P nce S° od or bad results 
3 e ^.? b ^ e . d > 3 u st why they are good or why 
bad, and if bad just which of the dozen or more 


e; variables in the process was responsible. Obviously 
i- many inferior welds are being made in this maze 
:e without leading to any definite conclusion. Some of 
ie the variables are: 
is 

1. Kind of steel welded—that is, the chemical composition, heat 
Ic treatment, amount of included matter, and surface condition of the 
e parts welded 

Lt 2. Kind of electrode wire used 

3. Preparation of parts prior to welding 

d 4. Kind of welding machine used 

5. The human element in the operator’s work 

• s ""6. Subsequent heat treatment of weld 

& 7. A host of others. f 

S 

e It has been proposed that this admittedly complex 
* but industrially important problem be studied by 
statistical methods in which each variable in every 
welding operation, together with the degree of success 
of the operation, be recorded on a series of cards 
which could then be sorted and the r6le of each 
variable so evaluated. The other obvious method of 
attack is the method of abstracting the basic simpli- 
t fied system from the usual complex system; such as 
using pure iron for electrodes and for the parts to be 
joined, and performing the welding in an inert and 
therefore non-participating atmosphere. This latter 
is the method adopted by the present authors and 
supported by the A.I.E.E. through a grant from 
Engineering Foundation in 1930, and supported also 
by Lehigh University. 

The successful completion of this project should 
establish a base-line both for the behavior of arcs and 
for the qualities of welds of pure iron in a non-partici¬ 
pating atmosphere. Once the characteristics of an 
iro# arc are known, and once the physical, chemical, 
mechanical, and metallurgical properties of pure iron 
welds are established, all more complicated alloys 
such as commercial steels then could be referred to 
that base line as a standard, and a judgment could be 
made of the qffects of each alloy element, whether 
desirable or undesirable. Thus, questions such as: 
“What should be the phosphorus or sulfur content of 
steel for welding? Is nitrogen in steel detrimental 
for welding? "What about the best composition for 
welding wire? What is the action of air on the arc 
and on the weld metal?” today unanswered, could 
gradually be answered by reference to the pure iron 
base line, and the wastefulness and uncertainty of 

guessing eliminated. 

• • 

Purity of Materials 

Pure iron in the form of wire 1 / s in. in diameter and 
plates y 8 in. thick was contributed for these studies. . 
A special method was followed in the preparation of 
these experimental samples from ferrous chlorid 
(FeCl 2 )* of reagent grade. This material analyzed as 
follows: . 

SOj 0.0005 per cent 

As 0.0000 per cent 

Cu 0.0000 per cent 

" Zn 0.008 per cent 

Specially prepared for Electrical Engineering; includes ’ the essential 
substance of a progress report presented informally before the welding session 
of the A.I.B.E. 1932 winter convention, the substance of important discussion 
arising from that presentation, and the results of subsequent"research. Not 
punished in Pamphlet form. * 
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It-then was partially converted to oxid by heating in 
a porcelain dish in an oven. Decomposition was 
completed by adding chemically pure concentrated 
nitric acid (HN0 3 ) and reheating in an oven. The 
ferric oxid (Fe 2 Cl 6 ) thus produced was reduced in 
hydrogen in a porcelain tube to give metal powder. 
After that, the powder was sintered and drawn into a 
wire, and finally heated in a tungsten grid vactium 
furnace. 

Argon gas with total impurities amounting to only 
0.0003 (30 parts per million), the purest*gas.obtain¬ 
able in quantity, was used for the experiments. The 
arc chamber, AC in Fig. 1, \yas made of pyrex glass, 
as also was the auxiliary purification chamber PC 
and all connections. The auxiliary chamber con¬ 
tained a second arc,- supplied by a separate 500-volt 
circuit. The arc in this chamber had misch metal 
(reactive metals such as cerium or lanthanum) as one 
electrode. With such an electrode, the metal which 
vaporizes from it reacts with any reactive gases in 
the argon and the compounds so formed deposit on 
the walls of the chamber. This has been reported 
upon in some detail by Dr. Saul Dushman in the 
Franklin Institute Journal for June 1931. 

Arcs in Argon 

In tests made with argon gas as received, in'moist 
air and in dry air, all metal parts except the iron 
wires, but including the copper grips CC and the glass 
chambers, were baked out previously in a hydrogen 
furnace to expel gases. The chambers then were 
exhausted, filled with argon, again exhausted and 
filled, and the arc struck between electrodes EE by 
turning the ground glass lug L. Runs made without 
operating the misch metal arc further to purify the 
argon gas as purchased, gave a normal arc discharge 
at EE with an impressed potential of ISO volts. The 
results so obtained, while valuable, were not espe¬ 
cially noteworthy. The length of the arc. was 
measured by projection onto a screen, the current 
and voltage by Weston standard laboratory meters. 
The results are shown in the characteristic curves in 
Figs. 2 and 3. Currents higher than 2.5 amp could 
not be used without consumption of the electrode. 
For comparison with the argon, similar runs were 
made in slowly circulating dry air and in circulating 
moist air. These characteristic curves for dry air 
and for moist air arcs of pure iron are included in 

Figs. 2 and 3. 

As Fig. 2 shows, the arcs in air, both dry and moist, 
require a substantially higher voltage than the arc m 
argon. Also, the arc in air cannot be extended to 
.such lengths as the arc in argon, which latter goes to 
9 mm without extinction. In most cases the voltage 
of arcs of a given length in dry air are lcvwer than in 
moist air, as reported also by Shrum and Wiest at the 
1931 winter convention of the A.I.h.h. 

Trans., v. 50, June 1931, p. 650-5). Both 1-amp arcs 
show irregularly high voltages indicating probab y 
that the arc was in transition between the first and 
second arc stages. Further information concerning 
this may be found in papers by S. Maisel (Phys.Z&U., 
v. 550, 1904); C. P. Steinmet z (Trans, Elec. Cong^, 
St. Louis, V. 2, p. 704, 1904); Cady and Arnold 
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(Am. Jl. of Science, v. 24, p. 383, Nov. 1907). At 
4 mm the dry air arc curves of*Fig. 3 show breaks at 
all currents. No explanation for this irregularity is 
offered at present. In other respects the curves in 


AC, .arcing chamber,- C, electrode 
holders of copper with coojing fins; 
Cjp, current leads; E, pure iron elec¬ 
trodes; L, lug ground into stopcock 
with device for moving upper elec¬ 
trode; PC, purification chamber; M, 
misch-metal purification arc; VL, volt- 
• meter leads 
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Ffg. 1. (Above) 
Apparatus used 
for the determina¬ 
tion of the charac¬ 
teristics of arcs 
drawn between 
pure iron elec¬ 
trodes in an atmos¬ 
phere of argon gas 


Fig. 2. (Right) 

Comparison of the 
voltampere char¬ 
acteristics of the 
iron arc in argon 
gas, moist air, and 
dry’air 



i;00 1,25 1.50 1.75 2.00 2.25 2.50 

I IN AMPERES 

—a ARGON —Q MOIST AIR •• —• DRl AIR 


625 


ARC LENGTH IN MM 





* 


• * 

* In coniin ent i n S °n the inability to obtain the nor- present experiments, the positive space charge just 
mal arc under these “drastically purified” conditions, outside the cathode is very small. Consequently, the 
Compton in a private communication suggests lines of force of such a charge are spread out so widely 
tliat possitiiy an oxid layer on the cathode is a pre- that the electric field between the *space char ge gn d 
requisite in maintaining the proper cathode tempera- the cathode is weakened materially. If the field # 
tnre (in accordance with the thermionic emission strength drops below a certain value, it is impossible* 
theory of "the arc). Such an oxid layer might raise for^electrons to be “pulled out” of the cathode, and. 
the cathode temperature by virtue of its electrical hence the discharge cannot be supported, 
resistance or its thermal insulating properties. • Because of the indicated basic namre of the dis- 
Compton further suggests that the elastic electron covery, these experiments are being continued as part 
, impacts with argon molecules might so soatter the of a comprehensive program, both in America at 
current over the cathode as to make impossible the* Lehigh University and abroad in Berlin whence the 
establishment of a cathode spot. junior author of this report has gone to continue cer- 

Dr. Dushman in. a private communication, also tain phases of the work. It is contemplated that a 
considering the arc in terms of thermionic emission, complete, detailed report on the studies of the pure 
remarks that a thin film of iron on an oxid surface of ‘iron arc in argon may be published soon by the 
the metal has a far greater thermionic emission than American Welding Society. Concurrently, the ef- 
has the nncontaminated metal surface itself. He is forts to determine the properties of pure iron.welds 
undertaking new experiments in a study of such are being continued; welds of pure iron and also 
effects. ^ _ welds of commercial steel have been prepared in 

Dr. Slepian discussed the subject before the con- “impure” argon and in air. The chemical, physical, 

* vention in the light of Langmuir’s space charge mechanical, and metallurgical properties pf these 
theory. For low current arcs, such as used in the welds now are being ascertained. 


Electrical Operation 
on the Great Northern 


To eliminate a circuitous mountain cross¬ 
ing which had become the “bottle neck” 
of the line, the Great Northern Railway 
built a tunnel almost 8 miles'long, re¬ 
located 17 miles of track/ and electrified 
73 miles of line. Some of the operating 
experiences and savings effected in the 
3 years since electrical operation was 
begun are outlined in this article. 


By 

J. B. COX 
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Electrification of the Cascade. 

Division of the Great Northern Railway main line 
between Skykomish and Wenatchee, Wash., has 
doubled tiie capacity of that portion of the line and 
has resulted in many operating advantages. The 
electrification, which embraces a total of 73 route 

Essentially full text of u paper "Electrical Operation on the Cascade Division of 
the Great Nor %li CT n Railway" (Uo- 32 -U0) presented at the A.I.E.E. Pacific 
Coast convention, August 30-September 2, 1932. * 


Fig. 1. Locomotive and train leaving western end 
of hew Cascade tunnel 

miles, was carried out in conjunction with the build¬ 
ing of a new tunnel 7.79 miles long, and the relocation 
of approximately 17 route miles of troublesome track 
and other minor improvements, aggregating the total 
expenditure of approximately $25,500,000. All of 
these improvements werft placed in operation at 
about the same time so that there has been no 
opportunity to make a direct and segregated com¬ 
parison of operating expenses that would indicate 
definitely the advantages of each improvement 
separately. The new tunnel represented the second 
undertaking of that nature in the history of the 
Great Northem Railway’s route across the precipi¬ 
tous Cascade range. # 

The original route, which was placed in operation 
in 1893, went over the range through Stevens Pass at 
an elevation of 4,059 ft. It was possible to keep the 
maximum grade at 2.2 per cent up to 3,382 ft on the 
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eastern slope, and to el^3,126 ft on the western slope. 
These points were approximately 2.7 miles apart by 
direct line through the mountain or 4.5 miles over the 
pass. A tunnel between these points was considered 
at the time, but it would have cost more and taken 
•much longer to tunnel than to build the road through 
"the pass, two. very important items in those days; 
consequently |he«line was built through the pass. 
This was done by increasing the ruling grade to 4 pef 
cent and resorting to an 8-point switchback, involv¬ 
ing approximately 12 miles of track. As had been 
foreseen, this switchback became the proverbial 
“bottle" neck” of the line and with the natural in¬ 
crease of traffic, its capacity soon was reached. This 
was particularly so during the winter months when 
there was apt to be an aggregate fall of from 50 to • 
100 ft of snow at a rate as high as 8 to 10 in. per hr 
at times. 

To overcome these difficulties and to improve the 
service, the construction of a 2.63-mile tunnel was 
begun in 1897. This tunnel which was placed in 
operation in 1900 ran in a straight line at a constant 
grade of 1.695 per cent eastbound, cut out the entire 
switchback, and eliminated 2,332 degrees of curva¬ 
ture and all grades in excess of 2.2 per cent. This 
improvement shortened the route approximately 9 
miles which reduced the running time of all trains 
about 2 hr with a corresponding decrease in operating * 
expenses. & 

First Tunnel Electrified in 1909 

© * 

With a further increase in traffic the ventilation of 
'this tunnel became so unsatisfactory with the opera¬ 
tion of coal burning steam locomotives that the tun¬ 
nel and track® at each end were electrified. The 
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Fig. 2. Condensed profile of the old and new* 
routes over the Cascade range 

Table I Comparison Between Old and New Lines * 


Old Line 


New Line 


Advantages 
of New Line 


Length in miles. 

Maximum curve, deg. 

Total curvature, deg_ 

Maximum grade, % . 

Tunnel grade, %.,. 

Summit elevation, ft. 

Total rise westward, ft.;.. 

Total fall westward, ft. 

Total length of snow shed, 
Total length bridges, miles 
Total length tunnels, miles 


. 17.87 . 

. 10.00 
.2,128 
. 2.2 
1.695 
. 3,3&2 
. 546 
. 1,325 
6.04 
. 0.23 

3.86 


9.99 . 
6.00 . 
. 187 
. 2.2 
1.565 
.2,881 
. 45 

. 824 


501 

501 

501 

6.04 

0.19 
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?. 3-phase system was selected for this installation 
y largely because of its ready adaptation to regenera- 
e tive braking. It was the first and only application 
1 of this system in America, as well as the first re- 
n generative braking on a steam railroad. (See “The 

* Electric System of 'the Great Northern Rahway at 
, Cascade Tunnel,” C. T.. Hutchinson, A.I.E E 

. Trails., v. 38,1909, p. 1281.) 
i* Electrical operation of this tunnel was begun in 
July 1909.^ The 3-phase equipment satisfactorily 
l met the original requirements and was continued in 
service until March 1927 when it was replaced by th e 
■ present single-phase system. The only notable modi- 
s fication of the 3-phase equipment was the installation 
l of the necessary wiring and switches for a concate- 
1 n ated connection of the traction motors to provide 

• a running speed of 7y 2 mph in addition to the speed 
of 15 mph originally selected. This was done in 
the latter part of 1923 when the division point of 
the road was removed from Leavenworth to Wenat¬ 
chee (Appleyard) which increased the length of the 

freight run from 109.3 miles to approximately 132 
miles. 

At the beginning of electrical operation, the freight 
trains did not exceed 1,600 tons trailing so that 3 of 
the 115-ton electric units were used to take this train 
. the road steam locomotives through the tunnel 
at nne trip. With a gradual increase in train weights 
it had been found necessary to cut the heavier trains 
and take them through in 2 trips, on account of the 
limited capacity of the Turn water power plant; this 
caused a delay of about an hour. By using the half¬ 
speed connection it was possible to use 4 electric units 
per train and to haul up to 2,200 tons trailing plus the 
ste^m road locomotives through the tunnel at a single 
trip without exceeding the capacity of the power 
plant. r 

Electrification Extended 

This lessening of the total number of trips per day 
left the electric locomotive crews and the power plant 
idle a greater portion of the time. Consequently 
consideration soon was given to the extension of the 
electrification from the west portal of the tunnel to 
Skykomish, a distance of approximately 21 miles, so 
that the electric units might be used to replace the 
steam locomotives used in the helper service on the 
2.2 per cent grade up the west slope. A study of this 
plan indicated that, if adopted, quite a saving in 
operating expenses should result in addition'to some 
saving in time. There would be practically no 
increase for electrical operating cost as the extended 
service would increase only the load factor without, 
adding greatly to the crew hours paid for, and the" 
necessity for the«6top at the west portal of the t unn el 
t would be avoided. 

In the consideration of this extension it was 
realized that a new tunnel undoubtedly would be 
constructed within a few years, involving a new 
route which would result in the abandonment of at 
least 9 miles of this proposed extension as well as the 
old tunnel electrification. It was necessary therefore 
that the expenditure for the extension be kept at a 
minimum and that any additional electric Jocomo- 
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tiVes required be capable of use on any desired change 
of route. 

The 3-phase locomotives then in use in the tunnel 
with their constant speed characteristics and with 
only 2 operating speeds were not j^est suited to meet 
operating conditions on the extension. This fact, 
together with the complications in the contact system 
owing to the necessity for the 2 overhead wires, made 
it unlikejy that this system would be chosen if the 
electrification were extended beyond the mountain 
section. After careful consideration the‘single-phase 
motor-generator type of locomotive was chosen as 
being best suited to meet all of the existing condi¬ 
tions. This locomotive embodies a combination of 
the most desirable features of both single-phase and 
d-c locomotives. The speed can be varied to any 
degree necessary to conform to either the train weight 
or available power, or both; this type of locomotive 
thus is well adapted to operation as a helper to a 
steam locomotive. For the extension planned, one 
double-unit class 1 — D — 1-j-l — D — 1 motor- 
generator locomotive originally was ordered. 

Generators at the power house were of liberal 
design, having sufficient excess capacity over the 
water-wheels to permit their operation single-phase. 
Available capacity at the power house was approxi¬ 
mately 4,000 kw. 

New Tunnel and Further Electrification 

A few months after the equipment for this exten¬ 
sion had been ordered and before electrification had 
beep, completed, a decision was reached to construct a 
new tunnel 7.79 miles in length. The new route 
would leave the main line at Scenic on the west slope 
and join it again at Berne on the east slope, thus sub¬ 
stituting 9.99 miles of new route for 17.67 miles of the 
old route with advantages as indicated in Table I. 

The new line would remain below the elevation of 
heaviest snowfall and would traverse, a route less 
subject to drifts and slides than was the old route. 
Also a relocation of the line between Winton and 
Feshastin had been surveyed which would (1) avoid 
some troublesome line in the Tumwater Canyon; 
(2) reduce the maximum grade from 2.2 per cent to 
1,6 per cent, the maximum curve from 10 ° to 3 °, and 
the total curvature 1,286°; and (3) shorten the line 
about l 1 /* miles. 

With these revisions of line in view and with a 
further definite decision to electrify th*e entire line 
between Skykomish and Wenatchee and to leave off 
the steam locomotives between these points, the 
character of the service was so changed as to make it 
desirable to consider some revision in the additional 
motive power required. Between Merritt and Wen¬ 
atchee over the new route, a distanced 42 miles, the 
line would permit speeds of 50 mph safely, whereas 
the line between Skykomish and Cascade*Tunnel did 
not permit speeds in excess of 30 to 35 mph; the new 
locomotives (class 1 — D — 1 + 1 — D — 1) had 
been designed accordingly with a maximum safe 
speed of 40 mph. With only 73 route miles electri-, 
fied requiring so few locomotives, it was desirable to 
have all locomotives interchangeable between pas¬ 
senger and freight service and that any locomotive bt 
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Tractive Effort Lb. 

Fig. 3. Characteristic motoring curves of *the 
1 — C + C — 1 10,500-volt 25-cycle locomotive 


operatable in the same train with any ftthpr locomo¬ 
tive. Regular passenger trains operated over the 
line varied from 8 to 12 cars, aggregating from 700 to 
1,000 trailing tons; freight trains ordinarily would 
range between 2,500 and 4,000 tons trailing. Grades 
range from 0.2 to 2.2 per cent, the average up grade 
for the line being approximately 1.29 per cent (see 
Fig. 2). 

New Locomotives Designed * 

To meet these new conditions, a new locomotive 
known as class 1 — C + C ■— 1 was proposed, per¬ 
tinent data for which are given in Table II in com¬ 
parison with the double unit locomotive (class 
1 t- D — 1 + 1 — D — 1) for the extension from 
Cascade Tunnel to Skykomish. 

Class 1 — C + C — 1 locomotives, designed par¬ 
ticularly for mixed service over the new line, will 
handle a 1,000-ton trailing train at 18.5 mph on 
the 2.2 per cent grade and up to about 45 mph on the 
, 0.2 per cent, averaging over the entire up grade por¬ 
tion about 28.6 mph, the average output *of the 
motors being approximately 2,100 kw and the rated 
load factor, 84 per cent. On the down grades the 
speed is limited to a maximum of 50 mph. Re¬ 
generative features of the locomotive provide satis¬ 
factory control of the speed on the varying down 
grades to meet any conditions imposed by curvature, 
trade conditions, or schedule requirements. Figs. 3 
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Heavy eifrvee are ratehit, first figure representing 
.braking handle natch and the -figure in parentheses 
the main handle natch. The top 16 curves shew braking 
range for 24®- or highest speed position of main handle.' 
p- or each other main handle notch a similar family of 
curves is available. The heaviest braking curve for 
each of these seta (16*0 broking' handle notch) is shown 
belose 


Light A.f\_ Curves show amps, per motor field 
Light “A.A." Curves shew amps, per mo'tor armature 
Continuous Rating 550 amps, per motor . 

!♦) jJVOi-M.h. notch curves ajre cut off at 2*1 Ratio of aJL/KF. 



Pounds Braking effort per Loco. 


Fig. 4.* Characteristic braking curves of the 
1 — C + C — 1 10,500-volt 25-cycle locomotive 

and 4 give, respectively, the motoring and braking 
characteristics of this locomotive. 

Of the k -*D + D - 1 locomotives 2 were placed 
in the Skykomish-Cascade tunnel service in March 
1927, 2 in the fall of 1928, and 1 early in 1929. The 5 
locomotives of this class thus have been in service for 
the equivalent of about 23 locomotive years. Two 
of the 1 — C + £ — 1 locomotives were placed in the 
Skykomish-Cascade tunnel service in September 
1927, 2 others a year later and 4 were ordered in 
October 1929, 9 months after the complete electri¬ 
fication had been placed in operation. These loco¬ 
motives now have been in service about 2 years so 
that the 8 units of this class have been in service the 
equivalent of 25 locomotive years. 

Of this grand total of 48 locomotive years, approxi¬ 
mately 9 years were in the service between Skykotnish 
and Cascade Tunnel as originally planned. This ser- 
vice consisted of helping the regular steam locomotive 
up the 2.2 per cent grade to the entrance of the tunnel, 
through which the grade was reduced to 1.695 per 

cent, making it possible to shut off the steam while in 
the tunnel. 

o trains, ranging from 

2,500 to 3,500 tons trailing, were brought to Sky-* 
komish by 2 steam locomotives. There, the rear 
steam locomotive was dropped off and replaced by 2 
1 ° como ? :ive t s » one. ahead of the steam road 
d ° n ? m the rear of traun*- In the begin- 
locomotive was put at the extreme ends 
. trams, but later it was found to be safer to 
place the rear unit about half to two-thirds back in 


the length of the train to prevent possible buckling T of 
the train at some weak spot. These heavy freight 
trains were taken from Skykomish to Cascade tunnel, 
25 miles, in l 3 / 4 hours whereas with steam operation 
from 4 to 5 hours r usually were required. On pas¬ 
senger trains, one' electric locomotive was placed 
ahead of the steam locomotive to help propel the 
train, in accordance with requirements, to the en¬ 
trance of the tunnel through which the electric loco¬ 
motive hauled the train and engine unaided. This 
operation vfes begun in March 1927 and continued 
* until the opening of the new tunnel January 12,1929. 

Wenatchee being a division point, all engines and 
crews of both passenger and freight trains are 
changed on arrival there. On arrival of all trains at 
Skykomish from the west, the engine crews shift from 
the steam locomotives to the electric and continue the 
trip to Wenatchee; all westbound engine crews 
similarly transfer from the electric to the steam loco¬ 
motives and continue to Seattle. 

Early Operating Troubles in New Tunnel 

The first 10 days of electrical operation over the 
new route through the new tunnel was without serious 
incident. On 2 occasions before the opening of the 
tunnel, there had been instances of arcing to ground 
from terminals of current transformers while loco¬ 
motives were standing inside the new tunnel near 
the east portal. However, no serious damage 
resulted. 

On one occasion in the old tunnel a transformer had 

• been lost and an arcover at current transformer .ter¬ 
minals on 2 locomotives had occurred in zero weather 
during the first winter after electrical operation be¬ 
gan there. A frequency changer set used in con¬ 
nection with the work on the new tunnel had burned 
out and other disturbances on the line had occurred 
on the same day, so it was thought these troubles 
were due to .surges. Additional insulation was in¬ 
stalled on the terminals and transformers where the 
trouble seemed to have originated and no further 
trouble occurred. Therefore when arcovers began 
to occur in the new tunnel, steps were taken imme¬ 
diately to have 3 surge recorders placed on the trolley 
circuit, one at each end of the tunnel and one midway 
between. A fourth recorder was placed on a loco¬ 
motive running over the entire line. These had just 
been installed when sub-zero weather arrived and 
more senous*troubles began. 

Within less than a week 4 locomotive transformers 
burned out and several arcovers occurred from 
terminals of current transformers to ground. In 
every instance, these troubles occurred on a loco? 
motive attached to a freight train westbound through 
the tunnel. No trouble was experienced on loco¬ 
motives hauling passenger trains nor on locomotives 
eastbound hauling freight trains. The loss of 4 out 
of a total of 14 main transformers within a week was 
alarming and even seriously threatened the possibility 

4 of continuing to handle all of the traffic over the line 

# electrically. , 

The surge recorders were left on the circuit from 
3 to 4 weeks, during which time there! were arcovers 
and burnouts of transformers. A careful fr aming . 
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tion of all the records, however, failed to indicate that 
there had been any surges registered higher than 
about 2 tiroes normal voltage. This being well 
within the limits ordinarily expected from necessary 
switching operations, surges wege eliminated from 
responsibility for the trouble. 

Troubles Due to Condensation 


proper ventilation of the apparatus when the louvers 
were closed, dampers were placed in the outlets^ for 
the air from the apparatus to direct the air back into 
the locomotive for recirculation through the appara¬ 
tus, thus replacing the moisture-bearing air from the 
outside. 

3 4 j) 

Trouble Cured by (Closing Ventilating Louvers 


When the temperature outside the % tunnel was 
below freezing, some signs of condensation Had been 
noted on the outside of the locomotive cab and on the * 
inside near the air intakes.’ This condensation in¬ 
creased as the temperature outside approached zero. 
The east end of the new tunnel is at about 634 ft 
greater elevation than the west end and this, together 
with the piston action of the moving trains, afforded 
satisfactory ventilation ordinarily, but it was found 
that the temperature of the air in the tunnel near the 
middle varied only between 50 and 65 deg F irrespec¬ 
tive of the outside temperature (see Fig. 5). Since 
the draft was toward the east portal, the rise in tem¬ 
perature entering the tunnel from that end was much 
more rapid than from the west end. To add to the 
difficulties, the outside temperature on the east side 
of the mountain usually was lower than on the west 
side. 

A locomotive starting from Wenatchee with normal 
ventilation, when the outside temperature was below 
zero, would show little rise in temperature by the time 
it had reached the east portal of the tunnel so that 
immediately after entering the tunnel-and encounter¬ 
ing the much warmer air, frost began to collect on the 
outside of the cab and truck; within 2 or 3 minutes, 
the locomotive was coated thickly with frost crystals, 
the accumulation of which continued until the loco¬ 
motive began to warm up when this frost would be¬ 
come liquid and begin to drop off. The same action 
took place inside the locomotive but to a lesser extent. 

At times, when the moisture preeipitation was 
greatest, corona was observed on the 11-kv circuit, 
particularly at taped joints and terminals. It was 
no doubt the corona at the surface of the heavily 
taped terminals connecting the current transformers 
on the 11-kv circuit to the primary of the locomotive 
transformer that caused the arcovers to ’ground at 
this point. 

The moisture condition was aggravated by the 
large volume of air drawn into the locomotive by the 
blowers.for cooling the electrical equipment. The 
outside temperature east of the tunnel varies from 
around 100 deg F in summer to 15 deg below zero 
during winter, making it necessary to supply as 
•much as 40,000 cu ft of air per minute during the 
hottest weather. 

Experiences, with other locomotive^ requiring much 
less ventilating air had indicated conclusively that 
during rain or snow storms dangerous quantities of 
moisture would be carried inside the locomotives, by 
this large volume of air. To protect the electrical 
equipment from this danger the louvers for the 
1 — C — C — 1 locomotives had been provided a X 
the factory yrith adjustable shutters by means, of 
which the* openings for air intake could be varied 
from fully open to fully closed. In order to instfre 
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While it had not been foreseen that there would be 
so great a variation between the temperature outside 
and inside the tunnel as to cause serious trouble, 
these provisions for closing the louvers and recircu¬ 
lating the inside air were readily applicable to over¬ 
coming this unexpected danger. By ’closing the 
louvers and adjusting the dampers at the beginning of 
a trip the air inside the locomotive was raised easily 
to a temperature so nearly approaching that df the 
air inside the tunnel as to prevent any harmful 
precipitation of moisture. When weather conditions 
are such as to require the closing of the, louvers the 
temperature outside is never at a maximum so that 
recirculation of the inside air does not cause excessive 
heating of the apparatus. 

Since operation with closed louvers was begun, the 
electric locomotives have operated through 3 winters 
.without any trouble from condensation. Moreover, 
this trouble from condensation is the only serious 
difficulty that has been experienced in the operation 
of the electrified line. 

Cost Data and Comparis<5ns * 

Motor-generator locomotives are well adapted to * ^ 

service where the freight trains may vary from 2,500 

* 

• . 


Table II—Comparison Between the 2 Types of 
Motor-Generator Locomotives in Use 


Classification... 

1-C + C-l ... 

1 —Drl+1— D — 1 

Total weight, lb. 

539,000 ... 

715,400 

"Weight on drivers, lb. 

426,200 ..? 

550,000 

No. of driving axles. 

6 ... 

8 

Weight per driving axle, lb. 

71,030 ... 

68,750 

Weight on guiding axles, lb. 

112,800 ... 

165,400 

Weight per guiding axle, lb. 

56,400 ... 

41,350 

Length over couplers. 

73 ft. 9 in. ... 

94 ft. 4 in. 

Total wheel base. 

58 ft. 8 in. ... 

78 ft. 11 ?n. 

Rigid wheel base.. 

16 ft. 4 in. ... 

16 ft. 9 in. 

Height, pantograph down. 

15 ft. 3 in. ... 

16 ft. 10 in. 

No. traction motors. 

6 ... 

8 

Tractive effort continuousrating, lb. 

60,500 ... 

88,500 

Tractive effort 30% adhesion, lb.... 

127,860 ... 

165,000 

Speed at continuous rating, mph... 

18.6... 

15.5 

Maxjpium safe speed, mph. 

50 ... 

40 

No. ordered...... 

8 ... 

5 

Transformer, secondary volts. 

2,300 .. / 

1,100 




















to 5,000 tons trailing acid where it is desirable to linnt 
the maximum power demand to the most economical 
point. However, the first cost of this locomotive and 
ita weight per horsepower is apt to be greater and its 
over-all efficiency somewhat less than of other types. 
r The maintenance cost of these locomotives during the 
' 3 years 1928-30 has been 28.66 cents per locomotive 
mile, or 13.6-5 cents P er 100 'tons on drivers - & 
comparison of'these costs with those of 3 other elec¬ 
trified roads using locomotives in similar service with 
regenerative braking on heavy grades is as follows: 


* 

Locomotive 

Miles 

Per Loco¬ 
motive Mile 

Per 100 Tons 
on Drivers 

• 

Chicago, Milwaukee, St. P. & P... 

Norfolk & Western. 

Virginia. 

.. .7,939,539.. 
...1,520,608.. 
1 RR9. R74. 

_14.20c.. 

....46.82 .. 
48.49 . . 

.. . 6.92c 
. ..17.60 
.. .12.26 

Great Northern. 

037 AQ9 

2 R ftfi 

.. .13.65 

----- *_ 


A direct comparison of operating expenses between 
steam and electric operation is impossible for the 
reason that the route now being operated electrically 
never has been operated by steam. Furthermore, 
thC'shortening of the route and the reduction of eleva¬ 
tion by the new tunnel have had important parts in 
reducing the operating expenses. 

However, early in 1920, a study of the old line was 
made with a view to electrification. In this study 
operating data and costs were carefully prepared 
covering 12 months ending September 30, 1919 for 
steam operation between Skykomish and Wenatchee 
. through the old tunnel. These data are still avail¬ 


able for comparison with corresponding costs cover¬ 
ing the year 1929, with electrical operation over the 
new line. Table III shows a comparison of those 
items of operating expense vitally affected by elec¬ 
trical operation for £he 2 years mentioned. 

The total cost of the improvements involved in 
building the new line and the electrification was, in 
round numbers, $25,500,000 made up as follows: 


7.79 miles tunnel complete.$14,000,000 

17.0 miles new track. 5,000,000 

73 mileselectrification. 6,500,000 


Segregated costs of the electrification were approxi¬ 
mately as shown in Table IV. 

In reviewing the study made in 1920 relative to the 
electrification of the old line for comparison with the 
present electrification, it was interesting to find an 
estimate of the cost of the proposed electrification of 
80 miles of line between Leavenworth and Gold Bar 
through the old tunnel and which would require the 
same electrical equipment as the present electrifica¬ 
tion. The estimated cost of the complete electrifica¬ 
tion at that time was $6,463,750, or $80,800 per route 
mile; of this amount, $3,250,000 or 50.28 per cent, 
was for electric locomotives. Savings fronT electrical 

r 

Table JV Itemized Cost of the Skykomish-Wenatchee 

Electrification* 


Per Cent of Total 
LesB With 

• Per Route Loco- Loco- 

Amount Mile motives motives 


Table Ill-^-CsmiSarison of Steam and Electric Operating Costs 


Difference 


Steam Electric Amount % of Steam 


Route miles. 

Locomotive miles.• .. 

1,000 ton miles. 

Train miles. 

Costs— 

Enginemen.$ 

Trainmen. 

Fuel of power. 

Locomotive repairs. 

Enginehouse. 

Lubricants.. 

Supplies. 

Water.. 

Substations. 

Distribution. 


80. 

767.151. 

485,000. 

607.000. 

276.597.. 

175.819.. 

659.850.. 

243.114.. 
67,260.. 

3.325.. 

3.414.. 

1.308.. 

5.543.. 

3.411.. 


73... 

406.910.. . 

408.108.. . 

292.930.. . 

$ 80,049... 

77.413.. . 

289.298.. . 
109,085... 

22.885.. . 

5.525.. . 

1.643.. . 

5,995!!! 

41,917. 


7. 

. 360,241. 
- 76,892. 

. 314,070. 

.$198,548. 
.. 08,406. 

.. 390,552. 
.. 134,029. 
•• 44,375. 

.. + 2 , 200 . 
1,771. 
1,308. 
• • +462. 

-.+38,506. 


T otal . ..$1,439,841. 

Avg. cost per 1,000 ton miles. 2 

Avg. cost per train mite.. 2 

Avg. tons per train, freight.......! 1,8® 

Avg. tons per train, passenger. 494 

Avg. road time, freight... 13 

Avg. road time, passenger. 4 

Avg. mph, freight. 6 

Avg, mph, passenger. 19 


. 8.8 
. 47.0 
. 15.8 

. 51.7 

. 71.0 
. 56.0 
. 59.2 
. 55.1 
. 66.0 
. 66.2 
. 51.9 

. 100.0 
. 8.2 
.II25.9 


.$613,810-$825,831. 


968 

372 


1.504. 
2.095. 
3,021 
568 
5.5 . 

2.8 . 
12.9 . 
25.5 


1.464 
0.277 
1,189 
74 

7.9 
1.3 

6.9 . 
.1 


. 57.3 
. 49.3 
. 11.7 
. 60.5 
. 15 .*0 
. 59.0 
. 31.7 
.115.0 
31.4 


Proportioned Between Freight ane Passenger Service 


Steam 


Electric 


FrCight - p *saenger Freight Passenger 


Locomotive miles. . 466,428 - 300,723 

Tram miles. . 207,286 . 399 ' 

1,000 ton miles....... 390,000. " gs’ooo*' 

Total cost, items affected... .$1,067,641... .$372 000''' 


199,806. 

98,478. 

297,550. 

$391,810. 


• 207,104 

• 194,452 

• UQ.558 

$222,000 
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Substations, etc.$1,062,611. 

Trarifemission system... 

Power distribution. 

Poles and fixtures. 

Telephone and telegraph changes.. 


..$1,062,611. 

.$14,556. 

. 33.63 

.. 531,967. 

. 7,287. 

. 16.79 

.. 388,040. 

. 5,042. 

. 11.56 

.. 567,265. 

. 7,771. 

. 17.81 

s.. 167,440. 

. 2.157. 

. 4.94 

.. 165,970. 

. 2,136. 

. 4.90 

.. 138,357. 

. 1,805. 

. 4.34 

.. 203,512. 

. 2,788. 

. 6.39 

..$3,185,162. 

$43,632. 

.100.00 

..$3,368,338. 

.$46,141. 


. .$6,553,500. 

.$89,773. 



. 16.21 
. 8.12 
. 5.62 
. 8.66 
. 2.40 
. 2.38 

. 2.11 
. 3.10 
. 48.60 
. 51.40 
.100.00 


for 14 mi,es of eiectrmed une *»*• 

operation estimated for items affected were $639,703. 

While Et large portion of the savings shown in 
Table III favorable to electrical operation is due to 
the new tunnel, this improvement would not have 
been practical without electrical operation. The 
decision to build the tunnel was reached only after a 
careful report had been prepared which indicated 
that mterest on the capital charge would be covered 
easily by die saving in like charges for new snow shed 
construction and in maintenance charges for these' 
sheds in the future, thus putting the investment for 
the ney tunnel oh a self-supporting basis. 

, Saving in operating expense shown in Table III is 
equal to 12.63 per cent on the gross cost of the electri¬ 
fication which, together with the shortened time and 
other improvements in the service, makes the electri¬ 
fication a favorable investment with a normal volume 
& traffic. The electrical equipment is easily capable 
of handling an increase of 50 per tent in the freight 
traffic and with such an increase, the, saving in 
operating expenses would be in about the sane pro- 
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portion, making the return on the gross investment 
for electrification approximately 18 per cent. 

Capacity of this portion of the line which, with a 
congestion o? traffic, undoubtedly would become the 
bottle neck of the system with steam operation has 
been increased 100 per cent as is indicated by the 
records. These records show that whereas with 
steam operation in 1920, 3 steam locomotives aver- 


aged approximately 6 hours to lake a 2,250-ton train 
the 24.3 miles from Skykomish to the old summit, in 
1929 2 electric locomotives averaged about iy 2 hours 
to take a 5,000-ton train the 21.2 miles from Sky¬ 
komish to the new summit. In ton miles per train * 
hour, this is 70,666 for the electric as against 9,112 for -* 
steajp, a ratio of 7.7 to 1 in favor of electrical opera-* . 
tion * 9 !; 


Distribution System Lightning Protection; 

* 

Interconnection of Primary Arrester Ground and Secondary Neutral 


Although distribution transformers have 
, high impulse strength compared to their 
normal voltage ratings, they still flash over 
and fail in service even when protected by 
arresters. Interconnecting the ground lead 
of the primary arrester with the transformer 
secondary neutral limits the voltage across 
the transformer insulation to that’permitted 
by the arrester alone, and introduces no 
additional hazard on the low voltage • 
circuit where secondary neutral ground 
resistances are low. This is the first group 
of articles dealing with the subject of pro¬ 
tecting distribution systems from lightning; 
articles dealing with other phases of the 
problem will appear subsequently in 

ELECTRICAL ENGINEERING. 

Lightning SURGES in ordinary 

urban distribution circuits manifest thSmselves in a 
manner ’somewhat different from that of those 
occurring on high voltage transmission lines. In the 
distribution circuit the arrester spacing usually is 
.such that the distance traveled by the voltage wave 
will be short, the crest voltage appearing on the line 
will be limited, and the surge will manifest itself as 
current through one or more arresters. The current 
wave, both as regards magnitude and shape, is 
determined largely by the lightning stroke and but 
little by the characteristics of the distribution cir¬ 
cuits. On rural lines the exposure between arresters 
is much greater, so that in addition to surges originate 
ing near the arrester there are surges arriving over a 
length of Ijne. Crest voltages of these surges are 
limited by the line insulation. • 

September 1932 * 


Experience has shown that although failures of 
distribution transformers and the blowing of fuses 
during lightning storms are reduced greatly by £he 
application of lightning arresters, the record of 
protection is not so good as the strength of the 
transformer and performance data of the arrester 
would indicate it should be. In general, the ratio 
between the strength of the transformer insulation 
and the voltage allowed by the arrester is ijot far 
from 4 to 1. With such a large margin, failures of 
transformers or fuse blowing due to lightning should . 
be practically eliminated except in the case of a direct » 
stroke at the transformer location, a ^relatively in¬ 
frequent source of trouble. • • 

Protection now commonly employed for distri¬ 
bution transformers provides for phase and neutral 
arresters on the primary side of the transformer. 
With few exceptions these arresters £re connected to 
a common ground lead which in turn is connected to . 
a driven ground rod at the base of the pole. This 
arrangement is based upon the supposition that 
lightning surges entering over the primary conductors 
would pass to ground, and that the arrester would 
hold the primary winding to a potential equal to the 
arrester discharge voltage. Unhappily, this condi¬ 
tion does not hold in practice because arrester ground 
resistances are not zero, but may be as high as several 
• hundred ohms. Furthermore, the exposure of secon- . 
dary circuits in urban districts may exceed by far 
the exposure of primary circuits there; hence 
ligh tnin g surges frequently enter on the secondary 
conductors when primary arresters connected in ac¬ 
cordance with present practise are not in position 
to be of service. 

From the foregoing it is clear that several* factors 
may prevent the primary arresters from properly 
protecting the distribution circuits. Connecting the 
arrester ground to the. grqunded secondary neutral, 
however, appears to eliminate many of the disturbing 
factors. With such a connection the voltage be¬ 
tween the transformer windings under impulse 
conditions will not exceed the potential allowed by 
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the arrester; this potential is low enough for trans¬ 
former failures from bushing flashovers to be prac¬ 
tically eliminated. With this idea in mind several 
investigations have been conducted in various parts 
of the country; 3 of these are covered in the following 
» 3 articles. The first, by Opsahl, Brooks, and South- 
. «gate, includes a theoretical study and laboratory 
tests made ip determine the effectiveness of inter¬ 
connecting in, different ways the primary arrester 
ground and the secondary neutral. The second 
article, by Harding and Sprague, covers tests made 
on an experimental line built in accordance with 
standard construction practise of the Common¬ 
wealth Edison Company of Chicago. The third 
article, by- McEachron and Saxon, describes tests 
made on an actual distribution line built to serve a 
small rural community in central New York. 

_ From the investigations conducted, the informa¬ 
tion presented in these articles indicates that much 
greater protection to distribution transformers is 
effected through interconnecting the primary arrester 
ground with the grounded secondary neutral than 
through present protection schemes. Further, it is 
shown that this interconnection introduces no 
additional hazard in the low voltage circuit except 
where the secondary neutral ground resistance is 
high. 


r 

I—Theoretical Studies 
and Laboratory Tests 



Time 


A B 

r Fig. 1. Lightning surge voltage across the bushings 
of a distribution transformer protected in accord¬ 
ance with present practise 

« 

ponents: the IR drop across the ground, the induc¬ 
tive drop across the ground lead, and the voltage 
across the arrester. The IR drop across the ground 
is proportional to the current in the surge, while the 
drop across the lead is proportional to the rate of 
rise of current. For anticipated surge currents the 
voltage across the ground alone can exceed the volt¬ 
age across the arrester, unless the ground resistance 
is very low. 

With present methods of installation, voltages 
appearing across the primary bushings often are 
great enough to cause flashovers; the completed path 
for the surge current to ground usually is over the 
secondary bushings. The usual sequence of events 
during a flashover and the voltages which occur are 
showii in Fig. 2. ‘ Primary bushing flashover takes 
place at a time ti, and secondary bushing flashover 
almost simultaneously at a time t 2 . if "the trans¬ 
former be connected to the power circuit the flashover 
path will cany the power arc until the primary fuse 
opens the circuit. In service this is the path pver 
which the arc burns usually are found. Under these 
conditions both the surge current and the power 
follow current flow through the secondary neutral 
ground, but operating experience indicates no serious 
trouble on the customer’s property. 


By 

A. fvl. OPSAHL 

ASSOCIATE A.I.E.E. 

A. S. BROOKES 

ASSOCIATE A.I.E.E. 

R. N. SOUTHGATE 

ASSOCIATE A.I.E.E. 


Westlnghouse Elec. & 
Mfg. Co., E. Pittsburgh, Pa. 


Both oF 
Pub. Serv. Elec. St 
Gas Co., Newark, N. J. 
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■ESTS show that when a surge is 
applied to the primary df a distribution transformer 
that has a secondary ground, the isolated case will 
assume a low electrostatic potential above ground so 
that about from 80 to 95 per cent of the surge voltage 
will appear from primary lead to case. For sim¬ 
plicity-in the considerations that follow, it will be’ 
assumed that the case potential under these condi¬ 
tions is the same as that of the secondary neutral. 

Potential across a transformer when a surge is 
applied, as shown in Fig. 1, is the total of 3 com- 

Based upon "Lightning Protection for Distribution Transformers" (No. 32 - 18 ) 
1932 entCd ^ the A1 * E ' E - winter convention, New York, N. Y„ Jan.’,35-29, 


Interconnection of Primary Arrester 

Ground and Secondary Neutral 

By interconnecting at the transformer the arrester 
ground and the transformer secondary neutral, the 
potential difference across the primary bushings of 
the transformer will be limited to the voltage per¬ 
mitted by the arrester alone during a discharge, in 
accordance with the prior assumption that the 
secondary neutral and case remain at the s ame po¬ 
tential. ^ In r Fig. 3 is shown the effect of this inter¬ 
connection where the assumed secondary neutral 
impedance to ground is small. Whether this secon- 
aary impedance be low or high, the potential across 
the primary bushing will not be greater than that 
permitted by the arrester alone, Under these condi- 
transformer will not flash over and there 
will be no power current flowing from the primary 
circuit intQ the secondary neutral. Whatever im¬ 
pedance drop there is from the surge current flowing 
ur the secondary neutral of course, will appear as 
voltage in that circuit. 

r If a solid connection is not permissible between the 
secondary neutral and the ground te rminal of the 
primary arrester, a gap or valve arrqgter of low 
voltage rating may be. placed in the interconnection 
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as «hown in Fig. 4a. This arrester will begin passing 
current when the voltage across the ground lead 
becomes great enough to discharge the arrester. 
In this case the voltage across the primary bushing 
is the sum of the voltages appearing across the pri¬ 
mary and interconnecting arresters as shown in 
Fig. 4b. This connection will isolate effectively the 
arrester ground and the secondary neutral, as there 
is no potential difference between them except during 
a surge discharge. 

A second method of obtaining the improved pro- 
M tection afforded by the interconnection without 
connecting a solid conductor between the arrester 
ground and the secondary neutral, is that shown in 
Fig. 5. Where the effective leakage reactance 
between the 2 halves of the secondary winding is 


to ground. This condition is less serious than per¬ 
mitting a power fault in the secondary circuit, but 
the resistance of both grounds should be made as low 
as possible so that the surge IR drop may be low.^ 

The ungrounded secondary is not common practise 
in distribution circuits; where it is used, a surge on m 
the transformer primary will give the secondary, # 
circuit a potential above ground and the smaller the 
capacity of the secondary to ground! the greater 
will be its potential. Obviously an interconnection 
of a poor primary ground with the free secondary 
will not lower the voltage across the arrester ground 
appreciably, and flashovers from secondary to 
ground would be expected. 

* 

Tests on a Typical Distribution Circuit 
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Fig. 2. Voltage-time relation as a flashover occurs 
on a distribution transformer from a surge applied to 

the primary 



Fig. 3. Voltage across transformer bushings with 
primary arrester ground lead interconnected to 


secondary neutral; surge applied to primary 


To determine the magnitude of the effects required 
to cause flashovers similar to those that have oc¬ 
curred in service, a program of tests was carried 
through. A diagram of the test circuit is shown in 
Fig. 6. The distribution transformer shown was 
mounted on a 35-ft pole. A ground lead was pro¬ 
vided down the pole and in order to obtain low 
ground resistance, 2 ground rods were driven at the 
foot of the pole. The secondary wires were racked 
for about 140 ft. From the transformer pole and 
from the end of the secondary rack triplex services 
were run to a point on the ground where the neutral 
wires were solidly grounded. One wire of each 
triplex service was left open, as indicated in Fig. 0 
by “open service.” One seiyice wire and the neutral 
from each service were connected to a 100-ft section 
of 2-conductor metal-armored BX cable, both ends . 
of the armor being grounded. The 2 sections of * 
BX cable were connected to the sam^ 2 secondary 
wires. * • 

In the tests as made, flashovers were necessary in 
order to simulate conditions that obtain in practise. 


small, the surge current in flowing as indicated will 
result in a low voltage across the winding as the 
magnetic effects of the 2 currents are in opposition. 

This circuit was proposed by C. B. Wright of the 
Duquesne Light Company (Pittsburgh, Pa.) and has 
shown very promising results in laboratory tests. 

At present the safety code in most localities forbids 
the interconnection of the primary arrester and the 
secondary neutral grounds. This regulation was 
made in recognition of the fact that when a surge 
current flows through a ground a surge. voltage 
appears across it. The driven grounds which were' 
’assumed when the regulation was adopted usually 
have a much higher resistance than, the water pipe 
grounds ordinarily used at the present time. • 

Limitations of the Interconnection 


Where both primary arrester and secondary 
neutral grounds are driven grounds, as in the case of 
a rural customer, the interconnection can prevent? 
flashover across the transformer insulation, but an 




Fig. 4. Surge voltages across transformer bushings 
jvith primary arrester ground connected to secondary 
neutral through low voltage arrester; surge applied 


to primary 



Fig. 5. Primary arrester ground connected to trans¬ 
former secondary leads through secondary arresters; 
• surge applied to primary 
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Fig. *6. Schematic diagram of test circuit. 

C.R.O. denotes cathode ray oscillograph 0pen ~fjj 
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To secure consistent flashovers, gaps were placed 
around the primary and secondary bushings as 
shown in Fig. 21. A 500-ohm resistor was connected 
between the primary neutral and ground to simulate 
the effect of an uncharged conductor. # 

Arresters used in these tests were 3-kv auto- 
valve arresters of the disk and mica spacer type. 
This type of arrester was selected rather than the 
porous block type because many of them are in service 
and b£?ause the tests were laid out to duplicate service 
. conditions as closely as possible. Upon test, this type 
of arrester was found to have a maximum crest voltage 
of 15 kv across its terminals during a surge discharge 
of 800 gmp. * & 

Most of the oscillograms have been replotted to 
lae same scale to show more readily the relative 
‘ voltage-time values; a few of these are shown in 
Figs. 7 to *12, inclusive. Crest voltages measured at 
certain points for the various circuit connections and 
for each of the 2 types of impulse wave used are 
given in Table I. 

Voltages at the transformer were measured by 
a cathode ray oscillograph connected to a 
l ,U/ 0 -ohm resistance potentiometer through a delay 
cable. Voltages at the secondary service terminals 
were measured by a 5,100-ohm resistance potentiom- 

e l er - T3 ^f se potentiometers of course have some 
effect on the surge voltages. • 

Effect of the Ground JLead on Protection 

_ effect of the inductance of the arrester 

gr. nd lead on the voltage appearing across the 

2 f ateS 0fcun ? nt ^ were selected. 
LT a * • ate of current rise was produced bv * 

Se°drcuif o^th^ 00 -microhenry inductance into 
me circuit of the surge generator (Fig. 6). The 

• e S p . ront rose to a maximum of 1,200 amp 

900 ^ r ° se ^ nd . s » wllile the slow front surge rose to 
900 amp m 9 microseconds. Successive test surer* 

t0 be practicaU y identic! **** ■ 
With the surge generator set to give a current 
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Fig. 7. Vpltages measured in circuit of Fig. 6 with 
steep front surge of reduced magnitude 

The gaps may have flashed accidentally during the oscillo¬ 
graphic measurement of the voltage across the arrester lead 
plus ground, since the lack of sustained voltage seems incom- 
P*S b 'F w * 3'vjn values of current and srlund raslsta °ce, 
and also because the difference between the arrester-plus- 
* 5nd arrester-lead-plus-ground voltages is greater 
than the arrester voltage, 15 kv. This curve is almost identical 
with the corresponding curve in Fig. 9 

wave of fast, front and a crest of slightly less th an 
1,^00 amp in order to prevent flashovef of the 
transformer gaps, the oscillograms shown in Fig. 7 

nlS’ 6, t ? en ”. are plotted oscillograms 

obtained using the slow front surge with no gap 

flashovers and with standard connections. Crest 
voltages for these tests are listed in Table I. These 
, es , s ^kcate that after an initial disturbance 
determinedly the surge impedance of the ground 
lead, the voltage across the ground lead is determined 
by the lead inductance and the rate of ch ange of 
current. The initial disturbance is due in part to 
the type of surge circuit used. 

• At the 1,200-amp surge generator setting the 
transformer gaps flashed over at 50 kv from line to 
ground; in Fig. 9 are plotted voltage oscillograms so 
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obtained. As before, the crest voltages are listed in 
Table I. The voltage across open service No. 2 was 
33 kv compared to 24 kv across BX No. 2, showing 
the attenuating effect of the BX cable on the surge. 

Tests With Arrester Ground » 

and Secondary Neutral Interconnected 

In Fig. 10'are plotted oscillograms taken when* the 
arrester ground terminal and secondary neutral were 
interconnected. No gap flashovers took place. As 
may be seen, the - difference in potential between the 
phase lead and the secondary neutral does not exceed 


15 kv, the voltage permitted by the arrester* alone. 
A comparison of columns 3 and»4 of Table I indicates 
that the crest secondary voltages are about the same 
with the interconnection as they are during a flash- 
over of the transformer gaps without the inter¬ 
connection. 

The extreme case of high arrester ground resistance 
is that of no ground at all. Obviously with no 
gfound the arrester * could not discharge and any 
surge above 50-kv. crest would flash over the trans¬ 
former gaps. Under such conditions, protection 
for the transformer can be obtained by connecting 
the arrester ground terminal to the secondary neu- 
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Surge voltages 
measured in the 
circuit of Fig. 6. 

A Fig. 8 A and B. 
(Left) Slow front 
surge with 
transformer gap 
flashovers 

Fig. 10. (Right) 
Steep front surge 
With arr'ester 
b ground and 
secondary neutral 
interconnected; 
no transformer 
gap flashovers 

Fig.* 9 A and B. 
(Left) Steep front 
surge with trans¬ 
former gaps flash¬ 
ing over 

Fig. 11. (Right) 
Steep front surge 
with primary 
arresters not 
grounded at the 
transformer but 
connected to 
secondary neutral 
only; no trans¬ 
former gap flash¬ 
overs 

• • 

Fig. 12. (Right) 
Slow front surge' 
jwith primary 
arresters not 
grounded at the 
transformer but 
c o n n e c t e d to 
secondaryneutral; 
no transformer 
gap flashovers 
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Tabic I—Crest Voltage Measurements 


Steep Front Surge 


Slow Front Surge 


Column 1 


Point of Voltage 
Measurement’)' 


Standard Connection 


Gaps Not Flashing Gaps Flashing 


Arr. Ground and 
Secondary Neutral 
Interconnected 
_It_ 


Arrester Ground 
to Secondary 
Neutral Only 


Standard 
Connection 
Gaps Not Flashing 


Arrester Ground 
to Secondary 
Neutral Only 


Arrester plus ground... 
Arrester ground lead... 

-+41 kv. 

_+28. 

.+50 kv. 

.+36. 


...*.+62 kv. 

.+21 kv.. 

, 4-12 

Trans, sec. neutral. 


.+20. 

.+28. 

.... +43 


Open Service No. 1. 

...+ 3. 

.+25. 

.+20. 

....+35.. 

....+ 3 

BX No. 1. 

....- 3. 

.+12. 

.+16. 

....+23*. 

.... - 4_ 

Open Service No. 2. 

...+ 3. 

.+33. 

.+34.. 

.... +56. 

....+ 4 

BX No. g . 

_- 3. 

.+24. 

.+18... 

. . .+35. . 

. T . — ft 

Oscillograms plotted... 

.. .Fig. 7. 

.Fig. 9. 

.Fig. 10. 

...Fig. 11. 

.. .Fig. 8.. . » 


+21 kv. 


.+ 8 . 


* All voltage measurements were made by resistance potentiometers and cathode ray oscillographs. 


Arrester 
Grounded 
as in Fig. 5 


... +21 kv. 
r 


+ 14 
+ 19 


• 

tral. To investigate this the circuit of Fig. 6 was 
modified by connecting the ground terminals of the 
primary arresters to the secondary neutral only. 
Under such conditions the full surge current flows to 
ground through the transformer secondary neutral 
wire. FigSr. 11 and 12, respectively, show the voltages 
measufed with steep front and slow front surges. 
In neither case did the transformer gaps flash over, 
as the voltage across the transformer bushings was 
limited by the arrester to about 15 kv. The maxi¬ 
mum voltage to ground with the fast surge was 60 kv, 
which was considerably above the gap flashovep 
voltage. 

A test was made to investigate the effects of the 
indirect interconnection of the secondary neutral and 
arrester ground, using the circuit shown in Fig. 5 
exceptfthat the separate arrester ground was omitted 
so that the only path for the arrester surge current 
was through the secondary arresters, secondary 
windings, and secondary neutral to ground. Crest 
voltages for this test are shown in Table I column 8. 
A comparison of columns 7 and 8 of Table I shows 
that the leakage reactance between the 2 secondary 
windings of this transformer evidently was high 
enough to"increase the voltage appearing across the 
service wires. This same circuit was tested with the 
steep-front surge. The voltage was sufficiently 
great to cause a flashover in the BX cable, so no 
measurement was made; however, no flashover 
occurred on the transformer gaps. 

Surge Voltages Appearing on the Secondary 

A surge voltage impressed across the primary •■of a 
distribution transformer will induce a voltage across 
the secondary ; this voltage has a duration about the 
same as that of the primary voltage. A rapidly 
changing surge current passing to ground over the 
secondary neutral produces an oscillatory voltage 
between the outside wires and ground at the service 
terminals, the maximum value of which is about the . 
same as that of the transformer neutral to ground at * 
the transformer. However, the voltage on the BX 
cable (Fig. 6) is lower than that on the corresponding 
open service; and the voltage on the more distant 
service, No. 2, is greater than that on service No. 1. 

Voltages appearing at the services when the 
arrester ground and secondary neutral are ii^ter- 
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connected are about the same as those appearing 
when a steep-front surge causes the transformer gaps 
to flash over due to the inductive drop in the arrester 
ground lead. 

Secondary voltages with the arrester ground and 
secondary neutral interconnected, though of short 
duration, appear to be of rather high magnitude. 
While the secondary voltages with this circuit may 
be compared with corresponding voltages on the 
other circuits tested, it should be noted that tile 
length of racked secondary was short as compared 
with .lengths usually found in practise, and that 
voltages on an actual distribution system probably 
will be lower. Voltages of the relative magnitudes 
tabulated in column 3 of Table I appear now without 
serious effect for transformer flashovers where 
the ground resistance is low. 

Conclusions 

* 

Tests show that when a transformer is subjected 
to a lightning^surge the case will assume a potential 
of .about 10 per cent of that appearing between the 
primary leads and secondary neutral. Neglecting 
the potential of the case the voltage across the 
transformer bushings is the sum of the voltages 
across the arrester, the arrester ground lead, and the 
arrester ground resistance. With a surge of steep 
front the inductive voltage across the ground lead 
alone may exceed the arrester voltage. Remedial 
steps which can be taken are limited to a reduction of 
the arrester ground resistance and of the inductive 
drop across the ground lead. Practical application 
of these measures is limited by field conditions. 

Improved protection of a distribution transformer 
may be secured by any one of several methods of 
connecting the arrester ground lead to the secondary 
circuit. The following methods will limit the surge 
voltage across the bushings to approximately the* 
characteristic crest voltage of the primary arrester, 
but will differ in resulting secondary voltages: 

1. Direct connection of a low resistance primary arrester ground 
to a grounded!' secondary neutral produces no higher voltages at 
the customer’s service than are experienced when flashover occurs 
with present protection schemes. 

2. Direct connection of a high resistance primary arrester ground 

to a grounded secondary neutral results in higher surge voltages 
.appearing on the customer’s leads than when the ground resistance 
is low. . .> • 7 • ■ 

3. Connecting the primary arrester ground to the secondary neutral 

7 ■ 
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through a low voltage arrester gives substantially the same results 
as the direct connection. 

4. Connecting the primary arrester ground to the secondary outside 
wires through 2 low voltage arresters results in increased surge volt¬ 
age at the service 


II—Tests on a 

Typical Urban Circuit 


By 

C. FRANCIS HARDING C. S. SPRAGUE 

FELLOW A.I.E.E. ASSOCIATE A.LE.E. 

Both of Purdue University, Lafayette, Ind. 


* UnDER a cooperative arrangement 
with the Utilities Research Commission of Chicago, 
the engineering experiment station at Purdue Uni¬ 
versity has been conducting an investigation of surge 
protection for distribution circuits. Many of the 
tests have involved the interconnection of the pri¬ 
mary lightning arrester ground and the grounded 
neutral of the secondary main; it is this phase of the 
work which will be treated in this article. 

After some preliminary work, a 5-span distribution 
line was constructed, over which was supported an 
insulated artificial cloud for the purpose of inducing 
surge potentials in the distribution system. The 
distribution fine was of the double-crossarm wood- 
pole type with 4 4,000-volt primaries on the upper 
arm and 6 secondaries on the lower arm, the latter 
comprising a 3-phase, 230-volt power circuit and a 
single-phase 115/230-volt lighting circuit (see Fig. 
15). The* line was built in accordance with the 
standard construction practise of the Common¬ 
wealth Edison Company of Chicago. A bank of 
3 distribution transformers and a customer’s service 
were included in the distribution system but were not 
connected to any 60-cycle supply. Circuit grounds 
were made on the customer’s service and on the 
distribution system as in standard practise, (See 
Fig. 13 for circuit diagram.) • * 

Potentials Induced on Line Wires 

. The cloud normally was held at ground potential 
by means of a high resistance leak. At definite 
intervals a surge generator was made to discharge 
into the cloud, thereby causing a sudden change in 
cloud potential with consequent induce^ voltages in 
the distribution system. These induced voltages 
were measured by a sphere gap at the transformers 
and at the customer’s service entrance. 

Based upon "Interconnection of Primary Lightning Arrester Ground and the 
Grounded Neutral of the Secondary Main” (No. 32-16) presented at the A.I.E.E. 
winter convention, New York, N. Y., Jan. 25-29,1932. Revised especially for 
Electrical EnHsinbbrino and brought up ;to date. ^ 
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A series of tests was made ip which the induced 
voltages to ground were measured as the distribution 
system was built up step-by-step, that is, by starting 
with the wires only and adding the^ circuit grounds, 
arresters, transformer windings, etc.,’until the system # 
was complete. In Fig. 14 is shown graphically the 
change in the magnitude of induced voltages during * 
this,* procedure, and also the system voltages with • 
ajid without the interconnection 6f the secondary 
neutral to the primary arrester ground. 

In general, Fig. 14 is self-explanatory, * but it is 
desired to call attention to some of the more interest¬ 
ing changes in the induced voltages and their causes. 

As noted in the legend, the first vertical line of each 
group represents the induced voltages on that par¬ 
ticular wire with no grounds or connected apparatus. 
‘Potentials induced on the primary wires (between 
wires 1 and 4 and ground) were approximately 90 
kv; on the secondary wires (between wires 5,’8, 9, 
and ground) approximately 75 kv. (See Fig. 15 
for positions of wires on crossarms.) .In test 2 of 
each group, wire No. 9 (secondary Neutral) was 
connected to a driven pipe ground of approximately 
15 ohms resistance, one span distant from the 
transformer bank. Aside from the reduction in 
voltage on wire No. 9, itself, it is interesting to note 
the reduction on wires 4 and 8, adjacent to wire No. 9. 

, Test 3 of each group indicates the voltages with 
the further addition of primary phase and neutral 
arresters. As would be expected, there was a 
marked decrease in the potentials of ,all primary 
wires. There occurred also a decided reduction in 



Fig. 13. Circuit diagram of experimental distribu¬ 
tion system and artificial cloud 


the potentials of the secondary wires (wires 5, 8, 9) 
due to the shielding effect of the primary wires after 
the arresters had broken down. This is particularly 
significant and important for it indicates that in ihe . 
field a well protected primary system provides 
considerable protection for secondaries located below 
the primaries. ' ■ * 

In Test 4, connecting the transformer primary 
windings caused but slight reduction in induced 
potentials, showing that, the primary winding pre¬ 
sents a relatively high impedance to the surge. With 
transformers, house-wiring circuit, and all grounds 
connected to the circuit, as in Fig. 13, voltages to 
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Test 7 Same as 6 but 6 25-watt lamps on in house 
Test 8—Same as 7 but 6 100-watt lamps on in house 
A indicates secondary neutral not connected to primary 
lightning arrester ground 

B indicates secondary neutral connected to primary 
„ lightning arrester ground at transformer 


Fig. 14. Induced 
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on distribution wires 
with apparatus con¬ 
nected to system in¬ 
creased by steps 
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In the preceding group of tests interconnecting the 
secondary neutral and the lightning arrester ground 
caused, in general, approximately 5 per cetft decrease 
in magnitude of the induced voltages to ground. 
The tests indicated, however, that the effect of this 
connection depends to a large extent upon such 
factors as the steepness of wave front of the surge, 
and time lag of the primary arresters; hence, under 
the test conditions of induced potentials and arrester 
currents of small magnitudes, it cannot be said that 
this connection, always is beneficial. 

- Fig. 15. Arrangement of artificial cloud and line wires Tests Witi * Different Ground Resistances 
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giotrnd on the power and lighting secondaries and 
on the primary neutral were of the order of 20 to 
. 25 kv while those between the primary phase wires 
and ground were of the order of 30 to 35 kv. 

Potentials Induced in Transformer Windings 

. With regard to voltages across transformer wind¬ 
ings it>was determined that for a single-phase lighting 
transformer with its secondary neutral grounded, the 
voltage across the secondary winding was approxi¬ 
mately 5 to 15 per cent of that across the primary 
winding. With 3-phase 230-volt A-connected power 
secondary windings having the midpoint of one 
winding grounded to the lighting secondary neutral, 
it was determined that the voltages across the secon¬ 
dary coils were approximately 20 to 80 per cent.of 
those across the primary windings. In both cases 
the induced potentials overstress the secondary 
insulation without exceeding the safe limit on the 
primary insulation. A solution of this difficulty is 
of course to increase the insulation of the secondary 
winding. In so doing, however, capacitances be¬ 
tween primary, secondary, and core will be changed ; 
^e^ore consideration should be given to the re¬ 
distribution of potentials resulting therefrom. These 
9xe relatively inexpensive additions to the design and 
construction of the transformer. 
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Induced voltages measured at the transformers and 
at the service entrance under various conditions of 
ground resistance are shown graphically in Figs. 16 
and 17. Tests were made both with and without 
interconnection of the secondary neutral to the 
primary lightning arrester ground. In several in¬ 
stances the interconnection caused a marked de¬ 
crease in the voltage between primary phase wire 
and secondary ground. 

Field investigations have demonstrated that many 
transformer failures and blown fuses have been 
caused by flashover from a primary phase lead to the 
transformer case and thence to the secon dar y neu¬ 
tral. In .fact, operating companies have reported 
that in about 3 / 4 of the transformer failures on 
distribution systems due to lightning, the damage 
involved both the primary and secondary windings. 

Measurements of induced voltages between pri¬ 
mary phase lead and secondary neutral have shown - 
that the interconnection of the secondary neutral 
with tjie lightning arrester ground in general is 
.beneficial to the transformer. In particular, with 
a low resistance secondary neutral ground and a high 
resistance lightning arrester ground, the inter¬ 
connection reduced this voltage by 30 to 50 per cent. 
(See Fig. 17, set 2.) With no interconnection and 
lyith a high resistance secondary neutral ground and 
low resistance lightning arrester ground, the voltage 
between primary phase lead and secondary winding 
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Fig. 16 (left) and 17 (right). Effect of interconnection upon 
the potentials at the transformers and at the service entrance with 
various ground resistances • 


was somewhat reduced at the expense of an increased 
voltage across the high resistance secondary neutral 
ground. By making the interconnection and thereby 
connecting the low resistance lightning arrester 
ground in parallel with the high resistance secondary 
ground, there was a redistribution of voltage so that 
the potential between primary phase lead and 
secondary neutral was approximately the same as 
when using the interconnection and with low secon¬ 
dary neutral ground resistance and high lightning 
arrester ground resistance. (See Fig!* 17, set 3.) 

Potentials at Service 

As indicated by Fig. 18, the tests showed that due 
to making the interconnection there was a 10 per 
cent reduction in the potentials at the service en¬ 
trance. There is indicated also a marked reduction 
in the voltages at the service entrance'when the 
customer’s lamps were turned on. This seems to be 
an argument in favor of turning on the lamps during 
a thunderstorm. . , 

During the latter part of the work the transformers 
were mounted on one of the poles and a testing 
shelter was constructed on poles immediately ad¬ 
jacent to the transformer pole. The. induced po¬ 
tentials were slightly higher, hut otherwise in good 
general agreement with those obtained when the 
transformers were on the laboratory flooj;. The 
majority of the tests covered here have been made, 
with the transformers on the poles. Y 

Subsequent to the preparation of the paper pre¬ 
sented at the winter convention in New York, tests 
have been made with the surge generator discharging 
directly from the cloud into a primary phase wire, 
giving arrester currents up to 2,000 amp. Under 

these conditions, the beneficial effect of the inter- 
« * 
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Fig. 18. Effect of lamp 
load upon surge poten¬ 
tials at service entrance 


connection was much more pronounced. Whereas 
with secondary neutral ground resistances of from 10 
to 15 ohms and arrester ground resistances of from * 
100 to 200 ohms, the transformer bushings repeatedly 
flashed over, it was found lhat the interconnection in 
all cases prevented flashover and reduced the po¬ 
tentials across the transformer to approximately 
35 kv. 

Laboratory surge tests were made on several of the 
newer surge-proof distribution transformers’and also 
on some rather old and dirt-covered transformers 
which had seen considerable service. .With a light¬ 
ning arrester operating, normally and connected 
between primary phase and secondary neutral # 
(equivalent to the interconnection) none of the 
transformers showed any signs of failure. 
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While in no way depreciating the advantages of 
the present surge-prdof type, this would indicate 
that increased service and reliability may be obtained 
from some of thf old style transformers if the inter- 
cofmection is adopted. 

„ Surge tests on the primary bushings of some surge- 
# P roof type transformers indicate that well over 100 kv 
is required t& fia^h over the bqshing, due primarily 
to several layers of cambric tape on the phase lead. 
In case o{ possible arrester failure it is evident that 
the winding insulation may be subjected to ab¬ 
normally high stress without relief by bushing 
flashover. 
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Conclusions „ 

From the results obtained in this investigation, 
the following conclusions seem justified: 

1* . The value of an experimental wood pole distribution line with 
an insulated artificial cloud charged by a surge generator was 
established definitely for lightning protective investigations in¬ 
volving induced, as well as direct stroke potentials. 

2. The "tests demonstrated the practicability and economy of 
studying, by means of such equipment, the operation of various 
transformer, lightning arrester, and ground connections, when 
exposed to surges approximating those of lightning. 

IP* 

3. Efficient primary protection on an overhead distribution line 
affords considerable protection to secondaries located below the 
pnm'anes. 

4. A well grounded secondary neutral wire reduces potentials on 
adjacent wires. 

5. In existing transformer design the insulation of the secondary 
winding may be overstressed by steep wave front surges without 
excessive stress on the primary, insulation; such stresses may be 
relieved by improvements in secondary insulation. 

' 6- Low ground resistances, although desirable in other respects 
~ do not necessarily reduce the initial potentials which may be in¬ 
duced on the system. 

A load “1 the consumer’s premises reduces the 

potentials bO to 70 per cent at the service entrance. 

3 the primary lightning arrester ground to the 

' f++>. n< + et * n r Utral of *h® secondary main greatly reduces the voltages 
at the transformer and imposes no extra hazard upon the consumer’s 

4pa^fgraphs ClfiC Cases „° f ^ conclusion ^ covered in the following 

33^2 lightning arrester ground resistance and secondary 
buM^tWW resista 5£ e helow . 2 °, ohm s, the interconnection hS 
transform a^ CCt P ° n raagmtudes of mduc ed potentials at the 

\°- Wi * h tester ground of from 100 to 200 ohms and a secon- 

b^ U SfJ 0l T *5“ ?°, ohms ’ the interconnection redSi 
by from 30 to 50 per cent potentials across the transformer terminals, 

11. With a lightning arrester ground of less than 20 ohms and a 

groun ? of from 100 to 200 ohms (an unusual 
combination), the potentials across the transformer terminals were 
increased about 25 per cent by making the SSSnneS * 


former. 


trans¬ 


it. Using direct strokes” from the surge generator the into.- 

.S5S“*“ beo f fit fSl reStoS' 

• any combination of secondary-neutral and arrester ernnnH 
rwistanass, the interconnection limits the transform^7tiSs?bSe 

arrester voltage, ahdsSd redS mate 
nally the hghtmng failures on non-surge-prpof types of transfomere 

• multiplicity of low 


• it hat been demonoteSrhe^ St £ 

the secOnd^Min. ® * d ^ 8roon ^ d neutral of 


j . . ThERE HAS BEEN a growing con¬ 
viction on the part of those closely associated with 
i 1116 £ r ° blem of Protection that in practise the present 
3 method of Hghtning arrester application on distri¬ 
bution systems involves too many uncontrollable 
factors. Connecting the primary arrester ground 
[ to grounded secondary neutral appears to elimi- 
[ nate many of the uncontrollable factors. With 
such a connection the voltage between transformer 
; ™ dm gs under impulse conditions will not exceed 
the potential allowed by the arrester; this potential 
• J s . so «J° W bushing flashovers or transformer 
failures should be practically eliminated. In pro¬ 
posing this the question naturally arises: Will such 
a connection introduce any additional hazard on 
the customer’s premises and will it offer the ad¬ 
vantage from the protection standpoint that ap- 
parently it should? Experience in those cases where 
this interconnection has been tried does not indi¬ 
cate any increased hazard, and the protection record 
seems to be far above that of the present connection. 

In order that experimental data might be ob¬ 
tained under controlled test conditions, the General 
Electric Company conducted a field investigation 
m cooperation* with the Associated Gas and Electric 
Company. The tests were made on a single-phase 
4,600-volt rural fine of the New York State Electric 
and Gas Company, built to serve the village of 
Willseyville, N. Y., and the surrounding community. 
The line had just been constructed at the time the 
tests were made and for most of the power tests 
was energized at 2,300 volts. A portable million 
volt impulse generator and a cathode ray oscillo¬ 
graph were qsed in the tests. A positive impulse 
voltage of 350 kv applied resulted in a 6/14 microsec 
wave with a crest of 123 kv at the test transformer 
location 4.45 miles away. To prevent flashover, it 
was necessary to increase materially the insulation 
at most of the guyed poles. 

A 10-kva 2, §00-115/230-volt transformer was 
mounted about 30 ft above ground on the pole at 
•which the primary conductors terminated. The 3 
secondary conductors Xi, X^, and Xi extended from 
this pole into the village of Willseyville, having a 
totai oircuit iength of 3,273 ft located on 4 streets. 
(See Fig. 19.) A bhildifig which will be designated 
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Based upon “Lightning Protection for Distribution Transformers” (No. 32-17) 
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. 1 9 . Circuit connections for protection tests on 

transformers 

“h.all” was connected between X x and X 2Z 
oiirt about 400 ft from the transformer pole, 
building was the only one connected to the 
.ary circuits during the tests. In addition to 
-ohm ground at the hall the secondary neutral 
-ounded at 5 points, the nearest being about 
fr'otn the transformer pole. The combined 
nee of all secondary grounds was 25 ohms, 
hall was wired with metallic armored cable 
tile measured capacitance between 1 wire 
round was 0.04 juf- The hall was provided 
3 circuits and 2(j outlets, the ground being 
to the casing of a driven well. , 

cathode ray oscillograms to be shown registered 
es to ground. Voltages between windings are 
ed Toy subtraction, but were checked by direct 
rements with sphere gaps. Resistance and 
tance dividers were used to reduce the po- 
.s to proper values for the oscillograph deflect- 
ates. Most of the tests were made with 3- 
llet arresters which, according to laboratory 
have a breakdown potential of about 17 kv 
ti IJR drop of 0 to 7 kv. Some of the tests 
nade with pellet arresters having higher rat- 


se Applied to the Primary 

y results with impulses on both primary con¬ 
's will be given as this is the most representa- 
ondition of service and the conclusions drawn 
equally well whether the impulse is on 1 eon- 
' or both. Although nearly 1,000 oscillo- 
were taken, in the limited .space available 
, few of the data can be shown., ♦ 


i 

Oscillograms reproduced in # Fig. 20 show the po¬ 
tential with respect to ground of the primary H h 
tank T, and secondary neutral X 2 g with the 3-kv pri¬ 
mary arresters connected to a lOrohm ground in 
the usual manner. The secondary neutral potential 
remains close to ground potential while the tank „ 
takes an intermediate potential, but,close to the ^ 
secondary. As a result, most of die potential al- ’ 
lowed by the primary arrester and its ground is 
impressed, from the primary to tank and secondary. 

increasing the arrester ground resistance to 60 
ohms increases the primary potential to tank and 
secondary and also increases the tank potential, 
as shown in Fig. 21. It is clear that further increase 
in arrester ground resistance is likely to result in 
either flashover of the primary bushings or a wind¬ 
ing failure. Flashover of both primary bushings, or 
cascade flashover of a primary and secondary hush¬ 
ing, if the primary is grounded, is likely to result 
in blown fuses. 

Interconnecting the arrester ground and secon¬ 
dary neutral greatly reduces the potentials between ‘ 
windings and from winding to tank as shown in 
Fig. 22. With this connection the oscillograms 
show that the tank and secondary have practically 
the same potential, while the primary to secondary 
potential is only the arrester potential, although 
’the arrester ground resistance was 60 ohms. 

In Fig. 23 die oscillograms of Figs. 21 and 22 are 
subtracted to show the great reduction in potential 
between primary and secondary when the,arrester 
and secondary neutral werg interconnected. Addi¬ 
tional tests show that there is little difference of po¬ 
tential between the different windings even with , 
the arrester ground disconnected. (Fig. 24.) Thus, * 
regardless of the arrester ground resistance the trans¬ 
former is well protected and fuse blowing* is*reduced 
to a minimum by eliminating bushing arcover. 

Tests made using 6-kv pellet arresters with and 
without the tank connected to the arrester ground, * 
which had a resistance of 10 ohms, are’ shown in 
Fig. 25. The oscillograms are replotted as they 
were taken with different time scales. The impulse 
was applied to both primary conductors, the secon¬ 
dary conductors still being connected to the secon¬ 
dary distribution system. The results show that 
the connection of the tank to the arrester ground 
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Potentials measured at the trans¬ 
former when impulses were ap¬ 
plied to the primary conductors. 
Primary lightning arresters 
grounded at the transformer pole 
in the usual manner 

Fig. 20. (Left) Arrester ground 
resistance 10 ohms 

Fig. 21. (Rig|jt) Arrester ground 

resistance 60 ohms 
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Fig. 28. Inter¬ 
shunt Thy rite 
lightning arresters 
mounted in a 25- 
kva distribution 
transformer for 
operation on a 
2.4-lev isolated 

system 


dose to 'the transformer. Thus acddental connection between 
primary power supply and customer’s premises should be practically 
eliminated. 


by Duvoisin and Brownlee (“Impulse Characteristics 
of Fuse Links,” G. E. Rev., May 1932, p. 260) which 
indicate that valve type lightning arresters may be 
connected inside of fuses without having the arrester 
discharge current blow the fuses. These tests show 
that in order to blow a 1-amp low temperature Gen¬ 
eral Electric fuse link a 1.5/40-microsec impulse 
must have a crest voltage of at least 123 kv; to 
blow a 5-amp fuse under the same conditions the 
crest potential of the traveling wave mult be at 
least 625 kv. Considering the insulation of most 
* distribution circuits it is doubtful if fuses of a ca¬ 
pacity as large as 3 amperes would be blown by 
the discharge current through a valve type hghtning 
arrester. The effect of the power follow current 
through such an arrester is quite negligible from 
the standpoint of blowing fuses during a lightning 
storm. 

With interconnection of lightning arresters it is 
essential that some means be provided for clearing 
the circuit in the event that the arrester should fail. 
Connecting the arrester inside the fuses provides 
a satisfactory method for doing this, and not only 
isolates the arrester but also "locates the trouble 


5. .Surge potentials at the transformer with the arrester ground 
interconnected to the secondary neutral is independent of the arrester 
ground resistance so that the transformer is protected whether the 
arreSter ground resistance is high or low. 

6. With the arrester ground interconnected to the secondary neu¬ 
tral, nothing is to be gained by connecting the transformer tank to 
the secondary neutral, since with the tank “floating,” the potentials 
to tank are much less than the strength of insulation involved and 

• the hazard* to linemen is decreased. 

7. Interconnection of primary arrester ground and secondary neu¬ 
tral allows impulse current to flow into the secondary network, the 

' amount depending on the arrester ground at the transformer. The 
tests showed that even a 10-ohm ground did not prevent flashing 
some of the small gaps in the secondary house wiring; lightning 
discharges originating on the secondary do the same thing and inter- 
connectioif increases the number of such discharges by the amount 
of exposure added. If a good arrester ground is used the severity 
of discharge in the secondary circuits will be reduced greatly. It is 

. not believed that the increase in the number of di s c harges represents 
any increased hazard where the secondary neutral is connected to 
water pipe grdunds, as in cities, even if the arrester is not grounded 
at the transformer. * In rural distribution interconnection may 
represent some increase in hazard if several different grounds exist 
within consumer’s premises so as to allow potential differences 
between different grounded objects and the secondary circuits. 

8. From the standpoint of hazard due to power voltage, the present 
situation is that, in many instances of fuse blowing that may or 
may not have resulted from a transformer failure, power voltages 
of considerable magnitude appear between the secondary ground 
and separate grounds on the customer’s premises; these voltages 
will persist until the fuse blows which may require many cycles, 
depending on the magnitude of the fault current. With good 
grounds on the secondary this time will be short and the voltage 
low; with poor grounds the time is longer and the voltage highlr. 

9. With the interconnection, it is believed that contacts between 
primary and secondary caused by lightning largely will be avoided 
thus materially reducing any hazard that may have existed before 
where the secondary ground resistance was high. In such ch ses 
th^ arrester probably should be connected to a ground at the point 
of interconnection to the secondary neutral, 

10. The tests indicate that the record of arrester protection to 
distribution transformers, including fuse blowing, can be improved 
greatly by the interconnection, providing proper precautions are 
taken where the secondary neutral ground is not a water pipe ground; 
arrester grounds are not necessary where the secondary ground 
resistance is low as with waterpipe grounds. 

Additional Notes on Interconnection 

Since the paper upon which the foregoing arti¬ 
cle is based was written, tests have been completed 
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so that it may be cleared quickly. The impulse 
tests on fuses show that this protection can be se¬ 
cured satisfactorily without any sacrifice in service 
reliability if fuses of 3-amp rating or larger are used. 

There has been some discussion concerning the 
use of interconnection on circuits operating non- 
grounded, on account of the potential that might 
appear between the consumer’s wiring and a sepa¬ 
rate ground. Available information indicates that 
on a 4.6-kv system the potential across a ground 
resjstance of 100 ohms connected between one line 
and ground would not exceed 100 volts, the system 
being 20 miles in extent. This assumes, of course, 
that the line* conductors are free from grounds. 
It does not appear, therefore, that the failure of a 
lightning arrqpter would cause any serious voltages 
on the consumer’s premises even with a ground re¬ 
sistance as high as 100 ohms. 

Several of the larger operating companies now 
are trying interconnection on a scale sufficiently 
large that the results taken as a whole should be 
quite conclusive. Some of these companies who have 
felt doubtful of the interconnection in relation to the 
various codes have obtained the approval of the 
engineers of the Public Service Commissions of their 
particular stsrtes. 

Intershunt Thyrite Lightning Arrester 

If interconnection be employed it is convenient,, 
to mount the arrester inside the transformer tank 
so as to avoid external connections, thus decreasing 
^ the co’st of installed protection and the amount of 
* apparatus separately mounted on the pole. For this 
purpose a special Thyrite arrester has been developed 
consisting of an assembly of gaps and Thyrite within 
a sealed porcelain container and hung from the inside 
of the transformer tank. A transformer so protected 
?s shown in Fig. 28. Such a location of the arrester in¬ 
sures the minimum length of leads and ihakes it possi¬ 
ble for the arrester, which is connected between the 
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primary Conductors and secondary neutral, to func¬ 
tion most efficiently. The arrester is mounted in such 
a way that the transformer tank is not a part of the 
circuit. ThtJSs the tank can be grounded or left isolated 
as desired; if it be grounded it should be interconnected 
with the secondary neutral, so a^to assure that the 
tank potential follows the secondary potential. 

Comments Concerning Interconnection 

Since the A.I.E.E. 1932 winter convention in 
New York, where the papers upon which these 
articles are based were presented, there has been 
much discussion concerning interconnection. This 
discussion may be more or less summarized in the 
statement that improvement in protection to the 
transformer and reduction in blown fuses will re¬ 
sult, but where driven secondary grounds are in 
use, there may be some question concerning hazard. 
It seems to the writers that the case for interconnec¬ 
tion versus the arrester ground connection can be 
stated in some such fashion as the following: With 


» 

the arrester ground connectyAi the protection of 
the transformer and the quality of the service de¬ 
pend upon the arrester, the ground resistance, and 
length of ground lead, while the safety of the con¬ 
sumer depends upon the quality of the secondary 
grounds. If the secondary ground resistance is , 
high the consumer’s safety also may depend upon , 
the%rrester and ground resistance as these may de¬ 
termine whether or not a primary-secondary con¬ 
tact is to be established. With interconnection the 
protection of the transformer depends upon the 
arrester only, while the safety of the consumer 
depends upon the quality of the secondary grounds. 

Any arrangement which tends to make the secon¬ 
dary ground better is to be preferred, and of course 
this includes the interconnection of secondaries into 
a grid and also the interconnection of the primary 
neutral and the secondary neutral. Such connec¬ 
tions establish a firm ground with many connections 
to ground, and should result in improved reliability 
both from the standpoint of lightning protection 
and hazard to the consumer. 


Wiring Buildings 
(or Good Illumination 

* 

* 

Progress in securing good illumination in 
buildings has been impeded seriously by 
lack of sufficient wiring capacity. The 
situation is reviewed in this paper in the 
hope of stimulating engineering interest 
and thus promoting wider use of practises 
which will insure reasonable prospect of. 
adequacy of lighting circuits throughout 
the life of a structure. 



. By 

' G. H. STICKNEY 

FELLOW A.I.E.E. 

WALTER STURROCK 


Both of 
General Electric 
Co., Cleveland, Ohio 


Contemporaneously with 

the development of lighting practise there has come 
into existence a group of illuminating or lighting 
service engineers associated with utility companies, 
leading lamp and equipment manufacturers, ancj, 

Based upon “Adequate Wiring of Buildings, an Essential for Good Illumina¬ 
tion” (No. 32-8(S) presented at the A.I.E.E. summer convention, Cleveland, 
Ohio, June 20-24, 1932. 
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home of the large users of light, who have inter¬ 
changed data and experience with each other as well 
as with practising consultants. 

A large measure of the effort of these engineers has 
been devoted to the repair and correction of lighting 
installations which for one reason or another have 
proved unsatisfactory in operation. They therefore • 
have had an unusual opportunity of determining the * 
border lines of satisfactory and unsatisfactory light¬ 
ing. It is this experience, embodied in the* criteria 
and rules for lighting practise, that has rendered the 
practise so reliable and secured its wide acceptance. 
While this experience has been dominantly with the 
smaller installations, in which for economic reasons 
paid consultants are not usually retained, it should , 
be borne in mind that the more elaborate installa¬ 
tions have at least as stringent requirements. 

•' 

Lighting Practise Advancing 

The lighting practises developed have been ex¬ 
pressed in papers and reports before various associa¬ 
tions. Notable among these are the lighting codes of 
the Illuminating Engineering Society, the American * 
Standards Association, and the International Com¬ 
mission on Illumination. The-accepted illumination 
levels for the most common conditions of building 
lighting have been compiled in tabular form by 
leading illuminating engineers. Among other places 
these tables have been published in the Franklin 
“red seal” specification of the Society for Electrical 
Development, which also prescribes approximate 
rules for the lighting design of the simpler and more 
co mm on classes of building interiors. Tbis specifica¬ 
tion is probably the simplest, most condensed, and 
most comprehensive expression of present lighting 
practise; thus it furnishes a reasonable expression of 
the # electric power requirements of that practise. 
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While electric lighting practise in the more co mm on 
applications is comparatively definite, it is not static. 
Illumination levels, that is to say, the quantitative 
elements, have been rising steadily for many years 
and except for the retardation during periods of 
business depression, there is no indication that most 
fields have approached saturation. Moreover, there 
is an increasing demand for diffusion and reduction of 
glare which is generally secured at a sacrifice of 
light and therefore puts an additional requirement on 
the amount of electricity to be supplied. 

While qualitatively these advances are generally 
recognized, it is exceedingly difficult to secure any 
quantitative measure for them, due to variations in 
application* locality, time, etc. Probably the best 
authoritative values for industrial lighting are 
published in the 1921 and 1930 issues of the “Ameri¬ 
can Standard Code of Lighting for Factories, Mills, 
and Other Work Places,” which have been pub lish ed 
in pamphlet form and in the Transactions of the 
I.E.S., v. 16, 1921, p. 362 and v. 25, 1930, p. 607. 
The 2 issues give the values in different form and in 
some instances different classifications. However, 
a few samples have been selected and incorporated 
in Table I. It is probable that in most instances the 
advances are, if anything, greater than here indicated 
as .the later values were presumably more widely 
exemplified in actual installations at the time of issue.* 
It seems safe to say that, in general, the decade 
ending in 1930 witnessed approximately a doubling 
of light requirement for good practise in the principal 
classes,, of commercial, industrial, and office lighting. 

Tabic I—Illumination Levels Good Practise 


Class Operation or Interior 


Foot-Candles 


,Assemoiy—rougu. 2 to R 

—medium. 

—medium fine. 

A tn 10 

—extra fine.. 

.... i n to 9.n 

Chemical works—hand furnaces, etc 

. 2 to 5 

Cloth products—light goods. 

—dark goods.. 

_ 10 to 20 

Elevators—freight and passenger. 


Forge shops... 


Foundries-—charging floor. 

• —fine molding and core making..... 
Glove manufacturing—dark goods 

Locker rooms. 

. 2 to 5 . 

. 5 to 10.... 

. 10 to 20 . 

2 

Machine shops—rough work... 


—medium work. 

.... 5 to 10 

—fine work.. 

_ 10 tn 9.n 

Offices—close work. 

—no dose work.. 


100 to 25 
5 to 3 
15 to 10 
100 to 25 
8 to 5 
10 to 6 
8 to 5' 
15 to 10 


—uieumm wore. 5 to 10 . 15 to 10 

rw* , ~ 1 l rle WOrk ... 10 to 20 ......... 100 to 25 

Offices—close work... 16 to 10 

—no dose work.... !!.*!!! !.‘|!!.*!•! 10 to 8 

—pnvate and general.. 5 to 10 

~ draftin g.. 10 to 20 ..... .... 25 to 15 

Indications of Wiring‘Inadequacy 

; : • . 

. *For a number of years illuminating engineers have 
been encountering installations in which suitable 
lighting could not be provided because of a lack of 
.capacity in the wiring. Even where the safe carrying 
capacity of the wiring was not exceeded, excessive 
losses of electrical pressure in the wiring were fre¬ 
quently encountered so that the voltage delivered to 
lamps was considerably less than it should have been, 
bpch losses were greatest at times when the demand 
was greatest, and resulted in serious reduction in light 
output and lamp efficiency. In a brtef survey trfade 


in 1931 by an electric utility company in Ohio, jit 
was found that the voltage drop in the interior wiring 
between meter and socket was frequently over 5 per 
cent and in some cases in excess of 2.0 per cent. 
Since operation of tungsten filament lam ps at 10 per 
cent of rated voltage means a light output of only 
about 70 per cent of normal (see Fig. 1), it is easy to 
understand how unsatisfactory the ill umina tion 
would be. This subject is discussed further in 
“Voltage and Incandescent Electric Lighting,” G. 
S. Merrill, Preprint No. 137, International Illumi- 
• nation Congress, presented at Glasgow, September 
1931. Oftentimes such r conditions have been mis¬ 
interpreted as being due to poor regulation of the 
utility’s circuits or to defective lamps and have been a 
source of complaint from this standpoint. In 
extreme cases building owners have been compelled 
to incur the costly outlay of rewiring, but in a much 
larger number of cases, the expense has appeared 
prohibitive, and unsatisfactory lighting has been 
continued. 

A review of the papers and reports presented be¬ 
fore engineering associations shows careful trea tm ent 
of practically every phase of electrical engineering 
except building wiring. It seems important that 
more attention be given this subject. 

Future Lighting 

In addition to the expected advance in illumination 
levels and degrees of light diffusion, there is a 
number of more or less new lighting applications go¬ 
ing into use which bid fair to increase the electrical 
consumption. Among these may be mentioned 
light ornaments, that is, light sources to look at 
rather than for general illumination, or namental 
portable lamps, indoor signal indicators, signs, etc. 
Some of these, while originating in the home, club, 
or hotel, are spreading to stores, offices, and other 
interiors. 

For the past 5 years, the practise initiated in 
Europe of using so-called “built-in” lighting has been 
spreading rapidly in this country. Since such 
lighting formerly required special construction in the 
walls and ceilings, it was applicable only to new build¬ 
ings or those in which extensive reconstruction was 
being undertaken. However, modified forms of 
luminaires similar to built-in equipment are begin¬ 
ning to appear, and these can be installed without 
difficulty* in ffinished rooms and supplied from the 
usual electric outlets. This class of lighting is 
extending because of its artistic merit and in spite of 
a considerable reduction in efficiency measured in 
lumens per watt. It therefore represents an increase, 
in electrical consumption which should receive" 
proper consideration. 

Andther phase of lighting, which is still in the 
experimental stage but receiving enough attention to 
preclude ignoring it, is the so-called “dual puipose” 
health lighting. In addition to the visible light, 
these lamps supply the ultraviolet radiation which is * 
depleted from daylight by window glass and city 
%mpke and which is absent from the light of ordinary 
iUummants, Such equipment does not inherently 
require more electricity per unit of fight" than ordi- 
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nary lighting, but the installations so far made 
indicate a tendency to employ higher wattage. 

A compensating factor to the increased consump¬ 
tion would tfe the use of more efficient light sources. 
The rapid increase in efficiency of incandescent 
lamps from, say, 1912 to 1922 just about kept pace 
with the demand for more light, so that the electrical 
demand for a given area and purpose held fairly 
constant^ throughout that period. Since then the 
advance in efficiency has slowed down and although 
illuminants of considerably higher efficiency have 
been produced in laboratories, it appears unsafe to < 
depend upon any great increase in efficiency being 
widely applicable to today's installations within the 
next 4 or 5 years. 

Within the past 10 years large numbers of small 
motor and heating appliances have been connected to 
lighting circuits and apparently the next few years 
will witness considerable increase in the load due to 
their more extended use. They are valuable services 
. and must be planned both for their own value and for 
* the limits they otherwise would present to good 
lighting practise. 

* * 

Tjhe Quantitative Element of Wiring 

Interior wiring has received a great deal of atten¬ 
tion on the part of code writers, and has been the 
subject of numerous rules. By many in the elec¬ 
trical industry the National Electric Code has been 
taken as a standard of good engineering, overlooking 
the fact that the purpose of the code is,fire prevention 
and other safety features. Being mandatory in 
character, the code cannot prescribe wiring on the 
basis of economic engineering. Because of the 
common failure of those responsible for such wiring 
to provide for later additions to the load it has been 
necessary for the code to anticipate these additions, 
but still on the basis of safety only. The code has 
been the subject of considerable controversy among 
the various interests involved. Since good engineer¬ 
ing would incorporate both the requirements for 
safety and economic operation, there is good reason 
’to believe that if good engineering were to prevail in 
this field these misunderstandings would disappear 
and the code assume its rightful position. • 

In the absence of generally accepted standards 
other than the wiring code, it has become a wide¬ 
spread practise for designers to establish arbitrary 
rules and constants of their own making.* In the 
smaller installations the details of wiring are often 
determined by competing contractors eager to under¬ 
bid each other. Where consulting engineers are 
retained, they often are urged to justify their employ¬ 
ment by minimizing investment and so find it diffi¬ 
cult to apply best engineering judgment. These 
varying circumstances all militate against the proper 
response of wiring practise to the needs «of lighting. 

In the report of a National Electric Light Associa¬ 
tion subcommittee on adequate wiring entitled, 
“Lighting Service Manual,” Part 3, p. 17, published 
by the N.E.L.A., August 1928, the following con- # 

elusions were drawn: 

. '* ' • . . • . • ' . . • • • 

1. That to cuh down the wiring specifications in order to reduce the 
initial investment was false economy as the greater losses would 


within a period of a year or 2 entirely qfflet the difference in invest¬ 
ment. 

2. That the investment in the wiring system did not increase in 
direct proportion to the increase in wiring capacity; doubling the 
wattage capacity increased the investment only about Va while # 
50 per cent extra capacity meant an additional investment of only 
from 15 to 18 per cent. 

It would appear therefore that in the interest of • 
good engineering bdsed upon economics what is 
needed is a reasonable, standard, based upon good 
lighting practise, with an allowance for advances in 
the art and probable changes in the use of buildings. 
Such a standard would do much to overcome the 
insidious whittling which, in a considerable degree, 
has been responsible for the unsatisfactory condition. 



PER CENT NORMAL VOLTS 


Fig. 1. Relation between illumination yid voltage 
of tungsten filament lamps * * 

Adequacy Specification 

* 

A few illumination engineers about 1924 became 
conscious of building wiring as a limitation of good * 
lighting. Previous to that time these engineers had 
concentrated upon the selection of lamps, luminaires, 
and locations. It became obviously important to 
give attention to wiring if the advance of illuminating 
engineering were not to be seriously impeded. The 
educational undertaking which resulted is described 
in * ‘Adequate Wiring—A Problem of the Ill umin ating 
Engineer,” G. H. Stickney, Preprint No. 125, 
International Illumination Congress, presented at 
Glasgow, September 1931. 

through the efforts of tfie N.E.L.A., prel iminar y 
paragraphs for an adequacy specification were agreed 
upon in the spring of 1929. Immediately some of tfie 
illuminating engineers, especially those associated 
, with electric utility companies, began an informal 
application of the standards so embodied. The* 
results were very gratifying. After a year’s experi¬ 
ence an extension of these paragraphs for. commercial 
buildings was published by the N.E.L.A. in the 
pamphlet of March 30, 1930, entitled, “Minimum 
Specification for Adequate Wiring; of Lighting 
Circuits in Commercial and Public Structures,” 

A corresponding specification for^industrial buildings 
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was issued under the same auspices on July 20, 1931, entirely new applications-of the device, and to new 
entitled, “Minimum Specification for Adequate Wir- applications of the valve action on which its recti- 
ing of Lighting Circuits in Industrial Structures.” fying property is based. In recent years considerable 
r .Several interested groups individually undertook experimental and development work ha^ been carried 
the preparation of corresponding specifications for out on rectifiers provided with control grids, utilizing 
* residence wiring, and in the fall of 1931 an industry the grids for interrupting short circuits and backfires, 
Committee was organized to coordinate the several for d-c voltage control, for the conversion of direct 
undertakings into a single standard specification, current to alternating current, and for many other 
This work is not yet completed, although the reports purposes. In this paper is described a new applica- 
indicate that the end is in sight. tion of grid controlled mercury arc rectifiers in con- 

It is to be hoped that consulting engineers will nection. with a new single-phase commutatorless 
familiarize themselves with these specifications and • motor for a-c railway service. 

subjedt them to criticism, and that out of this there Experiments carried out on a locomotive equipped 
may come generally accepted standards of wiring with this type of motor have demonstrated the 
practise. This would strengthen the #eak link in practicability of this scheme. Besides the elimina- 
the system of electric lighting, and encourage a tion of commutators, practically all of the expensive 
normal development along the line of good engineer- switchgear and control apparatus is done away with, 
ing based upon economics. The public then could resulting in a simplification of the locomotive and a 
look with confidence to its advisers in the field of reduction in cost. In addition, it becomes possible to 
electric lighting, and be assured that good illumina- use a power supply of any available frequency, 
tion, according to its needs, could be had in any whereas at the present time frequencies of 25 cycles 
building constructed under responsible auspices. or less generally are required. While it is too early 

to predict where this development may lead, the 
marked advantages of a locomotive equipped with 
* motors .of this type, which are already apparent, may 

revolutionize the practise of railway electrification. 

« 


A Railway Motor 
W ithout Commutator 


Ooe.of the latest uses for that versatile 
device, the grid controlled mercury arc 
rectifier, is to replace the commutator of 
an electric railway motor that will operate 
on either "alternating or direct current. 
However, the rectifier eliminates not only 
the commutators in a locomotive equipped 
with these motors, but also all expensive 
control, switching, and reversing equip¬ 
ment. Experiments have shown so much 
promise that a 1,000-hp locomotive of 
this type now is being built in Switzerland. * 
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Co., Milwaukee, Wis. 


, INTENSIVE research work carried 
on for improving the mercury arc rectifier has led not 
only to improvements in its operation but also to 
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Operation of Energized Grids 

Phenomena and characteristics of the mercury arc 
valve have been treated in great detail in various 
scientific journals. Its applications are many if 
equipped with a control grid which is introduced into 
the path of the arc. This grid is insulated from the 
anode and may be energized from an outside source of 
potential, such as a battery, auxiliary transformer, 
generator, or a combination of these sources. Non- 
energized grids or screens also are used to a large 
extent in mercury arc rectifiers foe many purposes. 
(See “Mercury Arc Power Rectifiers,” Marti and 
Winograd, McGraw-Hill Book Co., p. 42, 227, 232, 
397.) 

Some of the possibilities of energized grids are 
illustrated by the diagram of a 2-anode rectifier 
shown in Fig. 1. Let a sinusoidal a-c voltage be 
impressed on the primary side of the transfor m er, 
and let the grids be de-energized. The anodes will 
be positive during alternate half-cycles. During the 
half-cycle that anode 1 is positive, current will flow 
from anode \o cathode through the load circuit, as 
indicated by the solid arrows. When anode 2 is 
positive, current will flow from anode to cathode 
through the load circuit, as shown by the dotted 
arrows. The current therefore flows through the* 
load circuit in the same direction during both halves 
of the. cycle. The same rectifying action will take 
place if a positive potential is applied to the grids 
during the .intervals when the voltages of the corre¬ 
sponding anodes are positive. This could be accom¬ 
plished by throwing switch S (Fig. 1) from one posi¬ 
tion to the other after eac.h half-cycle, thalring the 
. grid of anode 1 positive during the half-cycle when 
anode 1 is positive, etc., or by rotating co mmu tator 
C at synchronous speed by means of motor M. 

• This is illustrated in Fig. 2, Section a shows the 
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anode voltages e w , 3>o. Shaded portions represent 
the d-c voltage wave (neglecting the arc drop). 
Section b represents the d-c wave for a resistance 
load. Sections c and d indicate the potentials ap¬ 
plied to the grids; shaded blocks represent the poten¬ 
tials if direct current is used, with a reversing or 
rotating switch, as shown in Fig. 1, and the sine 
waves represent the potentials if alternating current 
is used. 

In A of Fig. 2 is shown the condition when the grids 
are made positive at the instant when the corre¬ 
sponding anodes become positive. Each anode then 
operates during half a cycle, and the average d-c volt- * 
age is shown by line E d A- In B of Fig. 2 is shown 
the condition obtained by shifting the brushes of the 
rotating switch C, Fig. 1, through the angle a. The 
grid potential then becomes positive a electrical de¬ 
grees after the anode potential, and the point at which 
the anodes start firing is delayed by the angle a, which 
reduces the d-c voltage to the average value E dB . 

It can readily be seen that by shifting the brushes 
of commutator C, that is, by changing the timing 
with respect to the voltage of the anodes, the rectifier 
can be stepped from passing current without inter¬ 
rupting the primary supply or the voltage can be 
changed from the maximum value E dA , to a value 
E d B, or can be made as low as zero. The source of 
potential for energizing the grids, battery B, ©an be 
replaced by an a-c source, which could be an auxiliary 
transformer, a small generator, or the like. Several 
standard rectifiers equipped with such grid control 
have been built at the West AUis works of the Allis- 
Chalmers Manufacturing Company* and recently 
were placed in service. They have proved entirely 
satisfactory. 

Only a few hundred watts are required for con¬ 
trolling power rectifiers. The grid control apparatus 
is therefore quite inexpensive. This fact should be 
bom in mind when studying the commutatorless 
motor and locomotive described later in this article. 


Fig. 1. Controlled-grid 
valve that can be used 
either as a rectifier or a 
d-c sto a-c converter . 

a 




Fig. 2. Curves illustrating voltage regulation, and 
control by means oienergized grids 


This feature opens up great possibilities for the 
now fully developed mercury arc rectifier, and many 
new applications for the mercury arc vafve* * 

Commutatorless Single-Phase Railway Motor 



Inverted Rectifier 

In the arrangement shown in Fig. 1, assume that 
the load is replaced by a d-c generator as shown. If 
a positive , voltage is applied to the grid of anode 1, 
current will begin to flow through the left-hand por¬ 
tion of the secondary winding of the transformer, 
inducing a voltage in the primary winding. After a 
certain time interval let the grid of anode £ become 
positive,'and current will start to flow through the 
right-hand portion of the secondary winding of the 
transformer. If at the same time the current in 
anode 1 can be reduced to zero by some means or 
* other, then the rectifier and associated equipment 
would be nothing else than a converter feeding power 
from the d-c into the a-c network. Although the 
flow of current from generator G through the anodes 
can be controlled by energized grids only as to the 
time of starting, other methods have been developed 
for reducing the anode current to zero in the proper 
sequence to obtain inverted operation of a conven¬ 
tional rectifier so as to convert direct current into* 
alternating current. (See Kern, Bulletin Schweizer- 
ischer Elektrotechnischer Verein , 1931, p. 538.) V 


For some time portable substations equipped with 
mercury arc rectifiers have been built abroad and in 
this country. As far back as 1914 a 250-hp motor 
car, equipped with a mercury arc rectifier, was in 
service in this country, on the New York,. New 
Haven, and Hartford Railroad. As some experience 
therefore already is at hand, it will not be a novelty 
to put a rectifier on a locomotive, except in its use as a 
static commutator for the traction motors. 

Present standard series a-c or d-c traction motors 
are "limited to comparatively low voltages by their 
commutators, and therefore the controls for these 
motors are expensive. The commutator also makes 
the construction of the motor expensive, and involves 
the troublesome difficulties inherent in mechanioal 
commutation. It has been found possible to replace 
the commutator by a series of electric valves, viz., a 
- mercury arc rectifier, by the use of which the dis¬ 
advantages mentioned are obviated. This scheme* 
can be applied to single-phase or d-c motors so that 
relatively high voltages can be used, thus reducing 
the size and weight of the topper used in the connec¬ 
tions. At the same time, a very desirable speed- 
tractive effort characteristic can be obtained. Fur¬ 
thermore, all expensive control, switching, and re- 
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versing equipment is dispensed with, while a rectifier 
and^a very simple and cheap grid control is added. 

Referring to Fig. 3, it may be seen that the com¬ 
mutatorless motor consists of an armature winding c, 
a field winding d, and a distributor mounted on the* 
shaft of the motor. An integral part of the motor is 
the grid controlled rectifier /. The complete outfit 
includes* in addition, a single phase transformer b, a 
synchronous rotary switch, and the control battery; 
a is the' trolley wire. The armature windings of the 
'motor are in the stator and the field winding is on the 
•** rotor for the same reason that this practise generally 
is followed in the design of synchronous motors. By 
doing so-oilly 2 slip rings are necessary for the field 
windings, whereas if the armature were wound on the 
rotor 4 slip rings would be required in this particular. 
' case, and even more for practical applications. 

In order *to understand the function and operation 
r of the distributor, assume for a moment that the 
armature is on the rotor and that the field is in the 
stator. The distributor then corresponds exactly to 
the conventional commutator of a d-c ma chin e, that 
is, it distributes or shifts the current from one arma¬ 
ture coil to the next at the proper moment, just as the 
conventional commutator does in a conventional 
motor. However, instead of carrying the total arma¬ 
ture current, or, as in a series motor, the total motor 
current, the distributor has to handle only a very 
small current a fraction of an ampere; it controls 
the rectifier which carries»the full motor current and 
performs the actual commutation. Now, consider¬ 
ing this motor again as it actually would be built with 
the armature stationary and the field fed by slip 
rings, it is evident that the distributor still performs 
tiie functions of a commutator. In other words, the 1 
distributor controls the flow of current through the 
various coils of the armature winding as a function of 
the position 'of the rotor just as a conventional com- 
imitator would do the sanfe thing, and has no effect 
on the speed of the motor. 

^ In operation, let it be assumed, first, that the recti¬ 
fier equipment is in the position shown, and that one 




Fig. 4. Commutatorless rectifier motor on test 


grid (of anode x) is energized positively through the 
distributor. This grid accordingly permits current 
to flow through the anode which it controls. All 
other grids will be energized negatively thus prevent¬ 
ing current from flowing through their anodes. As - 
the primary winding of transformer b is energized 
from the line, a half-wave Current will flow through 
the winding of rotor d and through c h as indicated by 
the arrows. As can readily be seen, the field pro¬ 
duced in the windings c x and d will produce a torque 
which'causes the field d to rotate. At the proper 
time, the shaft of the motor e brings the brushes of 
the distributor to such a position that the grids of 
anodes z and x now are energized negatively, while 
the grid of anode y is energized positively, permitting 
current to flow* from anode y into winding d, and 
through c%. This process is repeated in sequence for 
all windings of the stator, thereby producing a con¬ 
tinuously rotating motion of the rotor. 

Continuous Speed Control 

The speed of the motor is determined by the same 
factors which determine the speed of any series motor, 
whether d-c or a-c, namely, the load on the motor and 
the voltage across it. In the case of a d-c series 
motor, the voltage across it would be determined by 
the series resistance, which can be cut in or out in 
steps; a-q. series motors are controlled similarly by 
means of resistances or taps on an auto-transformer. 
Both of these schemes have their obvious disad¬ 
vantages as follows: 

* .- • 

1. The speed is regulated in steps. 

2 . A considerable loss in energy generally is involved. 

3. The control apparatus is expensive, becoming more expensive as 
the number of steps is increased. 

In the commutatorless motor, continuous speed' 
regulation can be obtained without loss of energy 
and with inexpensive equipment. In Fig. 3 may be 
seen a rotary switch called the voltage controller, 
driven by a ‘small Synchronous motor from the main 
supply. This voltage controller prevents the forma¬ 
tion of an arc in the rectifier before a certain point in 
the cycle of .the voltage wave. This point can be 
determined by shifting the position of the stationary 
Contact of the voltage controller so that the anode 
can be made to pick up at the very beginning of the 
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positive half of the voltage wave, or can be entirely 
prevented from picking up. Any intermediate posi¬ 
tion, of course, can be obtained. Referring to the 
explanation Df voltage control of rectifiers by means 
of energized grids, it may be seen that actually the 
average voltage across the motor is being controlled. 
By this mean speed regulation of the motor is ob¬ 
tained, and it is evident that this regulation is con¬ 
tinuous from zero up to the speed for which the motor 
is designed. It is evident also that the same voltage 
controller can be used for starting the motor. , 

The motor illustrated in Fig. 3 utilizes only one 
half of the applied voltage wave, and hence would not 
be considered in a practical case. A connection 
therefore is used whereby the full wave is utilized. 
Moreover, the armature windings are arranged so 
that although each conductor carries only a pulsating 
unidirectional current, each pole is energized con¬ 
tinuously for 180 electrical rotor degrees in one direc¬ 
tion, and in the other direction for the next 180 de¬ 
grees. Magnetic conditions in the motor therefore 
are the same as in a d-c machine, and there is no 
tendency for the motor to “lock in” at synchronous 
or sub-synphronous speeds. 

This motor has a series characteristic which is 
desirable for traction purposes. A resistance can be 
connected across the stator winding, so that the 
motor can be given the characteristics of a repulsion 
motor. It is also possible to connect only the rotor 
to the source of power, in which case the stator cir¬ 
cuits are closed only through the rectifier, and the 


stator currents are obtained by induction through the 
rotor. The stator, being then no longer connected to 
the circuit, can be wound for whatever voltage is 
found most desirable. (See Kern, 'Elektrische Baji- 
nen, November 1931.) 

Motor Can Operate From Direct Current • 
a * * 

‘Considering the magnetic conditions in the com¬ 
mutatorless motor, it can be shown that a motor can 
be designed to operate from a d-c source. The 
counter emf is used to enable the rectifier to com¬ 
mutate the current from one armature winding to 
the next. During the starting period, before suffi¬ 
cient back emf is available, a small auxiliary machine 
supplies the commutating voltage. It is possible to 
design a motor which will operate either on 25 or 60 
cycles, or on direct current. A locomotive therefore 
can be designed which will operate on, say, 11,000- 
volt, 25-cycle main lines, and also on 3,000-volt d-c 
systems in metropolitan areas. 

Summarizing, we have a motor which ban be used 
either on 25 or 60-cycle systems or on high voltage 
direct current. Starting and controlling the motor is 
effected by controlling the average d-c voltage across 
the motor without loss of energy. The motor is 
reversed merely by shifting the stationary contacts of 
the distributor 180 electrical degrees. Regenerative 
braking is obtained by shifting the distributor and 
voltage regulator. Thus all control operations, 
starting, running, reversing, and braking of the loco- 




Fig. 5. General layout of 1,000-lip single-phase test locomotive with rectifier grid-controlled motors 

1. Current collector 7. Main controller 13. Fan for traction motors 

2. Main switch a. Voltage controller 14. Converter for auxiliary services 

3. Transformer 9. : Motor switch 15. Air compressor 

4. Rectifier 10. Vacuum pump for rectifier 16. Master controller 

5. Traction motors 11. Cooling set for rectifier « 17. ; Reversing switch for running and 

6. -* Control button 12. Cooling set for Transformer recuperation of power 
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motive, are accomplished by shifting the stationary 
contacts of the voltage controller and of the distribu¬ 
tor, both of which are small pieces of apparatus. 

In Fig. 4 is shown the first experimental model of 
such a commutatorless motor directly coupled to a 
' generator as load, and with a commercial rectifier of 
* Ihrge capacity. The control hand-wheel is visible on 
the right. • . • • 

In conclusion it is of interest to note that Browrf, 
Boveri &*Company, Ltd., of Baden, Switzerland, at 
present is building a single-phase locomotive to be 
Operated directly with single-phase power of 50 cycles 


at 15,000 volts. The locomotive is of standard gage, 
and is equipped with two motors of 500 hp, one-hour 
rating, for a maximum speed of 90 km per hr (56 
mph). (See Fig. 5.) It is designed for degenerative 
braking. This locomotive has no co mm utators, tap 
switches, starting resistances, or reversing switches, 
in the motor circuit. All such equipment is replaced 
by a, high-voltage mercury arc rectifier with control 
grids. Tests with this locomotive will be highly sig¬ 
nificant in view of the possible utilization of alter¬ 
nating currents of commercial frequencies for the 
•electrification of main line railroads. 


The Rock Island 
Hydroelectric Development 


First electric power development on the 
famous Columbia River, the initial 60 , 000 - 
kwRock Island plant also is the first ma- 
jqr low head installation on the Pacific 
Coast, a territory long famous for its high 
head plants, and has the largest installed 
capacityjn adjustable-vane propeller-type 
whfeefe of any plant in the United States. 
Some of the project's many departures 
from conventional design are revealed in 
the accompanying text and illustrations. 


By 

A/P. NEWBERRY 


GEORGE C. SEARS 

MEMBER A.I.E.E. 


Both of 
Puset Sound Power & 
Llsht Co., Seattle, Wash. 
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1 . . . HE ROfK ISLAND hydroelectric 

plant is being built as a unit of the Puget Sound 
Rower & Light Company s system which supplies 
electric service to a large territory lying west of the 
Cascade Mountains in the State of Washington 
The development is interesting in that it is the 
only large low head plant in a section where high 
heads are the rule and therefore presents certain 
leatmes of design that generally are not found on the 
Pacific Coast. Further, jt is the first step in the 

v^ioa/”Vancouver, r Padfic Coast coa- 
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development of the enormous power resources of the 
Columbia River, one of the most famous streams in 
North America. 

The plant is located east of the Cascades on the 
Columbia River in central Washington about 13 
miles downstream from Wenatchee. From the 
plant 2. 130-mile 110-kv transmission lines cross the 
mountains through widely separated passes to con¬ 
nect at different points with the company’s system 
around Puget Sound where the major portion of the 
station s output will be used. The main power 
supply of the system at present is from hydro plants 
on the west # side of the mountains supplemented 
by a relatively new 80,000-kw steam-electric generat¬ 
ing station in Seattle. While there is some diversity 
in the various rivers due to the different altitudes of 
their watersheds, they all have the characteristics 
typical of glacially fed streams, high water in the 
spring and summer and low flow in the fall and 
winter. Even with appreciable amounts of storage 
available to fill in the low periods, there is a natural 
reduction in hydro capacity at those times requiring 
the opei^tiofi of steam stations to make up the 
deficiency. Conditions at Rock Island are such 
that, with maximum capacity and output available 
at low water and the reduction in both occurring at 
high water, this plant fits in admirably with the 
other stations. 

Water Supply 

The Columbia River at the dam is fed by a drain¬ 
age area of some 90,000 square miles extending from 
the Cascade Mountains on the west to the Rockies 
on the east, and including parts of Washington, 
Idaho, Montana, and British Columbia. Precipita¬ 
tion in the upper Columbia watershed varies from 
less than 15 in. in eastern Washington to nearly 
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1Q0 in. in British Columbia. This upper portion of 
the drainage area includes many lakes and glaciers, 
and mountain ranges almost perpetually covered with 
snow. Nearly all the precipitation on the entire 
watershed comes in the winter in the form of snow 
which lies on the ground until spring. Hence from 
October 1 to April 1 the supply is almost entirely 
ground water, maintaining a remarkably uniform 
flow averaging about 40,000 cfs and rarely exceeding 
100,000 tfs. As the snow melts, beginning usually 
about April 1 on the lower lands and gradually ex¬ 
tending to the higher levels, there is a discharge 
steadily increasing to a maximum about the middle" 
of June. This maximum varies widely from year 
to year depending upon the amount of snow in stor¬ 
age and the rate of run-off. The maximum flood on 
record since 1858 was 740,000 cfs in 1894; the 
lowest recorded flow about 21,000 cfs. 

Development of this potential power supply has 
been delayed until the present by limitations in¬ 
herent in the stream itself, and in the various power 
sites available along it. The stream is so large and 
the cost of construction so high in consequence that 
it has begn difficult, to plan an initial development 


that would show*good economy* The opinion gener¬ 
ally held has been that any Columbia River water 
power development would require a market larger 
than could be furnished by any on§ of the adjacent 
power systems. Further, the nature of the river 
channel below the dam is such that, with increasing 
flow, the water level below the dam rise§ much faster 
thaaa. the level above; until, with extreme floods, the 
drfferential may be less than 20 ft. However, this 
reduction in head and consequently in plant; capacity, 
comes at a time when all other plants on the system 
are at their best in productive .capacity, and there¬ 
fore is not a handicap to economical operation.. 

The Columbia basin in eastern Washington is 
underlaid by basaltic formation made up of separate 
layers or flows of lava superimposed one above the 
other. In general, these layers are horizontal and! 
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9 Section through the Rock £ 

Island power house at one of 
the main units, revealing 
many of the features of de¬ 
sign including the elimina¬ 
tion of penstock and the cur¬ 
tain wall which keeps ice and 
trash from the intake chamber. 

Section through the control 
room bay also is shown above 
at the left * . 



2 Head Gates per Slot 


September 1932 


655 


* ' . 




in much the same position as when first deposited. 
One of these sheets of basalt forms the rapids at 
Rock Island, and is the foundation on which the dam 
is built. (See , front cover.) Chief among the 
• advantages that led to the selection of this location 
* are (1) good foundation and favorable topography; 
. (2) proximity to a transmission line already con- 



Upstream view of the Rock Island power house show¬ 
ing the outdoor transformers with associated forced 
, air cooling equipment 


the increasing number of rapids, and reefs which 
offer serious obstruction to free navigation. Con¬ 
templated future possible improvements of the 
upper portion of the river are based <> upon plans 
for securing slack water navigation by means of a 
series of locks and dams. When completed to its 
ultimate height the Rock Island dam will provide a 
navigable pool about 14 miles long at low water. To 
permit the possible use of this pool for navigation, 
the structure has been so designed that a ldck could 
be constructed on the river bank opposite the 
• power house in place of a portion of the present 
abutment. 

Perhaps one of the most interesting features of the 
development is the pair of fish ladders provided for the 
passage of salmon which are going upstream in vary¬ 
ing quantities at practically all times. Because of 
the importance of maintaining the fish run, careful 
study was given the problem of getting them over the 
dam until final plans were worked out in conjunction 
with state and federal authorities and a ladder was 
constructed in each abutment. Each of these 
ladders is some 500 ft long and provides 45 steps 
each 1 ft high, 10 ft long, and 20 ft wide. .Sufficient 
water is used to assure a depth of more than a foot 
over the weirs, thereby permitting the fish to swim 
readily from one pool to the next rather than forcing 
them to jump. It is almost impossible to see the 
fish progress through the ladder, but the presence of a 
normal number of salmon at points up the river in¬ 
dicates satisfactory operation. 


structed; (3) site on the main line of the Great 
. Northern Railway; (4) amount and character of 
- available power is such that it can be utilized eco¬ 
nomically by £he power company. 

. * 

The Dam 

dam # is a concrete structure built to develop an * 
effective head of 32 ft at its initial height. Am p ] ,- 

• ^ a J e r. *?. ava >lable for full capacity of the present 
installation at that head, but with the addition of 

5““? *£ e dam .,7 m he raised to give an effective 

head of 48 ft. Spillway capacity sufficient to pass 
artreme floods is provided by 37 gates each 30 ft 
wide, 18 of which have their sills at el 559.0, and the 
remainder at el 581.5. In the initial development a 

at f 1 . 5 . 81 ;?™? be “attained by using gates 
* at height in the deep slots, except in very high 

' S °T ° the ? g at es will be opened to 

to! ^ ? ond ,J eveI Wltlm the project boundary. 
W th the installation of.more units, piers will be 

Sft heTd gates placed t0 el 599.0 to providT the 

Requirements laid down by the Federal Power 
Comnussion in its construction license covering the 
project called for a design that would proiridf im ' 
mediately for the free passage of salmon over the 
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Power House * 

« 

, T he P ower house, also of concrete, is built into the 
dam adjacent to the north abutment and, while the 
present building will accommodate only the initial 
4 umts, the foundations are in for the ultimate 12 
turbines which will require a building 880 ft long. 
™ aa ^ P°^3f er house design embraces several un¬ 
usual features may be seen from the accompanying 
illustrations. Perhaps one of the most interesting 
of these arises from the necessity of providing for 
the possibility of extremely high tailwater by 
eliminating from the building all windows and other 
extenor openings below the main deck, which is 
about on a level with the roof of the generator room. 
In the office bay and the control room, located above 
the deck, the design provides for the normal pro¬ 
portion df windows, but throughout the plant ex¬ 
cellent working conditions under close control are 

provided by artificial illumination and forced ventila¬ 
tion. 

_ Air conditioning equipment is installed in connec¬ 
tion with the ventilating system and even with the ” 
extremes of temperature of the eastern Washington 
climatfe satisfactory temperature control is obtained. 
Winter heaths provided by drawing warm air from 
me generators and forcing it to all parts of the build¬ 
ing^ with blowers, together with sufficient air drawn 
m from the outside to keep conditions at the proper 
pomt^ In summer the generators are closed and 
their heat absorbed by air coolers, and fresh air after 
being properly conditioned is circulated throughout 
the entire binlding. In addition to the Ventilating 
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and lighting system there is a complete system of tile 
drains laid in the substructure walls to intercept 
seepage through them and convey it to a sump 
whence it isremoved by pumps. 

Waterwheels • 

Waterwheel equipment as selected for the Rock 
Island plant has been designed to enable the*pro¬ 
duction" of as much power as possible under a re¬ 
duced head, and at the same time to enable pperation 

* under normal conditions without an excessive de¬ 
crease in operating efficiency. These wheels wilf 
develop 21,000 hp, equivalent to normal generator 
capacity, under a head of 32 ft, although they are 
designed to operate efficiently under a head of 48 ft. 
Each wheel will produce about 9,500 hp under a 
20-ft head. 

The initial installation consists of 4 vertical shaft 
units rated 21,000 hp at 32-ft head. These wheels 
are of the propeller type, with adjustable vanes 

* selected because of the low and varying head condi¬ 
tions, and they constitute one of the largest installa¬ 
tions of Jhis type in the United States. The cast 
steel runners are 18.75 ft in diameter, are designed 
to operate at 100 rpm under heads varying from 
20 to 48 ft, and carry 6 vanes each. To maintain 
capacity as high as possible at low head, and ef¬ 


ficiency as high as possible at«high head, the vanes 
are adjustable by means of a geared operating shaft 
which extends up through the hollow turbine shaft to 
the coupling between the turbine apd the generator. 
Adjustments can be made only with the machine* at • 
rest, when changes may be made in from 5 to 10 min # 
with the aid of a portable air motor., To protect 
th@gear mechanism,from water th^e runner hub and* 
the gearbox are filled with a cup grease kept under 
high pressure. , 

The reinforced concrete scroll case for each wheel 
is directly connected to an intake opening in the face 
of the dam, and each opening is divided into 3 head- 
gate sections each 27 ft 11 in. high by 15 ft 4 in. 
wide. Closure of the intakes may be secured by the 
.insertion in each section of 2 steel gates fitted with 
rubber seals. Protection from drift is provided by 
trash racks made up of steel bars spaced on 12-in. 
centers and so arranged that electric heating may be 
used if required to combat ice. In addition to this a 
concrete curtain wall is placed upstream from the 
racks extending some 8 ft below minimum head¬ 
water level, serving effectively to fend off’floating 
logs and ice. 

The flow of water through the wheels is regulated 
by welded steel wicket gates 9 ft high, and ton- 
trolled by oil pressure governors whose flyballs are 
• gear driven from the turbine shaft. As is usual with 



• .. 


this type of turbine, the wheels are set below normal 
tailwater and for access to a wheel it is necessary 
that the draft tube be closed as well as the head- 
gates. Steel stpplogs are provided for insertion 
at the discharge from the draft tube and, with head- 
► gates and stoplogs in place, 2 vertical pumps each of 
. 5,000-gpm Rapacity are used for unwatering the 
scroll case and c^raft tube. The draft tubes ait of 
modified elbow design. • 

• 

Electrical Equipment 

• 

The* generators are of the umbrella type each with 
combined guide and thrust bearing below the rotor; 
each is rateji 16,667 kva, 13.7 kv, 0.90 power factor, 
60 cycles. Each stator has an over-all diam eter o£ 
28 ft 8 in. A closed recirculating type of ventilating 
system equipped with air coolers of the surface type is 
provided for each main generator. Welded steel con¬ 
struction is used throughout and the rotor is of es¬ 
pecially rugged construction to withstand the .run¬ 
away speed of 230 per cent of normal. Excitation is 
provided by 250-volt main and pilot exciters mounted 
on the top of each generator shaft, and voltage con¬ 
trol is secured by automatic rheostatic voltage regu¬ 
lators on each unit. The neutral of each generator 
is connected through an oil circuit breaker to a bus 
which is grounded through a resistor. • 

Each group of 2 generators is connected through 
their respective oil circuit breakers to a 13.8-kv 
bus from which power is fed through a transformer 
bank to a 110-kv transmission line. Each bank of 
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The Rock Island control board uses steel panels both 
front and rear. Indicating^eters and control switches 
0 . are "nounted on the front panels/ recording meters and * 
relays on the rear panels 

3 single^phase transformers has a ratine- of vn onn 

kva with self-cooled operation, and 5fi000 kvfwhh 

forced air cooling. Hieh-snUrf i ™ 

‘omS 1 A e iq U 8 wf bet 7 & ? the bus and the C' 

-connecting the Stub buses! should Stm* 
tons require it. All bus work includ^g S! 


transformer deltas are of copper bars and are housed 
in indoor concrete cells. Each of the 2 main trans¬ 
former banks is connected to an outgoing 110-kv line 
through a motor-operated disconnecting switch 
which is controlled from the switchboard and inter¬ 
locked with the oil circuit breaker on the low voltage 
side to prevent the disconnecting switch from being 
used to interrupt power. All generators, buses, and 
transformers have individual differential protection, 
but no overload. Directional ground, knd im¬ 
pedance .relays open the 13.8-kv circuit breakers on 
.the transformers in case of trouble on the transmis¬ 
sion fines. 

The control board is shown in one of the accom¬ 
panying illustrations. Individual panels are as¬ 
signed to each generator and to each transformer; 
2 panels are used for graphic frequency meters, total¬ 
izing meters, voltmeters, and special instruments. 
Control board wiring is carried on brackets along the 
edge of each panel and brought down to terminal 
blocks in a special box in the room directly below 
the board. Except where walls and mass concrete pre¬ 
vent, wiring is in exposed conduit, and a special room 
is provided below the electric bay for conduit racks. 

Because of the importance of auxiliary equipment 
in a station of this size, two sources of station power 
are provided. A 1,760-kva 460-volt vertical genera¬ 
tor driven by a propeller waterwheel rated at 2,100 
hp at 32-ft head is the primary supply; a 1,760-kva 
o-phase transformer provides a secondary supply 
from the 13.8-kv transfer bus. The 460-volt bus is 
sectionalized with automatic air circuit breakers to 
isolate any section that might be in trouble. All 
important auxiliaries are served by duplicate feeders 
energized from different sections and equipped with 
automatic throw-over switches. 

General Information 

i 

For the handling of the heavy generating equip¬ 
ment, 2 80-ton cranes are installed in the generator 

also a 15-ton auxiliary hoist, 
special lifting devices are used on the larger parts to 

a on . the headroom required for their handling. 
An 80-ton gantry crane with automatic blocks is 
used for operation of the crest gates and the head 
gates. Another 20-ton gantry is provided on the 
tailrace deck for setting the draft tube stoplogs. A 
75-ton transfer crane which traverses the building is 
used for handling material to and from the tailrace 
deck, and also for the transfer of materials aifd equip- 
ment from standard cars on the deck through a 

hatchway m the ceiling of the generator room to the 
noor below. 

To give an idea of the size of the project and the ' 
quoted”- 168 inV0 * red ' the following few figures are 

B 

Reservoir area. j*........ 

Total estimated excavation,. 

Total estimated concrete............. 

Total ultimate length of power house.. 

Total length of dam and abutments.... 


• 3,000 acres 
. 335,000 cu yd 
. 235,000 cu yd 
. 886 ft 

. 3,500 ft 


The imtiai development when completed will make 
available in an average water-year about 480,000,000 
kwhr, whereas the ultimate installation is Expected to 
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produce about 1,220,000,000 kwhr annually. This 
latter figure is equivalent to running the contem¬ 
plated 150,000-kw capacity continuously at full 
load for 93 ptr cent of the time. 

In addition to the more usual exploration and test 
borings on the dam site, and* observations and 
measurements of stream flow, a laboratory model of 
the entire dam site was made in order to check the 
flow condition and the discharge capacities of* the 
propose# structures. This model represented a 
6,000-ft stretch of river 3,000 ft wide and was made 
on a scale of 100 to 1. Upon this were built models # 


■* 

of the proposed dam and powei* house, and water in 
the proper amount was allowed to flow through these 
structures to give an index of the correctness of de¬ 
sign. Cofferdams also were included in the model 
experiment in order to determine in advance tie 
required height of the necessary cofferdam for both , 
channels of the river under the various flow condi-* ^ 
tiorfe that were to be expected during the construc¬ 
tion period. Observed water levels at the dam site 
resulting from construction of the actual cofferdam 
agreed closely with the advance expectations based 
upon the laboratory model experiment. 
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115-Kv Submarine Cable 
Crossing of the Columbia River 


By 

E. F. Pearson 1 
G. B. Shanklin 2 
W. R. Bullard 5 
S.»B. Clark 1 


' THE FIRST submarine installation of oil filled cables in 

this country has been made. It is a 115-kv cable crossing the 
Columbia River just north of the city limits of Portland, Ore. The 
selection of a nominal transmission voltage of 110 was determined 
by an economic analysis based on various schemes of delivering 
energy to load centers in the Portland area. Conditions were found 
favorable for laying the cable directly on the bed of the river without 
the digging of a trench. Three cables were laid 4 ft apart, and the 
•shore ends .above extreme low water were trenched in and covered 
with 4 ft of. sand. Oil filled cable was found to possess many 
advantages for this particular service and therefore was specified 
instead of cable with solid insulation. * 

The present paper, in addition to giving the reasons underlying 
the principal decisions regarding the cable, includes 3 section on the 
design and manufacture of the cable and accessories, a description 
of the design of features incorporated in the field installation, and 
the procedure followed in making the actual installation. Many 
unusual construction problems were encountered but by careful 
planning were solved successfully and operation of the cable undess 

1. Northwestern Electric Company, Portland, Ore. 

2. General Electric Company, Schenectady, N. Y. 

3. Electric Bond ahd Share Company, New York, N. Y. * 


^normal conditions since June 19, 1932, has been very satisfactory. 
Cable temperatures and oil level fluctuations have followed very 
closely the values calculated for varying load conditions. (A.I.E.E. 
paper No. 32-125) 


Thermal Transients and By 

Oil Demands in Cables »f. a Wollaston 6 


- SlNCE underground power cables almost always operate 

under variable loading, it is desirable to establish their allowable * 
carrying capacities on the basis of variable loading rather than upon 
the basis of some equivalent steady state loading, as is the present 
practise. For this purpose it is most useful to know what tempera¬ 
ture variations will occur at any point in the cable at any time due 
to an abrupt change from one constant load to another. Then any 
load curve can be handled with sufficient accuracy by breaking it 
up into a series of rectangular steps, and adding with proper time 
intervals the successive thermal transients. „ 

The fundamental equations were developed several years ago, 
but the numerical solution was too complicated and laborious to be 
of general practical value. A simplified method is presented in this 
paper, which employs calculating charts and other devices per¬ 
mitting exact and complete solutions to be obtained and verified 
in one day, in contrast to approximately one week as required by 
the former methods. The theory has been verified by measure^ 
ments on actual cables of the ordinary and oil filled type. In 
addition to solutions for temperature transients due to abrupt 
load changes, precise simplified solutions for the following related 
phenomena are given: 

1. Oil demands due to abrupt load changes in oil filled cables. 

. 2. Temperature transients and oil demands due to load variations of any kind, 
whether abrupt or otherwise, ». 

Although the methods described in this paper were developed for 
problems of single-conductor cables, they can be applied also directly 
to 3-conductor cables, using a per phase basis. Fof oil filled 3-con- 
ductor shielded cable with round* conductors, the accuracy will be 
excellent. If the conductors are sector shaped, good accuracy may 
be obtained by using the equivalent round conductors. For ordinary 

4. Utilities Research Commission, Chicago, Ill. 

5. Commonwealth Edison Company, Chicago, Ill. 
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3-conductor cable with sdlyi fillers and no shielding, the accuracy 
will be only fair. 

The duct temperature transient is of importance in problems of 
variable loading, but has not been adequately investigated; further 
work should be donef along this line. Some of the constants needed 
for use in thermal and oil-flow problems of cable insulation are 
relatively new; many of the values now in use for these constants 
^re based upo^ only a few scattered observations and further 
laboratory and field data should be obtained. (A.I.E.E. paper No. 
32-127) r r 


Traveling Wave - 
Voltag es in Cables 


By 

H. G. Brinton 6 
F. H. Buller 2 
W. J. Rudge, Jr. fl 


When a traveling wave on an overhead line reaches a 
cable, a wave of reduced voltage passes into the cable. This reduc¬ 
tion is due to the fact that the surge impedance of a cable is less 
than that of an overhead line. In a traveling wave the electro¬ 
static energy is equal to the electromagnetic energy, and the con¬ 
stants of a cable are such that the voltage of a traveling wave has a 
lower ratio to the current than in the case of a wave on an overhead 
line. After the wave enters the cable there are voltage and current 
reflections back and forth from each terminal. If the length of the 
original wave is great enough, there will be several superimposed 
waves at each point in the cable. The sum of these several waves 
wilrbe dependent upon the shape of the original wave as well as 
upon the reflections. 

The reflection at the cable terminal depends upon the surge 
impedances of the cable and of the connected line or apparatus. 
In this paper, calculated values of voltage are given for a range of 
surge impedance from 20 to 150 ohms, and line impedances 
of 300 and 500 ohms. The calculations include the case of similar 
lines connected to each end of the cable, and the case of a line con¬ 
nected to one end of the cable dbly with a free terminal at the other* 
this latter arrangement gives the higher voltage. The traveling 
wave is assumed to enter at the “near” end of the cable and the 
voltage at the “far” end is calculated, since in general the maximum 
voltage will be found at that end. Reduction of the wave by cable 

SJX ,S tests have shown ^e losses to be small in 

500-ft and 1,000-ft lengths of cable. 

Among the results brought out in this paper are the following: 


currents of lower power factor, the inductance component of .the 
impedance becomes the major parameter affecting the voltage regu¬ 
lation, and for a particular circuit and load, there is an optimum 
ratio of resistance to reactance. While the resistance per unit 
length of circuit is variable, depending only upon \he physical size 
of the conductor, the reactance per unit length is almost independent 
of the physical size of tfae conductors, and for a single circuit with 
cables, can be changed only by changes in cable construction. 

Thus in order to obtain a certain optimum ratio of resistance to 
reafitance for a circuit, there are in general 3 courses of attack; 
first, for a given physical size the reactance component may be 
changed by changing the cable construction (the uke of single 
conductor cable or multi-conductor cable employing either sector 
or concentric construction); second, by changes in the physical 
* size of the conductor; and third, by paralleling 2 or more circuits. 

The relative voltage regulations of the different types of cable are 
given in curves presented in this paper, and it is shown that the 
regulation efficiency (that is, the ampejes per 1,000 cir mils which 
will give one per cent voltage regulation per 100 ft on a 3-pliase 
4-wire 120-208-v circuit) improved with the smaller wire sizes of 
cable. It is further shown that the concentric type of cable has 
the greatest efficiency, the sector type the next best efficiency, and 
the single conductor the poorest efficiency, with the twin circuits 
of single conductor cable lying between the values for single con¬ 
ductor cable and sector type. These data are adjusted for cost of 
cable at the factory and installed in the field, and it is shown that 
of the sizes of cable usually found in practise, 500,000-cir mil con¬ 
centric construction provides the most economical means for trans¬ 
mitting low tension alternating current ..where the cajile is not re¬ 
quired to be worked alive. For cable mains, however, where it is 
necessary to work on live cables,^the use of twin circuit 4/0 single- 
conductor cables is the most economical. Various phase relations 
between the several conductors are discussed. Test results indi- 
cate dbse agreement with the calculated values. (A.I.E.E. paper 
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Pulp Insulation 
Jor Telephone Cables 


By 

H. G. Walker” 
L. S. Ford” 


^ Short wave fronts do not greatly affect the ultimate voltage resulting in th« 

This^ffifrJ 01 ^ 6 is greater for waves decrease more slowly with time 

This difference is more pronounced for the shorter lengths of cable 1 

s.isris sn?>” "*■*•*■ *•» 

A practical example is worked out in the paper, and sueeestiom 

mszstz&r* *° itait * 


Voltage Regulation of Cables 
Used for Low Voltage 
> A-C Distribution 


By 

H. R, Searing 7 * 8 
E. R. Thomas 7 


which is thermally adeauate w se * ectlon of * conductor size 
tion limits which will £?SiStotoST 1 S? the volta « e regula- 
combined lighting and power loads^e whefi 

Voltage regulation of a-c circnit««ie a t ca ^ ied on the same circuit. 

magnitude of 

wne power facto r, and the cir cuit impedance. With 

£ ~ — 

;* New York Edison CompanJ n£“yw£n”y N<SW York « N * Y * * 


- Pulp INSULATION is a new type of insulation that 1ms 
been developed to replace the well known spirally wrapped ribbon 
paper insulation in certain kinds of telephone cables. It consists of a 
continuous pulp«sleevmg formed directly on the wire by a modified 

pTO ? ess - . T . he raw material for this insulation is com¬ 
mercial Kraft pulp and its preparatory treatment in the beaters 

C °?“° tha df en * th * rCgular P*P<* making process. 

,T h , e machine used to apply this pulp to the wire is a modified single 

The eq * p P ed to insulate fi 0 wires simultaneously. 

aUowTh? ^ S f UPply Spools by means of flyers 80 as to 

aUow the brazm*. of the wire from a nearly empty spool to the wire 

Ton “STwW y l0Ca { te ? 1 P001 - ™ s oontmuous opera- 
i ' r ,, 1 ^ are to the machine through an electrolytic 

remOVa 3 of r . esidual drawing compound. The surface 
the mol$ or paper forming mechanism is divided into 60 narrow 

K? a * Way as J° f T . that many nairow shee?con 
tmuously. The wires are brought into contact with the mold in 

SU< ? that ^ Jt rotates and forms the sheets, a single wire is 

from £ mdd 6 ^ ^ r Tta,e ?* ets and « transferred 

teoiljh the presses for dewatering and eonsolidating andleS 
them to the polishers where the sheet is turned down by a rapidly 

^ *»“< o' the 

The major di fficulties in the process have been over come and the 
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ba$ic properties of the insulation have been determined. Equipment 
for the production of about 225,000,000 conductor feet per week has 
been provided and the entire output of 24 and 26 A.W.G. cables is 
being made in pulp. 

These cables We designed to the same size as the ribbon paper 
cables which they replace and compare favorably with them in their 
electrical characteristics except that the» mutual capacitance is 
w slightly higher. The impairment in transmission efficiency due to 
the higher capacitance is more than offset, however, by the lower 
first cost of the cable. 

Standardized installation practises are followed except that a 
boiling-out’compound softer and more lubricating than paraffin wax, 
is required, particularly at low temperatures. A suitable compound 
• * has been found by adding paraffin oil to wax in varying proportions 
depending upon the temperature at the point of splicing. The* 
anticipated savings have been realized in the operation of the com¬ 
mercial units and the further expansion of the uses of this insulation 
is being studied. (A.I.E.E* paper No. 32-122) 


Some Phases of Electrical Testing By 
in a Rubber Covered Wire Plant w. m'S"*" 

Development of new machines and processes for 
the manufacture of rubber covered wire made possible “straight 
line” production methods, with the elimination of process stocks 
and storage. However, the advantages of this method of produc¬ 
tion were reduced by the fact that the standard water test applied 
to the finished wire did not lend itself to this method of production. 

With this process a stock of wire must be kept in the test tanks 
for a minimum 12-hr period, and stored in racks for an additional 
drying period. This requires stocks of process material, and in 
addition, the water test equipment requires a relatively large area; 
also separate equipment is necessary for coiling the tested wire. 

A combined testing and coiling machine therefore was developed 
which wound the wire in coils ready for shipment and simultaneously 
furnished an electrical insulation test of the dry or “spark” type. 
The “spark” test involves the impression of a relatively high a-c 
voltage upon the insulation of the wire under test, with its conductor 
grounded. The entrance of a defect into this high voltage zone 
permits a flashover which actuates control apparatus to give an 
audible and visual signal and to stop the passaged the wire. 

The circuit consists fundamentally of a specially built low power 
transformer with a condenser in the high voltage circuit to boost the 
commercial frequency to several hundred cycles when this circuit 
is closed suddenly. The signal and control apparatus is connected 
in the low voltage circuit. The voltage is impressed on the wire 
by means of an electrode approximately 5 ft long through which 
the wire passes, and the defect is located accurately for patching 
or removal by means of a small fault locator or electrode which is 
placed beyond the testing electrode. 

Results of comparative checks on a large quantity ofVire over an 
.extended period indicated that the “spark” test performed more 
consistently than did the comparable water test. It is apparent 
that wider application of this method may be made by the entire 
rubber covered wire industry. (A.I.E.E. paper No, 32-KO) 


plant represents about 25 per cent of total plant investment in 
these areas. 

The type of cable distribution whether underground, aerial, 
attached to building walls, or located in b u i lding s, depends generally 
upon the character of the area to be served arid the station density. 
A complete system of records continuously maintained is an essen¬ 
tial in the design of the distributing plant. The more important 
features of economical design include the gage Requirements foy 
transmission, the provision of facilities to care for existing business, 
and sufficient spare at the proper locations to care for reasonable 
expectations of growth. 

The uses of telephone cable for distribution purposes in typical 
metropolitan areas, such as Baltimore and Washington, is outlined 
in this paper, including some historical background as to the develop¬ 
ment of cable and the part it takes in the present over-all plant 
investment. The division of metropolitan areas into central office 
areas and the various types of distribution are discussed. The 
engineering procedure followed in the design of cable distributing 
plant to provide economically a metallic cable circuit of satisfactory 
transmission quality for each subscriber’s line to connect with the 
central office, involves the consideration of many factors. (A.I.E.E. 
paper No. 32-121) 


Safe Harbor Project 


By 

*N. B. Higgins 13 


DELIVERY of power to Baltimore, Md., from the first 
unit of .the Safe Harbor hydroelectric plant on the Susquehanna 
River, began December 7, 1931, 20 months and 7 days after active 
work was started on the project site—an outstanding achievement 
'in the annals of hydroelectric construction. The drought that pre¬ 
vailed during the construction period and the absence of high floods 
were important contributary factors to the speed with which the 
work was executed. In an average year, the Saf§ Harbor plant 
will generate over 800,000,000 kwhr, resulting in an annual coal 
saving in excess of 500,000 tons. , 

In the lower Susquehanna basin between Columbia, Pa.? and the 
Chesapeake Bay, there is a difference of elevation of about 227 ft. 
The initial development, now known as the Holtwood project, went 
into operation in 1910, and left available for future development a' 
fall of about 100 ft below and 57 ft above Holtwood. The lower 
development, commonly known as the Conowingo* project, was 
constructed and went into operation in 1928. The development 
.of the head between Holtwood pool and Columbia, known as the 
Safe Harbor project, is the subject of this paper. 

The various features in connection with this projecR are discussed 
in detail. These include the reservoir conditions, hydraulic struc¬ 
tures, forebay, power house, and electrical features. A major prob¬ 
lem in electrical design at Safe Harbor has been to provide a flexible 
layout which will permit the installation as required of equipment 
for generation, transformation, and transmission at 60 cycles 
3-phase, and 25 cycles single-phase. The plant is of the most 
modern design throughout, incorporating many novel features. 
(A.I.E.E. paper No. 32-;123) « 


,Use of Cables for By 

Telephone Distribution Purposes h. a. Russell 10 


TELEPHONE GABLES containing large groups of 
insulated conductors in a common sheath have been developed 
rapidly since 1882; previous to that time all tdephone distribution 
was by means of overhead wire plant. The present maximum sized 
cables in use contain 1,818 pairs of 26-gage conductors in a sheath 
having an outside diameter of 2*/7 in. The increase in the amount 
of cable in plant* during the past decade in certain metropolitan 
areas, such as* Baltimore, Md., and Washington, D. G., has teen 
over 100 per ceiit, and at the prepent time the value of the datfle 


Safe Harbor-Westport 
230-Kv Transmission Line 


By 

E. Hansson 13 


3>AFE HARBOR development will have an ultimate 
capacity of 610,000 hp, a large portion of which will be available for 
Baltimore. During certain periods Baltimore-will be dependent 
primarily Upon this Safe Harbor power; therefore, reliability o£ 
transmission, is of the utmost importance. The selection of the 
operating voltage was made only after a thorough investigation of 
the relative economic and reliability factors involved, the possibility 
of future interconnections, and system stability. Studies made in 
conjunction with the engineers of the Consolidated Gas Electric 
Light and Power Company of Baltimore covered a comparison of 
2 23-kv circuits with 6 110-kv circuits. These studies also tn- 

13. Pennsylvania Water & Poww Company, Baltimore, Md. 
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eluded investigation of sufih problems as terminal location, 2-point 
versus single-point supply, tne use or omission of high voltage buses, 
and amount of synchronous condenser capacity required. An a-c 
calculating board was employed to check the results obtained by 
analytical methods. • 

The decision was made finally in favor of the higher voltage as 
» offering lower cost, greater reliability, and greater possibilities for 
interconnection.^ Voltage regulation on the city network and 
* control of short-circuit currents made power delivery to each side 
of the city advisable.* * * 

A brief description of the design of the Safe Harbor 230-kv traift- 
mission lines is presented in this paper. Attention is called to the 
separate routes of the 2 lines connecting the generating plant with 
the load center at Baltimore. The lines are the most heavily insu¬ 
lated so far constructed, ‘and the ground wire protection has been 
applied‘according to the latest theory. Special effort has been 
made to reduce tower to ground resistances. Conductor tension 
has been kept low and armor rods are used at all suspension joints 
to guard against vibration troubles. The type of concrete anchors 
used lessens construction costs and facilitates erection of towers. 

After comparing various designs, a 795,000-cir-mil A.C.S.R. 
conductor was chosen. Much has been said about the frailty of 
A.C.S.R. and about the precautions needed to protect it against 
damage. The Safe Harbor line was strung without any special 
safeguards, yet it stands completed with only 3 repair sleeves, and 
2 of those could have been left off. (A.I.E.E paper No. 32M16) 


in Europe, power sites that could be developed economically by £he 
use of conservative Francis-type turbine are diminishing rapidly. 
Many of the remaining low head sites can be developed only by the 
use of more economical methods; that is, by turbines of the propeller 
and, particularly, the Kaplan type. Kaplan turbines have been 
in commercial use only for the past few years, the uni ts at the Safe 
Harbor plant being air*>ng the largest of this type. It is stated 
that the development of this type of turbine was accomplished 
entirely in Europe. 

VStfious types of low head turbines are discussed in this paper, 
including the various theoretical and practical considerations which 
must be given each installation. Comparisons of European and 
American designs are given and future trends are indicated. It is 
stated tha{ the runner blades and, in general, all parts of the runner 
• which come in contact with flowing water in the Kap lan units at 
the Ryburg-Schworstadt plant,^Germany, are machined and polished. 
In contrast to this the steel castings smoothed only by hand or by 
emory wheels at Safe Harbor probably ^ represent a lack of proper 
machining equipment in the United States. The low setting of the 
center line of the runner at Safe Harbor, that is, 6 ft below normal 
tail-water elevation, probably is due partly to this deficiency. The 
paper indicates future trends in design. (A.I.E.E. paper No. 
32M15) 


Reception and Distribution of Safe 
•Harbor Energy in Baltimore a . s. Loizeaux 18 . 


Energy from the Safe Harbor development was first 
received in Baltimore during December 1931, and at once took an 
important place in the energy .supply of this city. Baltimore has 
both 25-cycle • and 60-cycle loads, the m axim um 25-cycle load 
. recorded being 125,400 kw, the maximum 60-cycle load being 
^ 104,800 kw, and maximum simultaneous load on both frequencies 
being 188,200 kw. The 25-cyde frequency was originally chosen 
for industrial purposes and for the operation of rotary converters, 
although ih fecent years growth on this frequency has been held 
back. Shortly after completion of the Safe Harbor-Westport 
transmission line the frequency at Baltimore was changed from 
. the former value of 62 1 /* cycles to 60 cycles, and the older frequency 
changers were shut down. One 30,000-kw frequency changer at 
Westport now takes ^are of all energy interchanged between these 
» 2 systems. The characteristics and control of this frequency 

changer are described in the paper. 

A bank of surge proof transformers of 126,000-kva capacity step 
down the Safe Harbor energy from 230 kv to 33 kv in a new out¬ 
door substation. This 33-kv system ties into the 2 principal steam 
generating stations in Baltimore, and through them to the trans- 
nflssion system, chiefly of 13 kv, extending to Baltimore substations 
and surrounding territory. The main features of these trans¬ 
mission systems are described in the paper. (A.I.E.E. paper No. 
32-126) 


Safe Harbor 
Kaplan Turbines 


By 

L. M? Davis 18 
G. W. Spaulding 18 


Low Head * 

* Hydroelectric Developments 


By 

A. V. Karpov 14 


T he DESIGN of an up to date low head hydroelectric 
power plant requires a thorough understanding of the ideas and 
theories that have originated within the past few years in connection 
mth siich developments. The present paper is an attempt to review 
the latest work and to show some of the changes that have been 
made m the design of low head plants. 

In the eastern part of the United States, and to a greate r extent 

14. Aluminum Company of America, Pittsburgh, Pa. 

15. Consolidated Gas, Electric Light and Power Company of Baltimore* Md. 
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One of the numerous features of more than usual interest 
at the Safe Harbor hydroelectric development is the application of 
the Kaplan type of automatically adjustable blade propeller turbine. 
This type of turbine is used in all 6 units of the initial installation, 
each unit rated at 42,500 hp under a rated head of 55 ft. Safe 
Harbor is the first installation in America of Kaplan type turbines 
of large capacity, although they have been used for low head de¬ 
velopments in Europe since 1919. 

Many new and interesting problems arose in connection with 
these Safe Harbor turbines requiring, as with any pioneering develop¬ 
ment of this magnitude, an unusual amount of experimental and 
engineering study involving not only the hydraulic and mechanical 
design of the plant but affecting the structural and electrical design 
as well. The absence on this continent of a hydraulic tpgting 
laboratory in which cavitation tests could be made resulted in the 
construction of such a laboratory at Holtwood, Pa., adjacent to the 
Holtwood hydroelectric plant. 

In addition to describing the laboratory at Holtwood and the 
tests carried out there, the paper includes the reasons for installing 
Kaplan units at Safe Harbor, together with a description of these 
units. In the laboratory, particular attention was given to cavita¬ 
tion, the phenomena resulting when a vacuum is formed under the 
runner blacfe. Tests on a complete model of the Safe Harbor 
intake, scroll case, wheel setting, runner, and draft tube, were made 
to determine within very close limits the highest elevation at which" 
the runner could be set without danger of serious cavitation, for 
the maximum ttybine power desired. 

After deciding upon the general design of tube, further studies 
were carried out along 3 lines: First, the determination of the most 
economical length of the horizontal section of the tube; second, 
the determination of the maximum upward turn of this horizontal 
leg which could be considered without sacrificing efficiency; and 
third, the determination of the proper area at the discharge end or 
the tube. 

The test prograift has resulted in numerous improvements in 
operating performance, and savings in construction costs. Engi¬ 
neers of the 2 turbine manufacturers cooperated in jointly developing 
and manufacturing turbines of identical design wherein practically 
all replaceable parts are interchangeable; 

The first 6 months of actual performance indicate that the pre¬ 
diction of the cavitation limits is reasonably close, although a con¬ 
siderably longer period will be necessary definitely to establish a 
^lose correlation between laboratory and field results. (A.I.E.E. 
paper No. 32-124) A 

1§. Safe Harbor Water Power Corporation, Baltimore, Md. ° 
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Safe Harbor development on the Susquehanna River. This plant of the Safe Harbor Water Power Corporation will be visited during the coming 
Middle Eastern District meeting of the Institute in Baltimore, Md., October 10-13, 1932, and is the subject of several interesting papers to be 
presented. Six Kaplan type turbines, each rated 42,500 hp under a head of 55 ft, are installed in this plant and are the first large Kaplan type 

units to be installed in this country . 
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Baltimore Meeting Program 

!% * 

Includes Interesting Features 


r 

whf ABLES both for power and for tele¬ 
phone use, and hydroelectric developments 
with particular reference to the Safe Harbor 
plant of the Safe Harbor Water Power 
Corporation on the Susquehanna River, 
are the outstanding features of the technical 
program arranged for the Institute’s Middle 
Eastern District meeting to be held in Balti¬ 
more, Md., October 10-13, 1932, with 
headquarters in the Lord Baltimore Hotel. 
Inspection trips and entertainment features 
round out the program and, assure a worth 
while meeting in this most interesting city. 

Technical Sessions 

Four technical sessions will be held during 

* the meeting. The first session is under the 
joint auspices of the A.I.E.E. and the 
National Research Council, with Dr. J. B. 
Whitehead presiding; it will deal with 
timely cable problems, namely, economics, 
thermal transients, and traveling wave 
voltages. Also, the paper describing the 
Columbia River 115-kv oil filled submarine 

• cable installation is of particularly note¬ 
worthy interest. 

The second session will present a group 
of papers on design, fabrication, test, and 
use of telephone cables, and should prove 
of wide interest. The third and fourth 
sessions will treat waterpower development 
with particular reference to the Safe Har¬ 
bor plant, including transmission and 
utilization of the energy; they will also 
describe the research activities at the Holt- 
wood hydraulic ^laboratory that culminated 
in the design of the turbine at Safe Harbor 
for operation*at high efficiency under 
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partial load and with variable head. The 
generating units at Safe Harbor, each rated 
at 42,500 hp, represent the first installation 
of Kaplan type turbines of large capacity 
in America. 

«,The National Research Council com¬ 
mittee on electrical insulation has arranged 
an informal session at which results of 
recent research in the, field of dielectrics 
and insulation will be discussed. 

Inspection Trips 

Among the inspection trips which have 
been arranged to various manufacturing 
plants,* are those to the Bethlehem Steel 
Company’s mills at Sparrows Point, the 
refinery and wire mill of the American 
Smelting and Refining Company, and the 
telephone cable plant of the Western 
Electric Company. A trip also will be 
made to the works and high voltage labora¬ 
tory of the Locke Insulator Company 
where there will be a special demonstration 
involving 3,000-kv lightning impulses, and 
1,000-kv 60-cycle waves. A special ex¬ 
cursion will be made to the Safe Harbor 
• hydroelectric plant where , the Kaplan 
turbines, step-up substation, 230-kv river 
crossing, and other interesting details 
maj* be inspected. 

Other Features 

Baltimore has so much of general and 
historic interest to qfier visitors that a sight¬ 
seeing and entertainment program of un¬ 
usual interest will be provided, including 
for the women a trip to Anhapolis, the 300- 

m 
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yr old capital of Maryland which ^till 
retains much of the charm of Colonial days. 
Golf and tennis features also have been 
arranged in abundance. Full details* of 
the entertainment features planned for the 
meeting will be given in the program folder 
now being prepared. Hotel registration 
cards will accompany this fblder. 

A meeting of the board of directors will 
be held on October 13, 1932, in connection 
with this meeting. 

Committees 

The committees handling ^ the various 
phases of the work in connection with the 
Baltimore District meeting are as follows: 

District Meeting—W. B. Kouwenhoven, chairman, 
vice-president, Middle Eastern Dist.; G. S. Diehl, 
secretary; A. F. Bang, F. A. Connor, K. A. Hawley, 
C. N. Johnson, L. G. Smith, J. T. Walther, and 
G. L. Weller. 

General—K. A. Hawley, chairman; J. Wells, 
secretary; J. R. Baker, A. F. Bang, G. S. Diehl, 
R. C. Faught, A. Hughes, W. B. Kouwenhoven, 
W. O. Peale, A. L. Penniman, Jr., and L. G. Smith. 
Papers—A. F. Bang, chairman; J. R. Baker, W. B. 
Kouwenhoven, J. L. D. Speer, and J. B. Whitehead. 
Hotel and Registration— L. G. Smith, chairman; 
J. M. Barry, C. A. Brunner, F. Hamburger, and 
J. L. Hildebrandt. 

Banquet and Entertainment—W. O. Peale, chair¬ 
man; G. S. Diehl, R. C. Faught, C. S. Fiske, D, G. 
Howard, R. H. Lang, A. J. Pates, and C. V. O. 
Terwilliger. 

Transportation and Inspection—Adrian Hughes, 
chairman; E. W. Jahn, G. R. Page, A. Rusk, and 
I. B. Yeakle.* 

Printing and Publicity—A. L. Penniman, Jr., 
chairman; J. H. Davis, A. Hughes, R. L. McCoy, 
and J. Wells. ♦ 

Golf—F. E. Ricketts, chairman; G. H. Gilbert and 
C. V. Woodward. 

Finance—W. H. Meese, chairman; F. A. Allner, 
C. M. Cohn, J. H. Davis, and F. J. Irish* 

Ladies—Mrs. J. B, Whitehead, chairman; Mrs. 
F. A. Allner, Mrs. D. G. Howard, Mrs. W. B. 
Kouwenhoven, Mrs. I« G. Smith, Mrs. C. V. O. 
Terwilliger, Mrs. R. L. Thomtfs, and Mrs. John 
Wells. . 

Program 

All technical sessions will be held in the 
Lord Baltimore Hotel and are scheduled 
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on eastern standard tinoe. Abstracts of 
all papers which at the time of this issue 
were definitely scheduled for presentation 
at the Baltimore District meeting are pre¬ 
sented in this issue'of Electrical Engi¬ 
neering, p. 659-62. 

• 

.Monday, October 10 

9:00 a.m.—Registration r r 

2:00 p.m.—Cables—A Joint Session of the A.I.E.E. 
and the Rational Research Council, Dr. J. B. 
Whitehead, presiding 

The Columbia River 115-Kv Oil Filled 
Submarine Cable, E. F. Pearson, Northwestern 
Electric po., G. B. Shanklin, General Electric Co., 
W. R. Bullard, Electric Bond and Share Co., and 
S. B. Clark, Northwestern Electric Co. 

Thermal Transients and Oil Demands in 
Cables, K. W. 'Miller, Utilities Research Com¬ 
mission and F. O. Wollaston, Commonwealth 
Edison Co. 

Voltage Regulation of Cables Used for 
Low Voltage A-C Distribution, H. R. Searing, 
The United Electric Light and Power Co. and The 
New York Edison Co., and E. R. Thomas, The 
United Electric Light and Power Co. 

Traveling Wave Voltages in Cables, 
H. G. Brinton, F, H. Buller, and W. J. Rudge, Jr., 
General Electric Co. 

Tuesday, October 11 

9:30 a.m.—Telephone Cables—J. L. Dawson 
Speer, presiding 

Some Phases of Electrical Testing in a 
Nstf Rubber Covered Wire Plant, C. W. Protz- 
man and W. M. Hill, Western Electric Co., Inc. 

Pulp Insulation for Telephone Cables, 
H. G. Walker, Western Electric Co., Inc., and 
L. S. Ford, Bell Telephone Laboratories, Inc. 

Use of £ablbs for Telephone Distribution 
Purposes, M. C. Rose and H. A. Russell, The 
Chesapeake and Potomac Telephone Company of 
Baltimore City. . 
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T i e J? arr °!* s P° int / Mdy plant of the Bethlehem Steel Company may be inspected by those 
attending the coming Middle Eastern District meeting of the Institute, October 10-13 1932 
Above is shown a general view of the motor room of the 27- 24- 21-in. continuous skelp 
and sheet bar mill in the Sparrows Point plant 


tinned at the engineering school of The Johns 
Hopkins University. 

Thursday, October 13 

„ • • 

Excursion to the Safe Harbor Plant 

Note: Arrangements will be made for those 
desiring to return home promptly to connect with 
through trains at junction points. 

Rules on Presenting 
and Discussing Papers • 


are in 3 bound volumes, 2,500 pages with 
600 illustrations, are published by the 
International Conference, Avenue Marceau, 
54, Paris, France, and cost 380 fr. Vol. 1 
deals with generating and transforming 
equipment, vol. 2 with transmission lines, 
and vol. 3 with network operation, protec¬ 
tion, and interconnection. 


• Tuesday Afternoon 

A session of the committee on electrical insulation 
of the National Research Council, Dri J. B. White- 
head, chairman „ tq*be held at the school of engi¬ 
neering of Trie Johns Hopkins University. In this 
session the results of recent research in the field of 
dielectrics and insulation will be presented. In¬ 
formal reports of progress will be presented by 
' manufacturers, scientific societies, and govern¬ 
mental and university laboratories. 

Wednesday, October 12 

9:30 a.m.—Safe Harbor Development—A. F 
Bang, presiding 

*Ecohpmic Aspects of Water Power, F a 
Allner, Pennsylvania Water and Power Co. 

B - H! Se» ns . Pennsyl¬ 
vania Water and Power Co. 

Linr P E H ^n° R ' W D S ” OR , T 230 ' Kv Transmission 
Line, E. Hansson, Pennsylvania Water and Power 

as* 

SS&S ■— "•* - 

2:00 p.m.—Safe Harbor Development -J r 

Baker, presiding R ' 

kpw Hbab Hydroelectric Developments 
A. V. Karpov. Aluminum Company of America. ’ 

„ Saf e Harbor Kaplan Turbines—Design n. 
Setting and Cavitation Limit as Dsvbt 

■« ™ Holwooo HvoJSc lSSS? 

Wednesday Afternoon 

The meeting of the National Research r n „ nmM 
committee on electrical insulation, W5» be cS 

* These papers are under consideratirm 
entation at the Middle Easton ZJF**’ 

but up to date of going to press 
Officially placed upon the progr am . " 0t beea 
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At the technical sessions papers will I 
presented in abstract, 10 minutes beii 
allowed for each paper Unless otherwi 
arranged, or the presiding officer mee 
with the authors preceding the session 1 
arrange the order of presentation at 
allotment of time for papers and discussioi 

Any member is free to discuss any papi 
when the meeting is’thrown open for generi 
discussion. Usually 5 minutes are allowe 
each discusser. When a member signifii 
a desire to discuss papers on other subjed 
or p-oups, he shall be permitted a 5-mii 
period for each subject or group. 

It is preferable that a member who wishe 
to discuss a paper give his name Wore 
hand to the presiding officer of the sessio 
at which the paper is to be presentee 
Copies of discussion prepared in advaric 
should be left with the presiding* offiepi 
Each discusser !b to step to the front of th 
room and announce, so that all may hear 
his name and professional affiliations 
Discussions at the technical sessions an 
not reported. To be considered for publi 
cation, discussions should be written an< 
mailed to the A.I.E.E., Editorial Depart 
ment, 33 West 39th Street, New York 
N. Y., on or before Oct. 28, 1952. 


1931 Proceedings bf International Co 
ference Published.—The full proceedin 
of tiie 1931 session of the Internatior 
Conference on Large High Tension Electi 
Systems, held under the auspices of t 
International Electrotechnical Commissio 
has just been published (m French). Thi 


r 


Pacific Coast 
Convention Reports 

The Pacific Coast convention of the 
Institute being held at Vancouver, B. C., 
August 30 to September 2, 1932, cannot! 
of course, be reported in this issue of 
Electrical Engineering, but a general 
news story covering convention activities 
is scheduled for the October issue. It is 
hoped also that written discussion of the 
Pacific Coast convention papers will be 
mailed to the A.I.E.E. editorial department, 
33 West 39th Street, New York, N. Y., in 
sufficient time and in sufficient quantity to 
warrant the presentation of a review of ' 
discussion in the October issue; written 
discussions are due in New York on' or 
before Sept. 16, 1932. 

The program of the Pacific Coast conven¬ 
tion was announced in Electrical Engi- 
neering for July 1932, p. 518-9, and ab¬ 
stracts of all papers then scheduled for 
presentation were given in Electrical ' 
Engineering for August 1932, p. 583-6. 


Construction Reports for 1929.—Census 
reports of construction figures, compiled 
from data gathered in the census of dis¬ 
tribution for the year 1929, show the 
construction business of the contractors in 
various states for that year. These con¬ 
struction reports are now, available for a 
number of states, and are being compiled 
for remaining states. - > 
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Tt^e bulletins are obtainable from the Super¬ 
intendent of Documents, Government Print¬ 
ing Office, Washington, D. C., for a nominal 
cost. 

• 


A.I.E.E. Directors Meet 
at Institute Headquarters 

a 

The regular meeting of the board of di¬ 
rectors of the American Institute of Elec¬ 
trical Engineers was held at Institute head¬ 
quarters, New York, N. Y., on Tuesday, 
August 2, 1932. * 

Present were: President —H. P. Charles- 
worth, New York, N. Y. Past-presidents — 
W. S. Lee, Charlotte, N. C.; C. E. Skinner, 
East Pittsburgh, Pa. Vice-presidents —K. 
A. Auty, Chicago, Ill.; W. E. Freeman, 
Lexington, Ky.; W. B. Kouwenhoven, 
Baltimore, Md.; E. B. Meyer, Newark, 
N. J. Directors —L. W. Chubb, East 
Pittsburgh, Pa.; A. B. Cooper, Toronto, 
Ont.; A. E. Knowlton, New York, N. Y.; 
G. A. Kositzky, Cleveland, Ohio; A. H. 
Lovell, Ann Arbor, llich.; C. E. Stephens, 
New York, M. Y.; A. C. Stevens, Schenec¬ 
tady, N. Y.; R. H. Tapscott, arid H. R. 
Woodrow, New York, N. Y. National 
Treasurer —W. I. Slichter, New York, N. Y. 
Acting National Secretary —H. H. Henline, 
New York, N. Y. 

The minutes of the directors meeting of 
June 22, 1932, were approved. 

A report of a meeting of the board of 
examiners held July 27,1932, was presented 
and approved. Upon the recommendation 
of tfiat board, the following actions were 
taken upon pending applications: one 
applicant was transferred to the grade of 


Fellow, 4 applicants were elected to the 
grade of Member and 19 were transferred 
to the grade of Member; 31 applicants were 
elected to the grade of Associate; 11 
Students were enrolled. 

Announcement was made of the com¬ 
mittee appointments made by the president 
for the administrative year begi nn in g 
August 1, 1932, and various representatives 
were appointed* by the board. (The list 
of committees and representatives is given 
in this issue of Electrical Engineering, 
p. 07JB-681.) 

In accordance with the by-laws of the 
Edison Medal committee, the board con¬ 
firmed appointments to the committee 
made by the president, as follows: D. C. 
Jackson, chairman for .the year beginning 
August 1, 1932; Gano punn, S. P. Grace, 
and C. E. Stephens, for terms of 5 years 
each. Also, the board elected from its own 
membership to serve for terms of 2 years 
each: J. Allen Johnson, A. E. Knowlton, 
and R. H. Tapscott. 

In accordance with the by-laws of the 
Lamme Medal committee, the board con¬ 
firmed the following appointments by the 
president: P. L. Alger, H. B. Gear, and 
C. E. Skinner, for terms of 3 years each; 
C. E. Skinner, to serve as chairman for the 
year beginning August 1, 1932. 

Local honorary secretaries were re- 
appointed for the 2-yr term beginning 
* August 1, 1932, as follows: V. J. F. Brain, 
for Australia; W. Elsdon-Dew, for Trans¬ 
vaal; A. S. Garfield, for France. 

Various matters were discussed and 
referred to appropriate committees for 
consideration and recommendation. 

Decision was made to hold the October 
meeting of the board of directors in 
Baltimore, Md., on October 13, 1932, 


>» _ , 

during the MiddletEastern District meeting, 

Other matters* were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 


Engineering Board * 
Appointed for R.F.C. 

President Hoover (HM'29) has named 
the board of engineers which is to pass 
upon the engineering adequacy of projects 
for which applications for loans are made to 
the Reconstruction Finance Corporation. 
The board of 6 members consists of Charles 
D. Marx, chairman; John t F. Coleman, 
John Lyle Harrington, John 13. Gregory, 
Herbert G. Moulton, and Major-General 
Lytle Brown. The chairman of the board 
was selected by the president and the other 
members were selected from a list submitted 
by American Engineering Council. 

Each major geographical division of the 
country is represented on tlje board, and 
consideration was given the expedience of 
the members along the lines, that most of 
the applications for loans are expected to 
cover. The chairman, Charles D. Marx, 
is professor emeritus of civil engineering* at 
Leland Stanford University, Calif., and 
occupied the chair of civil engineering,at 
that institution from its establishment in 
1891 until his retirement in 1923. He has 
done considerable consulting work and has 
served as chairman of the state water com¬ 
mission of California. He is an honorary 
member and past-president of the American 
Society of Civil Engineers. * 

John F. Coleman, New Orleans, Ala., 
has been in consulting engineering practise 
in that city since 1900, specializing in river 
and port projects, land reclamation, and 
railroad and utility vahfatibn- He at 
one time was principal assistant city engi¬ 
neer of New Orleans, and also is a past- 
president of the American Society of Civil 
Engineers. . „. 

John Lyle Harrington, Kansas City, Mo., 
is a member of the consulting engineering 
firm of Harrington & Cortelyou, Kansas 
■ City. Since his graduation from college in 
1895, he has been active in bridge work, 
and for the past 25 years he has carried on a 
consulting and designing practise. He is a 
past-president of The American Society of 
Mechanical Engineers. 

John H. Gregory, Baltimore, Md., is a 
consulting engineer and professor of sanitary 
engineering at Johns Hopkins University. 
He has been in sanitary engineering work 
since his graduation in 1895, first in Boston 
with the ^metropolitan sewerage com¬ 
mission and the metropolitan water board, 
and subsequently in private practise in New 
York and Baltimore. ' 

Herbert G. Moulton, New York, N. Y., 
is a consulting engineer specializing in 
reports for banking interests on railroad 
and mining operations and finance. Dur¬ 
ing the War he served with the war indus¬ 
tries board, and from 1915 to 1920 was 
advisor to the Public Service Commission 
of New York on timbering in the New York 
siibways. 

Lytle Brown, chief of engineers, U.S; 
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Substation at the Baltimore, Md., end of the transmission line from t})« Safe Harbor plant on 
the Susquehanna River. Energy Is transformed from 230 kv to 33 kv at this substation, and 
distributed at the latter voltage to other substations located at load centers. This substation Army since 1929/ is an ex-officio member 

may be visi|ed*during the Middle Eastern District meeting in Baltimore, Md., 'October 10-13 of the boafd. He has had wide experience 
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in government work, both in the engineer 
corps and on the general s&ff of the Army, 
and is well known for his unusual executive 
ability. 


Prominent'Civil 
Engineer Dies 

Charles 'Warren Hunt, who was secretary 
if the American Society of Civil Engineers 
from 1895 to 1920, and* then upon retire¬ 
ment from active service was elected secre¬ 
tary emeritus of that organization, died on 
July 23, 1932. He was bom in New York, 
N. Y., in 1858, the son of an eminent law¬ 
yer, and in 1876 was graduated from a civil 
engineering course at New York University. 
In 1909 his alma mater conferred the 
honorary degree of doctor of laws upon him. 

After a few years in varied engineering 
positions, Mr. Hunt was appointed assis¬ 
tant secretary and librarian of the A.S.C.E. 
in 1892, and ih 1895 became national secre¬ 
tary of that organization. In this capacity 
he was untiring in his efforts to promote the 
good of the engineering profession, and 
majjy important accomplishments may be 
attributed to him. 


Lincoln Arc Welding Prize Award.—A jury 
under the direction of Prof. B. E. Dreese 
(M’25) of Ohio State University, Columbus, 
awarded the prizes for papers in the second 
arc weeing prize competition sponsored by 
The Lincoln Electric Company of Cleve- 
. land, Ohio. First prize of #7,500 was 
awarded to Lt.-Com. H. N. Wallin, U.S.N., 
and Lt. H. A. Schade, U.S.N., jointly for 
their paper ‘‘The Design and Construction 
of an Arc*Wel<fed Naval Auxiliary Vessel.” 
Second prize of #3,500 was awarded Maj. 
G. M. Barnes, U.S. Army, for his paper 
• "Manufacture of Ordnance at Watertown 
Arsenal Revolutionized Through Arc Weld¬ 
ing.” The third prise of #1,500 was won by 


H. H. Tracy (A’26), of the Southern Cali¬ 
fornia Edison Company, Ltd., Los Angeles; 
the fourth prize of #750, by G. F. D. Wahl 
and H. E. Johns, Kiel, Germany; fifth prize 
of #500, by H. J. L. Bruff, Harrogate, En¬ 
gland ; and the sixth prize of #250, by W. H. 
Zorn, Wyandotte, Mich. Thirty-five ad¬ 
ditional prizes of $100 each were awarded to 
writers of papers showing the application of 
and saving podlible by arc gelding in every 
industry. Check? for the amounts of the 
3 largest prizes were "written” on Vs in. 
sheet steel; all information on the checks 
was arc welded, a submachine gun being 
used for cancellation. • 


Fast Escalators Move 
London Subway Crowds 

Increasingly heavy traffic in the London, 
England, subways recently has rendered 
inadequate the type of escalators previously 
used. Improvement plans of the London 
(Underground) Electric Railway Company, 
Ltd., required an escalator which would be 
capable not only of vertical rises higher 
than those possible with the present stand¬ 
ard escalator, but also capable of higher 
speeds to permit a more rapid handling 0 f 
passengers. This resulted in designing and 
building a new escalator suitable for a maxi¬ 
mum vertical rise of 90 ft., capable of a 
speed of 180 ft. per min. (twice that of the 
old escalators), and computed to be capable 
of handling 16,000 persons per hr (ojf 
double the number of the old). 

A sample machine first was erected and 
put into operation in the Otis Elevator 
Company’s works at Harrison, N. J. After 
the usual tests it was inspected by the engi¬ 
neers of the London (Underground) Elec¬ 
tric Railway Company, Ltd., and 51 ,pf 
these new machines were ordered. They 
are to be installed at various subway sta¬ 
tions in London, and for vertical rises of 
from 24 to 90 ft. 


This new escalator already is proving a 
remarkable success. The public is showing 
no hesitancy in accommodating itself to the 
higher step-speed, and of course the quicker 
transportation is popular. 0 


—From an article appearing in Electric Traction 
(Bid Bus Journal tor June 1932, p. 253. 


European Broadcasting Stations.—Informa¬ 
tion on broadcasting conditions in Euro¬ 
pean countries has been furnished by A. H. 
Morton (A’24) European manager of the 
Radio Corporation of America. He states 
that while European broadcasting is still 
several‘years behind that in America in 
programs and technique, in the opinion of 
most observers ‘the European equipment 
is good and programs are improving. 
Russia has three stations of 100 kw each; 
Warsaw, Poland, one of 150 kw; France 
has one of 100 and one of 80. Scattered 
through Germany and Italy are 50-kw 
stations. Broadcasting is still largely under 
state influence which takes various forms; 
but in Europe interest in commercially 
sponsored programs i? growing in the 
countries where it is not forbidden by regu¬ 
lation. • 


Salary and Wage Reduction Survey Com¬ 
pleted.—A report which should do much to 
set at rest the vast amount of speculation as 
to the extent and severity of salary and wage 
cuts throughout the country during the 
present depression has been issued by the 
National Industrial Conference Board, 
Inc. The statistics presented are based 
upon unusually comprehensive and com¬ 
plete returns from 1,718 business concerns 
of every nature except agricultural, per¬ 
sonal, and professional pursuits. Among 
the large number of significant facts revealed 
in this analysis is that the smaller business 
and industrial concerns have made more 
drastic reduction in salaries and wage 
scales during the present depression than 
have the larger concerns. Executive sala- 


Boulder City Emerges From the Status of a Construction Camp to a Complete City 



Boulder City, Boulder Canyon project, 
Nev., orgamze-d to take care of the con¬ 
struction forces employed at Hoover Dam, 
ft *i e A model ^traction city of the 
an i represents many of our 
Comfortable homes have 
been built to house the workers and their 
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families, dormitories ahd diningrooms have 
been constructed, schools, churches, and 
clubs completed, streets paved, and land¬ 
scaping has been carded out on a large 
scale. A municipal organization has been 
set up Under a city manager to assure ade¬ 
quate government for *he population of 


u. a. jsureau or RecJppation, Department of the Interior 

over 3,000 employed persons and their 
families. Over 1,000 buildings have been 
completed, about 90 per cent of these being 
residences. Six Companies, Inc., owns the 
majority of these, although over 100 are 
owned by the government; and an approxi¬ 
mately equal number by businfiss permittees. 
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rfes have taken the greatest reduction, 
with other salaries second, and wage rates 
the smallest. It also is shown that on the 
average, the companies making no reduction 
in wages hav# had the smallest decline in 
employment. Another significant fact 


brought out is that there Was no general 
movement to reduce Salaries and wages 
until the depression had gone into its second 
year. Also in contrast with eafrlier de¬ 
pressions, salary reductions have tended to 
precede wage adjustments. 


• • 

Letters! to llte Editor 


CONTRIBUTIONS to these .columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro¬ 
fessional importance. Elbctrioal Enginbering 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 
STATEMENTS in these letters are expressly un¬ 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog¬ 
nition by the American Institute of Electrical 
Engineers. 


Consumption, 

Production, Distribution 

To the Editor: 

What takes place to produce unemploy¬ 
ment? First we will represent the circula¬ 
tion of money in the form of the diagram, 


normal circulation of money, but some men 
are left out. Instead of having in our 
community a population of 8, representing 
perhaps 8,000,000, we have but 6 and the 
other 2 are outside. There is no reason 
why a community of 6,000,000 should not 
get along indefinitely just, as well as a 
community of 8,000,000. And there, is no 
force in our economic system to make the 
6,000,000 gather in the other 2,000,000, for 
each one can spend all of his income by 
exchanging within his group. No one has 
anything left to hire the other outsiders. 

The problem of unemployment is to find 
some way to induce the circle to open up 
and take in the outsiders, for the mere fact 
that the outsiders are there will not induce 
any individual in the group to trade or hire 
them. At present the limiting factor ap¬ 
pears to be a shortage of capital. Furnish¬ 
ing capital is a service as much as fur nishing 
labor. The supply of capital is only 
enough to permit the -group to be of its 


Cf°t) O" 0 
6 

QiQjQ @,QtO 


Q 




cf^o 


( UNEM-) 
(ployed; 



q*o*o 


Fig. 1 


Fig. 2 


Fig. 3 


Fig. X. In this case the money is shown 
. circulating from man to man in a perfectly 
organized society. Each man receives his 
turn at some of the money in return for 
« some kind of goods or services. 

According to the theories expressed by 
the progress report of the American Engi¬ 
neering Council (‘‘The Relation of Con¬ 
sumption^ Production, Distribution,” Elec¬ 
trical Enginbering, June 1932, p. 373-9)- 
there is some form of stoppage to this flow 
of money, which they describe by the ex¬ 
pression that savings exceed investment. 
Tins hypothetical situation is shown by Fig. 2. 

It seems entirely probable that there is 
some action of this kind, and that business 
Is delayed by irregularities in the flow of 
money. But that this irregularity should 
be enough to cause a depression of the 
magnitude of the present seems incredible. 
What is more there is no evidence to sup¬ 
port the theory. We cannot demonstrate 
that there was any greater irregularity in 
the flow of money in 1930 than in 1928. 
We cannot point to the men who were 
holding back enough money to give em¬ 
ployment to 5,000,000 people. 

A more reasonable theory of unemploy¬ 
ment is shown, by Fig. 3. This shows a 
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present size. Should more capital be saved, 
some of the capitalists would seek the out¬ 
siders 4n order to get a better and more 
profitable use for their capital. 

Very truly yours, 

A. W. Forbes (AT2) 
(Forbes & Myers, 
, i* Worcester, Mass.) 

(Editor’s Note: This letter is the third by Mr. 
Forbes discussing the economic problems covered 
in American Engineering Council’s progress report.) 


To the Editor: 

* The special committee authorized by 
American Engineering Council in 1931 to 
study the relation between consumption, 
production, and distribution“interpreted its 
commission as being the selection and 
recommendation of such governmental, 
financ ial, and business policies as will main¬ 
tain in. the United States a standard of living 
that is. high, broadly distributed, and free 
from severe fluctuations." : 

In attacking this problem the A.E.C. 
committee displayed excellent judgment in 
reducing the reputed nuthber of factors 


bearing on the subject from 12 down to 8 
and perhaps th% most important of these 8 
factors is that described in paragraph 6— 
“Controlling of money and credit to satisfy 
the needs of government, business, and 
individuals." 9 

In publishing the full text of this A.E.C. 
committee progress report in the June 1932 ^ 

issue of Electrical Engineering, p. 373-9 
the editors have rendered a time saving « 
service by bracketing points that need 
emphasizing—for example that on p. 377 
which will bear repeating; 

“The stabilization of money is another 
possibility for large scale governmental and 
financial action. % The seriousness of the 
lack of control of money value (or, the 
general price level as reckoned on a properly 
selected index) is beyond the power of 
words to express, because the world prob¬ 
ably is in full movement on^ss* secular de¬ 
cline with only minor short-lived upturns 
in prospect. It is important for govern¬ 
ments and financiers to reconsider their 
attitudes on this question. A' steadfast 
attempt to discover a safe and reliable, 
means of controlling the value of money is 
required. Instead of being a question that 
is tabooed or ignored, it should be looked 
upon as the most important financial .sub¬ 
ject to which those in charge of the world’s. 
money can devote their energy and atten¬ 
tion. There should be no rest until every 
possibility has been canvassed.” , 

On p. 378 money and credit is involved 
in the A.E.C. committee’s' comments on 
public works, namely: “Herein lies ’ an 
almost limitless field for the investment of 
private savings for public good that is' 
socially profitable and economically sta-, 
bilizing.” -In every relief bill offered, public 
works based on borrowed money have been' 
discussed. Most of us believe-that bor¬ 
rowed money should be repaid, and, as I 
write, the President’s task,of figiSHng out 
the rate of interest on borrowed money... to 
be paid various parties, is the biggest point • 
to be adjusted before the huge governmental^ 
relief bill receives his signature. Taxpayers, 
are on the anxious seat and bankers who 
have the ready money (or* will, borrow 
some) must obviously figure risks as well 
as profits. 

History records that Bellamy’s book, of 
the late eighties, “Looking Backward," * 
inspired a hopefulness which was trans¬ 
ferred into action by «nen in the .electrical, 
industry, and apparently history is about , 
to repeat itself with hopeful platis trans¬ 
formed into action. ••••“. .1. 

Here in Schenectady an electrical engi¬ 
neer from Pittsfield, Mass., recently out¬ 
lined a plan involving the control of money • 
and credit based on public works as a mon^y 
standard which approached the subject, m 
as business-like an engineering method as 
that employed by the A.E.C. committee 
in their recent progress report, and also 
inspired hope comparable with Bellamy’s 
‘^Looking Backward.” 

/“•* Very truly yours, 

H. W. Turner (A’03) 

* (18 Troy Place, Schenectady, 
N.Y.) 


Has Man Benefited 
; by Engineering Progress? 

To the Editor: 

It seems; to me that the Engineering 
Foundation’s question “Has Man Benefited 
by Engineering Progress?” at once asks a 
question and answers it since “progress” 
applies only to a beneficial course of events. 

An entirely different question -would be 
“Has Man- Benefited by Engineering Ac- 
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tivity?” This last question allows inclu¬ 
sion of the development of war machinery 
and hence its answer calls for a critical and 
exceedingly comprehensive scrutiny of our 
present civilization. 

* Very truly yours, 

P. K. Seyler (A’26) 

(Mountain States Tel. & Tel. Co., 
. Denver, Colo.) 


Magnet Steels 
and Permanent Magnets 

To the Editor: 

Under the title of "Magnet Steels and 
Permanent Magnets” an article was pubr 
lished by K. L. Scott in the May 1932 issue 
of ElectricXE Engineering, p. 320-3. I 
should like to make some remarks about 
this subject, explaining theoretically the 
experimental data of the work of Scott. 
Scott measures the induction B rtm in the 
middle of rectilinear bar magnets of different 
steels, lengths L and cross-sections A, and 

finds that - is only a function of 


- \l-‘ 

dVb; 


where B r — remanence in closed 


circuit, H t — coercive force, L and D 
equivalent diameter. Thus: 


B rm , (L lH e \ 


The form of this function is given in Fig. 2 
of the article by Scott, which figure we 
reproduce here as Fig. 1. * 

Scott first tried to plot against ^ *y/H c 

but fougd it preferable to plot against 
L IH * 

'DyBl' We show that thelast method 

-'°f Plotting is the one to be theoreticallv 
expected. 

The demagnetizing coefficient N of a 
rectilinear bar which is not too short com¬ 
pared to its cross-section is given by: 

- N - 4jt/ 3* (log | — l) ( 2 ) 

♦ 

where p = — (this formula is valid exactly 

for an ellipsoid and for p small) 

N being known for a special bar, we find 


(Bureau of Standards scientific paper No. 
567 published in 1927) show that the de¬ 
magnetization curves of all steels have 
nearly the same shape. If we therefore 
transform Fig. 2 into Fig. 3 by introducing 
J3 H 

the variables ■=■ and 77 instead of B and 

Jjf J£i c 

H, respectively, the demagnetization curves 
of different steels fall on the same curve. 
In Fig. 3 we draw the line S making the 
angle «' with the ordinates: % 

B/B, ~B X H. br X B. 

The point P gives the value of in the 

middle of the bar 1 and as the demagnetiza¬ 
tion curve of Fig. 3 is valid for all steels, the 

value of - 5 ^ is only a function of a', that 
. B r 

. . 17 F r 

1S,0f 4r X H e - 
Thus: 

T-o-'M-i-oa 

In first approximation we neglect the varia¬ 
tion of (log? — 1 ^ so that we write: 

$r --(-t) - *«*)- 

'(§VS> 

is thus a single.valued function of ^ 

85 * ong 35 (* og f “ may be con¬ 
sidered as constant, and for values of j 8 


In first approximation we regard (log 

\ V 
— 1 ) as constant. 


Thus 


pA 

Eq. 3 and eq. 4 give: 


A‘/S< , 1 
H* + B? 


Br 2 A * + X 4 


if we take 


T _ L Iff, 

Xss d-\Jb; 
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Fig. 4 
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not too large, because for large 0, ea 2 
does not hold. ■ q ' 

lfafin ttSTi ^fP^^entaUy by Scott, the 
ime m Fig. 1 through the origin and tangent 

curve has its point of tangency in 
tiie point corresponding to the point of 
maxunum economy on the demagnetization 

(?• e -» the pomt where B X H is at 
its maximum). « s at 

To show this*and to calculate the func- 

t^ on f (d fha * ia + ~ ■* 


IHTtt— 


Fig. t 

b£ T T^ C % middle Of the 

point P of the lineTLd£dSSSS 
tion curve, if tan « ~ f = £ ( divided by 

4* because to plot B- 4* > + ^ Winstead 

of which is the intensity of induced 
magnetization). 

Now experiments of R. L . Sandford 


h0n f \Dylf r )> that is > to calculate the 
anve of Fig. 1 we must make an assumo- 

Jgg rim ^t (see W^iib^ phS ^ 

2a«McOT?^ e,na * iono,tie de ™^U- 

, ‘ 

Br* " 1 * «'• (3) 

as the intersection point of 
S (Big. m 


Here again we find that is only a 

function of * and for the form of that 
- function we find: 

Brtm _ _ X* 

&r -y/A* -f- x* 

Indeed this is a function similar to the 
curve of Fig, 1 . In Fig. 4 we draw this 
function for 2 values of A, namely A “ lVa 

Z 3 a tbes 5 being a hout the extreme 
values of A in the experiments of Scott. 

nfPoints (a large number 
* be points of Scott are plotted in Fie 4 ) 
fall satisfactorily between these 2 curves 

TlS P ? 0 at low vaIues of #• 

This is probably due to the fact that 8 for 

^ e ,bar 8 was so great, that eq. 2 did not 

hold (the greatest value of p used by Scott 

was about j~), 

_ We find the point of tangency of the curve 

"rem , 

B r \/A 2 + X A ^ ie t] * lrou Sh 

the origin by making « x 

. . xB r s/a* 

a maximum. va -t-x 

This gives * = 

and therefore 


A 

V2A 3 


l AV~2 


tiie case of an ellipse this corresponds 

wh^B 0 ? 1 ^ dem agnetization 
curve, wnere B X H is a maximum. The 

" 0,7 is ’ m g°°d agreement 
with the expenmental value derived from 
the curve of Fig. l, namely 0.65. 

fl i a “f wa y it is possible to interpret 
fully the curve as found by Scott. 

Vary truly yours, 

W. Elbnbaas 

(Natuurkundig Laboratorium der 
. Y* Philips' Gloeilampen- 
fabneken, Eindhoven, ^Holland) 
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Savings 

and Investment 

To the Editor * 

Mr. Forbes **n his letter printed in the 

July 1932issue of Electrical Engineering, 
p. 527, regarding the American Engineering 
Council's progress report on consumption^ 
production, and distribution, apparently put 
his finger on the sore spot without knowing it. 

Refefring to his illustration, suppose Mr 
Smith keeps the $3, saves it. Mr. Brown 
keeps the hat. Brown may be the owner 
of the hat factory. Smith his employee. 
Anyhow, Brown has goods for sale, Smith is 
a prospective consumer, who has earned $3. 
No business is done, and we have "de¬ 
pression.” Now if Smith’s saving is in¬ 
vested, it goes to work, is paid to some one 
for building “capital goods,” and a second 
consumer has the $3. and can buy the hat. 
The important thing is obviously movement, 
not a static equation showing the status of 
any particular I$3 at any particular instant. 
The time element must be introduced. 

The difference between savings and in¬ 
vestment in the report is crucial; and the 
integration of these items over a time 
period (or else the rate with respect to 
time) is implied. It simply means finding 
the spot where the system is clogged. 
The volum^ of trade is forced to decelerate 
by diversion of purchasing power into the 
reservoir of hoarded wealth. 

Where this hoarded wealth may be found 
has been disclosed by much material re¬ 
cently published. Another way of saying 
this is that there was a contraction of 
currency and credit. This did occur in 
1929, contrary to Mr. Forbes, and the 
process has continued since then. The de¬ 
tails involve an insight into our banking and 
credit structure, which is beyond the scope 
of this letter. 

, Very truly yours, 

C. T. Button (A’26) 

(1133 Chamber of Commerce 
Bldg., Cincinnati, Ohio) 


Young Engineers 

Must Plan for the Future 

To the Editor: 

For a number of years I have been 
endeavoring to interest the most promising 
among our electrical engineering seniors 
and graduate students in thinking of our 
profession 10 to 20 years ahead of their 
• time. It usually takes that long for a 
natural leader to reach a position in which 
he can actually lead a considerable group 

* of workers. I always wanted Such men 
to get at least a general idea of the directions 
in which our art and industry were moving 
at the time, so as to acquire the necessary 
mental equipment in the meantime. In 
1906 I talked to them of huge transmission 
lines'and of the necessity of understanding 
how to compute them both electrically and 
mechanically. About 1910 we had a 

• chosen group struggling with transient 

phenomena and with plotting of electric 
and magnetic fields. In 1915 I used to 
annoy my graduate students by incessantly 
talking about electrons and about the im¬ 
portant r61e they were going to play in 
electrical engineering. Then came the 
Heaviside calculus, power plant stability, 
thermionics, and what not . , 

For years this country has been handi¬ 
capped in the development of. electncal 
apparatus and in understanding some 
operating troubles by the false belief 
(natural in a pioneer country with only 2 
political parties) that physicists, chemists, 
* . * 

September 1932 


and mathematicians discover and investi¬ 
gate fundamental laws upon which the art 
of the engineer is based, and we engineers 
merely apply these laws and data to our 
problems. The Germans have developed 
a much more practical and flexible hierarchy 
of pure scientists, applied scientists, theo¬ 
retical engineers, and practical engineers, 
with almost imperceptible gradations among 
them. The result has been that in Germany 
an operating trouble can txs handed down 
(or perhaps up») from a practical engineer to 
a theoretical engineer; from the latter, in a 
modified form, to an applied scientist, and 
sometimes in the form of a general problem 
even to A pure scientist. With us, until a 
few years ago, if an operating engineer had 
trouble with some oil or paint he had to 
lay his story before a professor of chemis try 
who was liable to talk to him in terms of 
hydroxi-derivatives of phenanthraquifione, 
leaving the operating man exactly where he 
was before. It was partly this unsatisfac¬ 
tory situation which finally led to the forma¬ 
tion of large research departments in our 
leading manufacturing and operating or¬ 
ganizations. Nevertheless, there are still 
numerous gaps in many places. We need 
several types of middlemen between the 
pure sciences and the engineering art, and 
We need them urgently. Probably such 
intermediate men are also needed in eco¬ 
nomics and psychology, but this is another 
story for some one else to discuss. 

It is with this idea in mind, namely, to 
increase the number of young theoretical 
engineers and applied scientists in this 
country, that I now urge intelligent students 
and former students to look forward not to 
an immediate job (or absence of one, as the 
case may be), but to a time when our 
industry shall demand an intelligent judg¬ 
ment. about the group theory and restricted 
relativity in mathematics, theoretical spec¬ 
troscopy and wave mechanics in physics, 
and an interpretation of the molecular struc¬ 
ture and chemical reactions in terms of 
the quantum theory. All this may sound 
far fetched, but»I remember the time when 
only a few chosen ones could handle alter¬ 
nating currents in terms of ordinary trigo¬ 
nometry, and when a d-c network computed 
by Kirchhoff’s laws was sometimes checked 
on a small model, "just to be sure.” 

It is an ill wind that blows nobody good, 
arid in these days of adversity and depres¬ 
sion an ambitious young engineer with 
scientific leanings can do no better than to 
study the fundamental sciences and thus 
prepare himself for a place of middleman 
and interpreter in some specific problem 
of the industry of the future. The general 
tendency undoubtedly will be in the direc¬ 
tion of’more reliance on pure sciences, more 
accurate predetermination of performance 
of apparatus, and a rational analysis of 
troubles. No matter in which suitable 
branch of mathematics, physics, chemistry, 
or» mechanics he decides s to become an 
expert, he will be working toward ulti¬ 
mately becoming "geared” to the industry 
in an organic way, whereas one who shall 
place his reliance mainly upon good health, 
pleasing sociable personality, and a general 
idea of what a shunt wound d-c machine is, 
may later find himself in a long line of 
„ applicants with similar qualifications, all 
waiting for, the same 15-dollar-a-week job. 
With the dawning socialization of the indus¬ 
tries, the days of the’glib-tongued salesman 
ana prosperity manager are about over, and 
the truly scientific engineer will be soon 
comiag into his own. 

This letter is not the place to indicate 
spetifihally which topics I consider to be 
of importance in the future. The very 
process of finding fruitful paths of pioneer¬ 
ing is an importgmt part of the proposed 
studies, as well as a test ofc one’s fitness for 


* 

future leadership. Whatever subject one 
undertakes to master must be organically 
(although perhaps yet in a hidden way) 
connected with the present progress of the 
art, and not merely join it at some distant 
future. Anyone who* would take the 
trouble of going over the Institute Trans- * 
actions, say for the last 10 years, keeping 
the forthcoming trends in view, will find m 
any number of inspiring Hints and dues* 

A similar study of the leading European 
periodicals devoted to* electrical engineering 
should be the next step. Then, having 
decided to follow, say, some features of the 
science of electronics, the best American 
journals of physics should be gone over, and 
finally a detailed program of study arrived 
at. After this, it is merely a matter of 
fin d in g suitable books and perhaps forming 
a connection with an experienced specialist 
for guidance and advice. 

Very truly yours, 

Vladimir Karapetoff (F’12) 

(Cornell University, Ithaca, N. Y.) 


Suggested Changes in 
Dielectric Nomenclature 

To the Editor: 

I note with interest the increasing effort 
on your part to make our monthly publica¬ 
tion a direct expression of the professiqp.. 

I am particularly interested in your 
publication of timely letters addressed to 
the Editor. I read with much interest a 
letter by Hubert H. Race (A’24) suggesting 
changes in dielectric nomenclature (see 
Electrical Engineering for May 1932, 
p. 354-6). I approve Mr. Race’s sugges¬ 
tions and believe there are many instances 
in which an improved nomenclature would 
make for clarity and convenience o$ expres¬ 
sion in the electrical engineering art. 

I have in mind a particular instance > 
where I believe an improved nomenclature 
and the adoption of the name for a unit: 
would be of advantage. Lhave in mind the 
unit of electric field intensity jor voltage 
distribution per unit of length. This unit 
is now customarily expressed as volts per 
foot, or volts per inch, or volts per centi¬ 
meter. I believe a single name for this - 
unit , preferably called after some dis¬ 
tinguished pioneer in, this art, to be a 
desideratum. 

I, therefore, take the liberty of proposing 
that the c.g.s. dectrostatic unit of electric 
field intensity be called the "Franklin.” 

Very truly yours, ^ 

Wm.W. Fraser (M’27) , 
(6 East 45th Street, 
New York, N. Y.) 


Patents on 

Arc Welding Generators 

To the Editor: ^ , . . 

We refer to p. 527, July 1932 issue of 
Electrical Engineering, "Letters to the 
Editor,” entitled "Eliminating Transients 
in a D-C Welding Generator” and more 
definitely with regard to the public assertion 
that J. Bethenod now has a patent on this 
double wound reactor for confiplling the 
arc in a welding generator. We would like 
to have this letter published. 

The writer was granted U.S. Patent No. 
1,549,874, August 18, 1925,’on this scheme. 
The scheme was invented and improved to 
practise sometime previously and if the 
patent laws of France were similar to the 
laws of the United States, Mr. Bethenod 
would not have obtained any patent on this. 
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In deference to the insinuation against 
the other 2 leading companies in arc welding, 
both of these are licensed under our patent 
and are probably, accordingly, interested in 
Bethenod’s later development because in 
this country the naan who does it' first 
obtains the patent, and if it has been pub¬ 
lished, patented, described, or used in any 
other country, no patent can be obtained 
•in this country.* The writer believes he was 
the first to discover the use of static trans¬ 
former control of anfarc welding generator. 

This transformer arrangement of the old 
familiar series reactor is a wonderful im r 
provement, theoretically and practically. 
In self-excited machines the discharge into 
the hands of the operator is dangerous. Ih 
separately excited sets, the .insulation 
should be of a special nature to insure that 
this doesn’t happen. The trouble lies in 
applying tire induced voltage to the shunt 
field which, has high values to counteract. 
The same effect can be had by applying 
this [voltage to the series field and here the 
values are so low that many times them 
are still less than the arc voltage. 

Very truly yours, 

C. J. Holslag (M’19) - 
(President, Electric Arc 
Cutting & Welding Company, 

# 152 Jelliff Ave., Newark, N. J.) 

(Editor’s Note: This letter is an extension of one 
phase of Mr. Holslag’s letter which was published 
in Blbctrical Engineering for January 1932, 

p. 59.) 
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.Proposed Electrical Definitions 

Now Available in Report Form 

• • • 

The report on the proposed "American 
Standard Electrical Definitions” upon which 
the sectional committee on electrical 
definitions has been working for over 3 
.years now iS available' in a pampblet of 
208 pages. The' project, which had its 
initiation in. 1928 in the recommendation 
of the A.I.E.E. standards committee, hnn 
been carried on in full accordance with the 
rules of procedure of the American Stand¬ 
ards Association and under the sponso rship 
qf the Institute. 

' This Work required the formation of 17 
subcommittees with a total personnel of 
about 120, the additional expert help 
sought increasing the number cooperating 
to over 300. The individual reports of the 
subcommittees have been widely circulated 
for criticism and comment in each of their 
several stages of development. Contro¬ 
versies on proper wording nat urally have 
developed in many instances. In most 
cases, the subcommittees have been able 
to arrive at an acceptable solution within 
their own groups. In cases of overlapping 
.fields the executive committee under the 
able guidance of Chairman A. E. K ennell y 
has been called into action. Even - after 
tne most earnest efforts to eliminate con- 
flicting definitions, it will be noted that 
certain conflicts still exist. It was felt 
to be very desirable, however, to issue the 
report as it now stands with the hope that 
•circulation in pamphlet form would result 
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’ mot only in obtaining still further suggestions 
of a helpful nature, but might lead perhaps 
to a solution of the questions still unsettled: 

In collecting and compiling the definitions 
which served as the original basis of the 
committee’s work, it soon became evident 
that there existed conflicting definitions of 
identical terms, all having the status of 
American standards. In most such in¬ 
stances the sectional committee on elec¬ 
trical definitions has selectedVhat appeared 
to it to be the most desirable wording. In 
other cases it has been felt desirable to 
suggest for a term or concept a wofding 
differing from an accepted standard. The 
object in view always has been the develop¬ 
ment for each term of a wording expressing 
the meaning generally associated with it in 
electrical engineering in this country. 
When possible, definitions have been 
generalized so as not to preclude the differ¬ 
ent specific interpretations attached to 
particular applications. , 

The sectional committee wishes to ex¬ 
press its sincere appreciation of the spirit 
of cooperation which it has met on all sides, 
and acknowledges its indebtedness to all 
organizations and individuals having given 
so freely of their time and experience. The 
assistance, obtained from glossaries issued 
by various technical organizations, par¬ 
ticularly the British, and the experience of 
the secretariat on nomenclature of the 
International Electrotechnical Commission, 
have been particularly helpful. 

. The glossary in its present state is in¬ 
complete, but it is impractical to carry 
through the entire program at one time. 
The cost involved to date has been great; 
therefore it has been found necessary to 
make a nominal charge for copies. This 
price has been set at $1 per copy, with the 
usual 50 per cent discount to members of 
the A.I.E.E. • 

Address all communications to A.I.E.E. 
Headquarters, 33 West 39th Street, New 
York, N. Y. * 
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H. S. Osborne (A’10, F’21) who is now 
transmission engineer of the American 
Telephone and Telegraph Company, New 
York, N. Y. f is to continue his chairmanship 
of the Institu-fe’s technical committee on 
communication for the ensuing year. He 
was bom at Fayetteville, N. Y. From 
Massachusetts Institute of Technology he 
received his B.6. degree in 1908 and his 
doctor of engineering degree in 1910. Dur¬ 
ing his college course he engaged summers 
in engineering positions which gave him a r 
varied experience. In 1910 hi joined the 
engineering department of the American 
Telephone and Telegraph Company as 
engineer in the transmission and protec¬ 
tion department. Here he assisted in many 
developments in telephone and telegraph 
engineering, including quadded cable and 
the systematic study •'of interference in 
telephone circuits. In April 1914 he was 
made assistant to the "transmission and 


protection engineer, and in this new office 
assisted in the establishment of the trans¬ 
continental telephone. Under the general 
direction of the transmission and protec¬ 
tion engineer he also was-in responsible 
charge of many important developments. 
In 1920 he was appointed transmission 
engineer and as such has assumed the 
responsibility for assisting all companies 
of the Bell Telephone System in connection 
with telephone and telegraph transmission 
and protection matters, advising regarding 
the proper use of new developments and 
carrying out exhaustive studies to deter¬ 
mine the most desirable plant practises! 
Mr. Osborne has served as representative 
of the Institute on the American Standards 
Association from 1923 to date, at one time 
being assistant * treasurer of the A.S.A. 
He also has served on the A.I.E.E. stand¬ 
ards committee 1917-28 (chairman 1923— 
26); committee on education 1928-31; 
co mm unication committee 1929-32 (chair¬ 
man 1931-32); technical program com¬ 
mittee 1924-25, 1927-29, 1931-32; and 
upon the electrical standards committee 
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of the American Standards Association as 
an alternate representative of the A.I.E.E. 
1931 to August 1932, when he was appointed 
a representative. Mr. Osborne now is 
vice-president and treasurer of the U.S. 
national committee of the International 
Electrotechnical Commission with which 
he has worked for many years. His 
memberships include the American Physical 
Society, the American Association for the 
Advancement of Science, the Acoustical 
Society of America, Engineering Founda¬ 
tion, Institute of Radio Engineers, and 
the Montclair (N.J.) Society of Engineers, 
of which he is also past-president. Hip 
contributions to technical literature have 
been numerous. • 


E. J. Rutan (A’20, M’29) supervisor of 
the test bureau of the New York Edison 
Company, with which he has been associated 
for over a decade, has received reappoint¬ 
ment as chairman of the Institute’s tech¬ 
nical committee on instruments and 
measurements for the current year. Brook¬ 
lyn, N. Y., is Mr. Rutan’s place of birth. 
After completing a course at Cornell 
University from which he received his 
M.E. degree with certificate in electrical 
engineering, he joined the test department 
of the New • York Edison Company in 
1919 as a tester. Within a short time he 
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Intel advanced to foreman; then he became 
general foreman, assistant superintendent, 
and ultimately superintendent. Since 1924 
he l?as been in responsible charge of the 
company’s test work. In 1930 the name 
of the test department was changed to test 
bureau and Mr. Rutan became supervisor; 
the work continued to cover all testing 
carried on by the company, including 
acceptance tests of all materials received 
in the store room, machinery for stations, 
and all equipment for transmission and 
distribution systems. Also all special test¬ 
ing for development and research purposes 
is conducted in this bureau to maintain 
electrical standards for the. company in 
connection with primary standard cells, 
resistors, and potentiometers. Mr. Rutan 
was a member of the Institute’s technical 
committee on protective devices, 1924-27; 
a member of the subcommittee on stand¬ 
ards for measurements of voltages in di¬ 
electric tests, 1025-26; and in 1927 was 
appointed to the subcommittee called to 
draft standards for constant current trans¬ 
formers; his appointment to the technical 
program committee took place in 1930. 
Since 1926 he has served on the instruments 
and measurements committee, having been 
•its chairman since 1930. As a member of 
the American Society for Testing Materials, 
he has served on its committee D9 on elec¬ 
trical insulating materials 1927-29, and 
now again in 1932. 


W. A. Hillebrand (A'08, MT3) pre¬ 
viously electrical engineer for the Ohio 
Insulator Company Division of the Ohio 
Brass Company, at Barberton, Ohio, a 
position which he*had held since 1919, has 
returned to fhe academic field and in 


August 1932 will assume new duties in 
accepting a professorship in electrical 
engineering at the University of California, 
Berkeley, Calif. In a consulting capacity 
however, he will continue his affiliation with 
his commercial interests. Graduating from 
Cornell University in 1905, Mr. Hillebrand 
extended his studies to include a year at 
Stanford University, Calif. Through em¬ 
ployment in the Pacific Coast office of the 
Western Electric Company 1906-7, he con¬ 
tinued to broaden his experience. The 
period 1907-14 was occupied as ins tructor 
under Doctor H. J. Ryan at Leland Stan¬ 
ford University and as professor of electrical 
engineering £t the Oregon State College, 
Corvallis, Ore. In June 1914 he joined the 
Pacific Gas and Electric Company (Calif.); 
for 2 years he was engaged with the Federal 
Telegraph Company (Calif.) in the manu¬ 
facture of arc radio transmitters. His first 
identification with the Ohio Brass Company 
at Mansfield, Ohio, was as a commercial 
engineer, still centering his activities upon 
the Pacific Coas^, but traveling over all 
parts of the United States and Canada, even 
spending some 8 months in Japan. In 1926 
he^went to Barberton, Ohio, as consulting 
electrical engineer for the Ohio Insulator 
Division of his company, thus returning to 
his native State. Mr. Hillebrand’s place of 
birth was Perrysburg, Ohio, but he grew up in 
Washington, D. C. Besides his membership 
in the A.I.E.E., he is a member of the Insti¬ 
tute of Radio Engineers and also of the 
Schweizerisher Elektrolechnischer Verein of 
Zurich. 

K. L. Hansen (A’17) now carrying oh a 
consulting engineering practise in Milwau¬ 
kee,* Wis?, under the company name of 
K. L. Hansen Engineering Company, Inc., 
has been appointed to serve as chairman of 
the Institute’s technical committee on 
electric welding for the current year, a 
committee of which he has Been a member 
for the past 2 years. Mr. Hansen was bom 
in Norway and .came to the United States 
early in 1901,. .For 2 l /a years he worked 
in various shops in Chicago, most of the 
time tor the Western" Electric Company, 
assembling fan motors and arc lamps. In 
the fall of 1903 he entered the University of 
Illi nois . From the summer of 1905 until 
early in 1906 he found employment with 
the Chicago Edison Company, first as 
splicer’s helper in tne underground cable 
department and latjer as substation opera¬ 
tor. In February pf that year he removed 


to East Pittsburgh,; Pa., and joined the 
Westinghouse Electric and Manufacturing 
Company, working for a year and a half 
successively as wireman, tracer, and drafts¬ 
man. His company then transferred him to 
the dynamo testing department where he 
remained for nearly 4 years or until he 
again was transferred, this, time to the 
industrial engineering department, to be¬ 
come designing engineer for d-c motors 
and generators. He remained in the em¬ 
ploy of the Westinghouse company until in 
the fall of 1919 he left it to join the Louis 
Allis Company (then the Mechanical 
Appliance Company) of Milwaukee. Here 
again he engaged in the capacity of design¬ 
ing engineer, this time for a-c and d-c 
motors and generators, later becoming chief 
engineer. It was upon severing. his 
connection with the Louis Allis Company 
that he entered upon, consulting and de¬ 
velopment work of his own. The Hansen 
arc welder, first built and marketed by the 
Northwestern Manufacturing Company, of 
Milwaukee, until the early part of 1932 
and later taken over by the Ilamischfeger 
Corporation of that city, was invented and 
designed by Mr. Hansen, whose own 
company, the K. L. Hansen Engineering 
Company, Inc., is now marketing it. He 
developed a number of arc welding proc¬ 
esses, the Hansen arc torch being one of 
them. He also holds patents, jointly with 
another, on self-starting induction motors 
and self-starting compensated induction 
motors. During ’the past 5 years Mr. 
Hansen has given numerous addresses 
before technical societies and conventions, 
chiefly on th^ subject of arc welding and 
its many applications. 


■ S. L, Henderson (A’12\ division engi¬ 
neer of the power engineering <deDartment 
of the Westinghouse Electric and Manu¬ 
facturing Company, East Pittsburgh, Pa., 
and since 1928 a member of the Institute’s 
technical committee on electrical ma¬ 
chinery, has received reappointment as its 
chairman for the current term of service 
ending August 1933. Mr. Henderson is a 
native of Roxbury, Mass.; upon comple¬ 
tion of his public school work in Boston, he 
entered Massachusetts Institute of tech¬ 
nology. In July 1910 he joined the test 
department of the Westinghouse Electric 
and Manufacturing Company at East 
Pittsburgh, and by 1912 was holding a 
position of responsibility with that com¬ 
pany. For a number of years he was in 
charge of turbine generator design for the 
Westinghouse company; his present work 
is in charge of design of large synchronous 
and inductioh motors. He also has been 
active as a committee-man for other tech¬ 
nical bodies of professional importance 
having served on the American Standards 
Association’s sectional committee on rotat¬ 
ing machinery; A.S.A. subcommittee on 
definitions; and subcommittee 1-C on 
wave shape, of the National Electric Light 
Association’s joint committee on develop¬ 
ment and research in collaboration with the 
Bell Systerp. In addition to his service 
on the electrical machinery committee of 
toe A.I.E.E., Mr. Henderson has been 
active as a member of its subcommittee 
on! synchronous machines. 
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W. C. Smith (A’07r ft M’26) succeeds 
R. F. Monges (A’08) to the position of 
district engineer of the San Ffancisco, 
Calif., office of the General Electric Com¬ 
pany, June 1932. r Mr. Smith has been 
with the company since 1905 in varying 
capacities, joining the organization the 
. same year hp was graduated from the 
University of Michigan. In 1907 he be¬ 
came a member of the transformer Engi¬ 
neering department and until 1918 worked 
both at Pittsfield, Mass., and Schenectady, 
N. Y., supplementing this experience with 
2 years spent in special investigations for 
his company at Denver, Colo., before tak¬ 
ing office at San Francisco as transformer, 
meter, and regulator specialist. He has 
been Mr. Monges* assistant for the past 
year. In*T325 he was awarded the Coffin 
Medal, which is given annually by the 
General Electric Company, "for the most 
signal contributions toward increase in 
efficiency or progress in the electrical arts”; 
he is past-chairman of the company’s 
Pittsfield Section, and recently was elected 
vice-chairman of the A.I.E.E, San Fran¬ 
cisco Section, which he already has served 
during the past year as secretary. Other 
organizations to which he belongs are the 
San Francisco Electrical Development 
League, the San Francisco Engineers’ Club, 
the Pacific Coast Electrical Association, 
and the Astronomical Society of the Pacific 
Coast. 


W. J. Mowbray (A’03, F’31) previously 
operating as meter engineer at Cranston, 
R. I.,rand for the period 1949-30 research 
and test engineer as well as educational 
director for the Narragansett Electric 
. Lighting Company of Providence, R. I., 
now has received his appointment as 
instructor in .electrical engineering at the 
Rhode Island State College, at Kingston, 
R. I. During the whole of the above men¬ 
tioned period Mr. Mowbray was serving 
the New England Section of the National 
Electric Light Association on its meter 
committee, of which he for one year was 
chairman; he also was a member of the 
A.I.E.E. instruments and measurements 
committee 1924-29. 


August 1, 1932. Mr. Doherty’s native 
State is Illinois; he was graduated from 
the University of Illinois in 1909, at that 
time receiving his B.S. degree, and later, 
in 1921, his M.S. was won from Union 
College (Schenectady, N. Y.). He entered 
upon the General Electric Company’s train¬ 
ing course at Schenectady in 1909 and for 
2 years was occupied in its test department. 
At the end oi that time hfi^was transferred 
to the a-c engineering department as 
proposition designing engineer. Here his 
work was observed by C. P. Steinmet^, who 
in 1920 chose Mr. Doherty as his assistant. 
It was while engaged in this work that he 
took his postgraduate course at Union 
College. The next year he became con¬ 
sulting engineer of the General Electric 
Company. In addition to duties devolv¬ 
ing upon him as consulting engineer he 
has had charge of an advanced course in 
engineering specially planned by his com¬ 
pany for a small and selected group • of 
college graduates. This, a 3-year course, is 
practical professional work. He also was 


was with the degree of B.E. in E.E. Im¬ 
mediately thereafter his work with the 
Consolidated Gas, Electric Light and Power 
Company of Baltimore started with his 
assisting in the conducting of tests on all 
kinds of electrical apparatus in the com- 
oany’s research and test departments. His 
present work covers chiefly the planning 
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L. A. Magraw (A’07, M’13) who at a 
crecent conference was chosen to serve as 
president of the National Electric Light 
Association's Southeastern Division, has 
relinquished the presidency of the South 
Carolina Power Company, of Charleston, 
fc. U, to become president of the Central 
Ilhnois Public Service Company, Chicago, 
received his degree of 
? • •. “ E *®\ from Worcestef Polytechnic 
Institute; his achievements in electrical 
engineering have been outstanding for 
most of ^em having been in 
1909 S ° Utl1 WhCre been actiye si nce 

r JL5' i* 0 ™” (M'27) who last year 
resigned from his many years of service as 

wnsffiting engineer of the General Electric 
Company, Schenectady, N Y.. to 

W?«or_of electrical 

New Haven, Goon., continues 
hn chairmanship of the Institute's educa! 
t.00 committee for the year follower 


a member of the General Electric Com¬ 
pany’s general education committee. Insti¬ 
tute committees upon which Mr. Doherty 
already has served are: education 191&-19 
1926-28, 1931-32 (chairman); electro^ 
physics 1924-26; power transmission and 
distribution 1928-29; and technical pro¬ 
gram 1931-32. He also has served as 
chairman of the Institute’s Schenectady 
(N. Y.) Section 1926-27. Mr. Doherty’s 
contributions to technical literature have 
been numerous, both as regards papers of 
tus own preparation and his discussion of 
those presented by others. 


W. P. Taylor (A’26) who ever since his 

S a i Q U o a ^ n fr u° m Jolms Hopkins University 
in 1923 has been associated with the Con¬ 
solidated Gas? Electric Light and Power 
Company, at Baltimore, Md., was chosen 

n° r 2"7 ethe 19 ® X AJ - E - E - Midd * e Eastern 
District prizes for_ both begt paper ami 

lrntial paper for h^ contribution entitled 
Locatang Power Cable Faults by Means 
of a Constant-Current Transformer With 

S-itch. Hr. t”™ 

Kiif 1Conn ” but Poetically 
all his iff e has been spent in the state of 

Maryland. Prior to attending Johns Hop- 
fans Umvmmty, he spent 4 years in study 
in Hie grade schools of .Stockton, Md. ; his 
graduation from Johng Hopkins in 1923 
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and conducting of tests on electrical appli¬ 
ances. One of the special Investigations 
conducted was an attempt to determine the 
comparative life of various rubber com¬ 
pounds used as insulation for wire; another 
a study of power cable fault locating in an 
effort to eliminate some of the troubles 
commonly encountered in this field. 


R. F. Monges (A’08) for 35 years district 
engineer of the San Francisco, Calif,, office 
of the General Electric Company, retired 
as of June 1932. He is succeeded by W. C. 
Smith (A’07, M’26), who has been with the 
company as transformer sales engiueer 
and Mr. Monges’ assistant. Prior to be¬ 
coming district engineer, Mr. Monges 
had held office with the company as assis¬ 
tant engineer for 8 years; he also had spent 
2 years in the G. E. test department. This 
was immediately after his graduation from 
an electrical engineering course which he 
took at the University of California. 

C. E. Smith (A *32) who during 1930-31 
was student engineer for the RCA Victor 
Company, Inc., at Camden, N. J,, working 
in the company’s development and research 
laboratories, now has achieved the position! 
of electrical engineer for The Radio Air 
Service Corporation, at Cleveland, Ohio 
having been graduated last. June from 
Ohio State University with the degree of 
M.S. m electrical communication emri- 
neering. 

W, R. Thorson (A’26) who at one time 
was superintendent of electrical distribution 
for^the Consumers Power Company, at 
Hudson, Mich., and later was in the dis¬ 
tribution engineering department of that 
company at Jackson, Mich., now has been 
made superintendent of public works at 
Waverly, la. 

Vannrvar Bush (A’15, F’24) who re¬ 
cently became vice-president and dean of 
engineering at Massachusetts Institute of 
Technology at Cambridge, Mass, (see 
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Electrical Engineering, April 1932, p. 
286, for a brief record of Doctor Bush’s 
professional record), recently received re¬ 
appointment as chairman of the Institute's 
technical comiiuttee on electrophysics. 
Doctor Bush already has served an un¬ 
broken record since 1924 upon this com,* 
mittee; his chairmanship dates from 
1931. 
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G. M. Griffith (A’23) intermittently 
during the past 6 years has been identified 
with Latin-American utilities in Cuba, 
Costa Rica, and Venezuela; now he has 
returned to Atlanta, Ga., where he was once 
in the engineering department of the Georgia 
Railway and Power Company, to open a 
consulting engineering office of his own. 

A. L. Abbott (A’06, M’13) engineer of 
the,Society for Electrical Development, 
New York, N. Y., recently assumed the 
title of engineer of the uniform legislation 
department of the National Electrical 
Manufacturers Association, New York, 

N. Y- 

D. McK. Greer (A’31) who was engineer 
in the watthourmeter section of the meter 
engineering department of the Westinghouse 
Electric and Manufacturing Company, at 
Newark, N. J., recently became an engineer 
of the American Instrument’Company, in 
Washington, D. C. 

C. A. Brown (A’23) who has been doing 
consulting engineering work for the Union 
-Gulf Line, New York, N. Y., now is south¬ 
eastern sales representative for the De La 
Vergne Engine Company, in Philadelphia, 
Pa. 

* 

C. M. Burrill (A’25) has left the 
position of research engineer with the 
Rogers-Majestic Corporation, Ltd., On- 
•tario, Can., to return to the RCA Victor 
Company, Inc., of Camden, N. J., where 
he will serve in the research division. 

J. L. Carr (A’24) for the past year or so 
salesman for the General Electric Com¬ 
pany at Washington, D. C., has joined the 
Potomac Electric Power Company of that 
same city according to notice just received 
at Institute headquarters. 

C. I. B. HennJng (A’13) past-president 
of the Spirting. Arms andjfAmmunition 


Manufacturers’ Institute, New York, N. Y., 
and a stockholder in various corporations 
in this field of activity, recently retired from 
business. 

Alfred Ruttiman (A’15) who has been 
serving the Florence Stove Company of 
Gardner, Mass., as research engineer, re¬ 
cently became experimental engineer for 
the Alaska Frazer Company, of Wichen- 
don, Mass. 

W.*G. Woolfolk (M’16) who has been 
doing consulting engineering work under 
the name of W. G. Woolfolk and Company, 
Chicago, Ill., recently became president of 
the Detroit City Gas Company, at Detroit, 
Mich. 

* 

F. A. Davis (M’31) who has been with 
the Telephone Bond and Share Company, 
Kansas City, Mo., now has joined the 
Portsmouth Home Telephone Company, 
at Portsmouth, Ohio. 

E. R. Hartman (M’31) who has been 
associated with the Telephone Bond and 
Share Company, at Kansas City, Mo., 
recently joined the Nebraska Continental 
Telephone Company, at Columbus, Neb. 

J. W. Hancock (A’10) who is manager 
of the Appalachian Electric Power Company 
at Roanoke, Va., has been elected president 
of the southeastern geographic division of 
the National Electric Light Association. 

• W. H. Sammis (A’20) of New York, N. Y., 
recently was elected a director of the Con¬ 
sumers Power Company, Jackson, Mich. 
Mr. Sammis formerly was located in the 
general offices of that company at Jackson. 


OLiiuary 


Thaddbus Reynolds Beal (A’03) presi¬ 
dent and general manager of the Central 
Hudson. Gas and Electric Corporation, 
Poughkeepsie, N. Y., died August 10, 1932, 
of a heart attack which came upon him 
while he was at Nantucket, Mass. Mr. 
Beal was born iu New York City, June 
1870, ana was educated at the College of 
the City of New York, graduating, from 
its engineering course in 1889. His father, 
William Beal, was the founder of the origi¬ 
nal power company in Newburgh, N. Y., 
and for 12 years, through a series of con¬ 
solidations of Poughkeepsie, Newburgh, 
and New ’York City organizations, Thad- 
deus Beal found practical experience with 
the gas and electric business of these cities. 
The Central Hudson Corporation was a 
culmination of some of these Consolida¬ 
tions, the merging of 'the Poughkeepsie 
Power Company and the Newburgh Gas 
and Electric Company in 1911 forming the 
nucleus. Of this n^w firm, formed after 
the death of his father* Mr. Beal was 
general manager, as he had been consecu¬ 
tively of the Newburgh Light, Heat, and 


Power Company* and the Poughkeepsie 
Light, Heat, and Power Company. On the 
first of "January 1927 he became president 
of a consolidation involving some 65 eastern 
gas and light concerns'. Mr. Beal was "a 
member of the American Gas Institute, 
the Society of Gas Lighting, the Engineers’ 
Club of New York, Delta Kappa Upsilon, - 
and was on the executive board of the New 
York Y. M. C. A. He had also served 
as a naval officer during the Spanish- 
American War. » 


William Ramsey Hendry (A’05) for 
the past 25 years active in the electrical 
industry upon the West Coast, and at 
the time of his death proprietoMKM manager 
of the W. R. Hendry Company at Seattle, 
Wash., died recently at his home in that 
city. A native of Montreal, Can. (1875), 
he removed to Tacoma, Wash., in 1892 
and engaged with the construction depart¬ 
ment of the Thompson-Houston Electric 
Company. Early in 1893 he was trans¬ 
ferred to the general repair" shop of the 
General Electric Company in Portland, 
Ore., but in the fall of the year he returned 
to Tacoma and entered the high school for 
a 2-year period. He then became armature 
winder for the City Park Railway Com¬ 
pany, Tacoma, for 2 years, after which he 
was identified with the Bernard’s Bay 
Mining and Milling Company, Seward City, 
Alaska, for a year, in charge of the installa¬ 
tion and operation of lighting and power 
machinery. His next affiliation iyas with 
the Coney Island and Brooklyn Railroad 
Company, Brooklyn, N. Y* The 1 'latter 
part of 1900 found him chief electrician 
for the Merritt Air Brake Company of * 
New York City, a position which he held —' 
until his return West in 19Q£ to work in the 
construction and operating, departments, 
and later the contracting department, of 
the Snoqualmie Falls Power Company, 
Seattle, Wash. His own Company was 
established in 1911. 


George Frame Ferguson (A’15, M’28) 
late of Arthur D. Riley and Company, Ltd., 
Auckland, N. Z., where he held the office 
of consulting and construction engineer, 
died there recently. Auckland was Mr. 
Ferguson’s birthplace; there too he received 
his early education at the so-called “state 
school” and a course in electrical engineering 
at the local technical college. In 1906 
When 20 years of age he came to the United 
States and engaged with the Commonwealth 
Edison Company of Chicago* Ill., remaining 
there until* 1910. Returning to New 
Zealand, the period from 1911 to 1925 was 
spent in various hydroelectric undertakings 
as assistant engineer on the Horo Ho£a 
development, the Lake Coleridge works, 
in the government’s hydroelectric depart¬ 
ment at Tasmania, in charge of high tension 
design and construction, and with tfife South¬ 
land Power Board on hydroelectric works 
and distribution.. He then returned to 
Auckland to become manager of the elec¬ 
trical department of Arthur D. Riley and 
Company, Ltd., representing Ferranti, 
Ltd., the Telegraph Condenser Company, 
the Electric Construction Company, and 
others, carrying out soipe of the largest 
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contracts in New Zealand, where he was 
recognized as a capable member, of his 
profession. He was an associate member 
of the Institution of Electrical Engineering; 
London, Eng., and* a chartered; registered 
electrical engineer. 


H. O. Swoboda (A’ 14, M’27) consulting 
electrical and mechanical engineer at 
Pittsburgh, Pa., and president and treasurer 
of H. O. Swoboda, Inc., died June 30, 1932, 
in the Pennsylvania Hospital of that city 
after a short illness. Mr. Swoboda was 
born “in Buchholz, Saxony, Germany, 
February 4, 1870, and received both his 
primary and ea rly technical training abroad. 
He was a graduate of the te chnical uni¬ 
versity at Darmstadt, Germany. From 
1890 to 1892 he was employed by Siemens 
and.Ha!ske, Berlin, Germany, as electrical 
engineer. He then came to the United 
States and joined the General Incandescent 
Arc Light Company of New York, N. Y., 
as chief electrical engineer and general 
superintendent. From 1899 to 1902 he 
held a similar position with The Falcon 
Electric and Manufacturing Company; 
from 1902 to 1907 he was employed by the 
H.O. S. Engineering Company, at Newark, 
N. J,; dating from 1908 he was for 2 
years consulting electrical and mechanical 
engineer in New York City. In 1910 he 
joined the Westinghouse Electric and 
Manufacturing Company at East Pitts¬ 
burgh, as assistant superintendent, but in 
1912, returned to his consulting work, 
establishing his own office (jt the city of 
Pittsburgh. Mr. Swoboda also has been 
a liberal contributor to scientific and tech¬ 
nical literature. He was a registered pro¬ 
fessional engineer of the state of Pennsyl¬ 
vania, and his *memberships included The 
American- SftciEty of Mechanical Engineers, 
the German technical society Technischer 
Verein, and the American Society for Steel 
treating. His social activities embraced 
those of tl^e Lincoln Club of Pittsburgh . 
and the Pittsburgh Athletic Association. 


IM 


Rudolph Rosbnstbngel (A’05) pro¬ 
fessor^ of electrical engineering at Gettys¬ 
burg College, Gettysburg, Pa., died sud¬ 
denly August 1, 1932, as the result of an 
embolism. He was 61 years of age and was 
born in St. Louis, Mo. In 1894 he was 
graduated from an electrical eti gin p aring 
course at the University of Wisconsin, his 
earlier education having been acquired 
in the public schools of Madison, Wis. 
For 2 years after leaving college, Mr. 
Rosenstengel was with the* Christensen 
Engineering Company Of Milwaukee in 
tiie capacity of draftsman; later he also 
performed 2 years of similar work for N. A. 
Christensen, also of Milwaukee, still later 
spending a period of 8 months in the design 
of several small electric motors in connection 
with these same interests. He then joined 
the Brodessor Elevator Manufacturing 
Company, but a year aiid-a half later severed 
this connection to identify himself with the 
Mechanical Appliance Company of Mil¬ 
waukee. In September of the year 1905 
he was chosen as instructor in me chani c a l 
engineering at the Michigan Agricultural 
College. 


oca 


Future Section Meetings 

e , 

Dallas • * 

September 19—Buffet supper at University Club.' 
Report op Summer Convention, by O. S. Hocka- 
day, delegate. Tribute to Vice-Pres;drne G. A. 
Muxs and Director B. D. Hull, by J. B. Thonias. 
Response by Messrs. Milfe and Hull. 

Lehigh Valley 

October 1—Inspection trip through the Reading 
Railway electrification at Philadelphia. 

Past Section Meetings 

Mexico 

Power Sales and the .Engineer, by J. M. Zil- 
boorg, Cla Hidroelectrica Guanajuatense. E. F. 
Lopez, chmn., gave a report of the summer conven¬ 


tion held at Cleveland, Ohio. Dinner. July 21. 
Att. 22. 

Montana c 

Business meeting.’ July 19. Att. g. 

Niagara Frontier 

^Executive committee meeting. July 25. Att. 

Past Branch Meetings 

Drexel Institute 

.. O 

Wind Power Generating Stations, by F P 
States, student. July 20. Att. 9. 

Fixed Ratio Synchronous Frequency Con¬ 
verters, by S. J. Croney. August 3. Att. 9. 

University of Louisville 

Atoioc Energy, by R. B. Craig, student, 
New Type Electric Clock, by L. B. Bryan- 
student. 


En.pl oynieni IVotes 

Of lL Engineering Societies Employment Service 


Men 

Available 

Construction * ' > 

GRAD. E.E.,,29; 6 yr. supervisory construction, 
design, estimating and field engg. experience on 
super-pwr. plants and substations; 4 yr. industrial 
•power plant operation, elec, construction tnd 
maintenance experience; ry. electrification constr. 
experience. C-4428. 

EXPERIENCED ELECTRICIAN. Col.Vad. 
Wide experience m ail branches of elec, installation 
5 . service including radio and photoelectricity, 
desires connection with movie studio. Location 
and salary no object. D-1309. 

9 i?’ E * U. of Kansas, 27, married, 

yr. technical experience m telephone pole line 
gonstr. and maintenance with Am, Tel. & Tel. Co 
Sue months experience as city engr., 2 yr. experience 
in highway engg. and reinforced concrete design 
and .construction. Available immediately, loca¬ 
tion, immaterial. D-1342. 

OUTSIDE PLANT ENGR., 27, single, B.S. in 
E.B. from Sheffield Scientific Sch. in 1927. One 
yr. experience in testing d-c ry. car lighting equip., 
4 yr. design and application of pole linetend under¬ 
ground hardwar*for telephone plant. D-1305: 

Design and Development 

,12 yr. Bell system and govt, plant 
snd field experience on sound picture; radio and 
telephone (manual, dial, repeater and carrier cur¬ 
rent) systems. Resign and devot. of manual and 


MECH. AND ELEC. ENGR.. inventive 
analytical, mature; 30 yr. designing engr. G.E.,' 
Crocker Wheeler and Westinghouse. Wide ex¬ 
perience m motor control systems and apparatus. 
5 °^ entlo P s extensively used. Desires devpt. work 

„ E.E. GRAD., single, 8 yr. switchboard and motor 
control designing, pricing, specifying, and writing 
specifications. Qualified designer, estimator, in- 
spector, or.genl., resident, operating and consulting 
engr. Excellent references from 2 elec, mfg, com- 
&-3530 Ava able ‘“mediately. Location, U.S. 

• ?•§:■ ^ c? 1 - «rad., 8V* t yr. diversified experience 
including' test and central station engg. with G.E. 

construction and system devpt. for a 
large utility; plant engg. with a large industrial 
concern; also l‘/t yr. small plant power and re¬ 
frigeration operation and maintenance. C-5727. 

design > ° r “fe- engr., E.B. 
grad., 27, married, 6 yr. experience with Westing¬ 
house on distribution, special and small transformer 
designs. Desires responsible position as trans- 

J- pt ‘ or mfK - c ? gr - °. f elec. engr. for' 
oug., utility, holding co M or where knowledge of a 

h^Xte“ yS D^963 0dS may bC U3ed ‘ Av " labIe 

E.E.,. univ. grad., elee. pwr. experience,- both 
design work and construction and maintenance 
work, desires position with pwr. or mfg. organiza- 
tion offwin| permanent or temp, position in office or 


C-9376. - 

. REFRIGERATION ENGR., ’, 33, married, 
A.B., E.E., also member Phi Beta Kappa and Sigma 
Xl Extensive experience in designing Ranco ther¬ 
mostatic; relays, H/s yr. experience in study and 
design of humidity and room temperature control 
apparatus. Desires work with refrigerator mfr., or 
T?'io?n at »conditioniifg field. Best of references. 
JD-XOXO. . ‘ ’ 

DEVPT. AND DESIGN ENGR., B.S., E.E., 35, 
married; 11 yr. experience elec, construction and 
design, also devpt,, asser%bly, and testing of oil & 
gw elec, equip, including engine testing and devpt. 
of elec, control, and engine cooling systems. Can 
-assume full responsibility* of devpt. program; 
Avjulabte imm<*Uately, ^Location, immaterial. 
D-1277, • • <•••*. - 


Executives 

-INgUSyMAL AND CENTRAL STATION' 
e NGR., Cornell grad. Married, 15 yr, practical 
experience on design, .installation and operation 
of manual ana, automatic elec, control for industrial 

.ajjafsaasr'B^r: 

P J LA ^ T ENGR., ASST. EXEC., E.E.rM.E. 
grad., 20 yr. broad experience in and with mech, 
trades on construction and plant maintenance; in 
modem design, manufacture and installation of 
equip, .- design, and layout of plant. Special train- 

ltltr flftn gmanatiAa ll...____. « 


EXEC. ASST, available; RE. grad., 37; 12 yr. 
utility experience. Appraisal work, of power 
plants. Substations, transmission’ and distribution 
systems, rate investigations r covering industrial 

Electrical Engineering 




service, residential. and commercial, cost studies, 
statistical research', operation in plant: equip, and 
lines. GJ3. test course. B-9782. ' - 

INDUSTRIAL PLANT ELEC. EFFICIENCY 
EXPERT, 36, with steam engg. and elec. engg. 
diploma and 12 r$r. industrial plant experience, 
desires position with opportunity. Will go any¬ 
where. B-7004. 

ELEC. AND CHEM. ENGR., experienced iS 
tel. and tel. communication including devpt., tnfg., 
and operation, 37, married. Can 611 any suitable 
position requiring initiative, wide experience, and a 
large acquaintanceship in the communication indus¬ 
try. C-1971. 

E.E. GRAb., 38; 17 yr. experience, construc¬ 
tion, installation, maintenance, inspections, tests, 
pwr. plants and substations, distribution (high and 
low tension), 1 yr. operating, familiar with So. 
Am., speaks several languages. Available at once, 
home or abroad. Best of references. C-2021. 

E.E. GRAD., 46, married. G.E. test followed 
by 20 yr. experience in transformer design and 
manufacture with the large', companies, Desires 
connection with elec. mfr. or,pwr. co. Available 
on short notice. C-8806. 

E.E , M.I.T.; 1921; Columbia Univ.; • 32, 

married. Engr., consultant, editor, tech, sales 
rep. Broad exper., U.S., Canada, communication 
apparatus, .circuits; telephone, telegraph; voice, 
carrier, radio frequency; amplifiers, sound pictures, 
program transmission. Built, directed electro¬ 
acoustic testing lab. Experience, employment; 
patent consideration, court testimony; magazine, 
newspaper publishing;'* lecturing; publicity. Pre¬ 
fer New York. . D-1315. 

E.E;, B.S. in E.E_, Iolva St. Col. 1929; ',32, single, 
worked way through col. 3. yr. group leader, 
Westinghouse ‘transformer test, including power, 
distr.; and instrument .transformers, a-c welding 
oytfits, special apparatus. Liberal shop experi¬ 
ence. . Interested,. exec, position, . supervision, 
design, and constr.; inspection and testing. Refer¬ 
ences. Location immaterial. Available immedi¬ 
ately. D-1081. 

. • 

E.E., univ. grad., pwr. experience, desires position 
with pwr. or mfg. co. Devpt. work preferred, but 
not essential. B-1923. .. . 

E.E.,. 20 yr. experience in design, maintenance, 
and construction of central and substations; equip, 
of buildings and industrial plants, desires a connec¬ 
tion with utility or factory. Specialized work, in 
protective circuits, metering problems; automatic 
elec.-control of conveyors, substations, condensers, 
and combustion systems for boilers. B-7290. 

ENGR.-ACCOUNTANT. E. E. deg., 1912, 
special study in accounting, exec, experience, 10 yr. 
with pub. serv. commission and 7 yr. mgmt. corp. 
making appraisals, audits, rate studies, and investi¬ 
gations all classes utilities both U.S. and Latin 
America. Available soon. C-2569. 


plants, handling, conveying, and process equp. : 
Taught heat pwr. engg. at Oregon St. Col. and 
elec. lab. at Beaune, France. Location, immate¬ 
rial. A-3651. 

E.E. GRADy 1930,27, single. Fourteen months 
G.E. test. Five months assignment in G.E. 
research lab. Experience also includes teaching 
E.E, subjects _ for 7 months. Desires position 
as instructor in E.E. subjects or physics with 
opportunity of taking grad. work. D-136. 

PROFESSOR, B.S. (E.E.), M.S., and-E.E. deg., 
Colorado and Cornell, 38, 9 yr. experience teaching 
elec. engg. subject^and engg. physics, 9 yr. practical 
experience in varied fields! ^Available for Sept. 
D-1351. 

INSTRUCTOR, elec. lab. and trade training, 
grad. Lowell Inst, auspices M.I.T., elec, and indus¬ 
trial mgmt. courses, Mass, and Conn, teacher's 
certificate, 44, married. ^Twenty yr. elec, utility 
operating experience, maintenance electrician, 
contracting, secy. Elec. Lines Club, chairman meet¬ 
ing and papers committee, Mass. Assn. Municipal 
Elec. Inspectors. C-8411. 

PHYSICIST, 49, married., Ph.D. Seven yr. 
univ. teaching experience, Yale, U. of Ill.; 1 yr. 
study, Rutherford, England. Fifteen yr. experi¬ 
ence, directing, carrying on research in heat trans¬ 
mission and phases elec, and mech. lines 2 large in¬ 
dustrial concerns. Present position being dis¬ 
continued. Desires position of responsibility, 
univ. teaching or in industrial research. D-1366. 

E.E. GRAD., 26, single, excellent physical condi¬ 
tion. One yr. experience installation, testing 
telephone exchange equip. Three yr. teaching 
pub. sch. Grad, small bus. col. Considerable 
training, experience, selling. Not afraid of hard 
work. Interested in position requiring engg. knowl¬ 
edge or teaching experience. Excellent references. 
Correspondence invited. Location, immaterial. 
Available immediately. D-1076. 

E.E., married, good health and strong physique, 
M.S. in E.E. 1932 with thesis on mercury tube 
voltage, regulator, 3 yr. teaching engg. drawing 
and descriptive geometry iq large univ., clever in 
adjustment am? repair of mech. and elec, devices, 
machinist experience. Westinghouse grad, student. 
Prefers teaching position, but anything considered. 
D-445. ... 

MECH.-ELEC. ENGR., 32, 4 yr. Cornell design 
instructor; 6 yr. Allis-Chalmers design; liberal 
shop experience; 5 yr. cooperative apprenticeship. 
Will consider anything, anywhere, now available. 
Salary open. D-122. 

Junior Engineers 

E.E. GRAD., U. of Pittsburgh, 1932, single, 27. 
Five yr. various elcft. experience including wiring, 
radio,. substation operation and maintenance, 
experience on oil circuit breakers, and several 
months’ experience testing pwr. relays. Prefers 
portion with utility. D-1249. 


student, 7 mos. utility co. student. Speaks Ger¬ 
man well, wants ; w<>rk. Salary secondary. Loca¬ 
tion,- immaterial,. D-1072. 


GRAD. E.E,, B.S., A.B. from -a foreign' univ,,. 
desires position with a mfg. co. or a utility in trans¬ 
mission, distribution or testing lab. or elec. ry.. 
Available on short notice. Location, immaterial. 
D-IUO. 


E.E. GRAD., ’32. Married, 24. Experience 
includes 6 months asst, radio ener. at broadcast 
station, amateur 3 yr., 6 months auto. mech. 
Holds radio broadcast and amateur licenses. Very 
good references. D-1360. > 

E.E. GRAD., 1932, Mississippi St. Col., single, 
30, excellent health. Two yr. marine electrician, 
U.S. Navy; 2 yr. engr. and operator local It. and 
heat plant, Union Univ., Jackson, Tenn.; illumina¬ 
tion experience. Desires position with future. 
Available immedlatelyr-anywhere, South or West 
preferable. D-1269. 

B.S. in E.E. 1932. Ohio Univ., 22, single. 
Desires position with utility or mfg. concern. 
Wiring and repair experience. Particularly In¬ 
terested in work with motors ag^aagenerators. 
Available immediately. Location, immaterial. 
D-1280. 


B.S. in E.E., 1931 grad., single, 24, desires posi¬ 
tion in elec. engg. preferably teaching or research. 
Two summers’ experience with elec, contracting 
cq. Was grad. asst, at col. this yr. High scholas¬ 
tic record. References. Salary and location 
secondary. Available immediately. D-1259. 

E.E., 27, single, available Nov. for responsible 
position abroad, British West Indies preferred. 
Eight yr. practical experience in large Canadian 
repair shop handling all types pwr. equip. Three 
yr. executive and sales. Able to take charge repair 
dept, industrial concern or pwr. co. Knowledge 
of industrial engg. Excellent references. C-8336. 


B.S. IN E.E. 1932, 23, single. Five yr. coopera¬ 
tive course, 18 mos. experience with telephone and' 
pwr. co. Winner first award South Eastern 
A.I.E.E. convention. Salary immaterial at start 
Available at once, location, U.S. D-1304. 


B.S. IN E.E., New York Univ., 1932, single, 
21, member Tau Beta Pi. One summer’s experi¬ 
ence in test dept. United Electric Lt. & Pwr. Co. 
Industrious, intelligent worker who can take and 
give orders in right manner. Location, salary im¬ 
material factors. C-9434. 

E.E! GRAD.,’*28, B.S. ’27. Four yr. wfth large 
mfg. concern. Special training ih engg. funda¬ 
mentals (elec, and mech.) as preparation For devpt. 
work. Desires, position with mfg. concern, utility, 
teaching or as asst, to consultant. D-1290. 

E.E. GRAD., 1931, Mid-West univ., 25, single, 2 
yr. experience with elec, contracting and constr, co. 
Desires position in the illuminating* field: Loca¬ 
tion, immaterial and available immediately. D- 
1365. 


Inspection 

GRAD. E.E:, 1927, single, 3 yr. experience as 
inspection engr. and supervisor; 1 yr. of meter 
testing. Locatiqn in the East. Available im¬ 
mediately. C-3213. ■_ 

Instruction 

M.E.; M.S., 26, tingle. Four yr. experience in 
telephone work. Desires teaching or engg. work of 
any nature except sales. Available immediately. 
Location, immaterial. D-1225. 

GRAD. E.E., 7 yr. teaching, 18 yr. practical 
experience. Last 12 yr. in mechanical lines; 
steam, gas, air, and water engg., ore and alkali 


GRAD. E.E., 29, single. Desires connection 
with constr., utility, mfg. or holding co. Five yr. 
expefjence designing both a-c and d-c motors with 
large elec. mfg. co. Aggressive and capable of 
assuming responsibility. Excellent references. 
Available immediately. D-944. 

RECENT RENSSELAER POLY. INST. 
GRAD., E.E., 1932; Sigma Xi; tingle; 22. 
Summer experience in engg. and standardization 
dept, of large mfg. concern. Desires work in any 
engg. field. Salary and location secondary. 
Available immediately. D-1296. 

B.S. in* E.E., 1931, Armour Tech.', 23, tingle, 
experience, 6 mos. telephone! 3 mos. G.E. Co. 


'ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th St 
New York 


M AINTAINED by the national societies of civil, 
mining, mechanical, and electrical engineers, 
in cooperation with the Western Society of Engi¬ 
neers, Chicago, and the Engineers' Club of San 
Francisco. An Inquiry addressed to any of the 
three offices will bring full Information concerning 
the services of this bureau. 

Men Availeble. —Brief announcements will be 
published without charge) repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months? 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the mdnth. , 


Opportunities,—A weekly bulletin of engineer¬ 
ing positions, open Is available to members of the 
Sooperatlng societies at a subscription of $3 per 
quarter or$10 por annum, payable In advance. 

Volqptary Contributions.—Members benefiting 
.through this service are invited to assist In its further¬ 
ance by personal contributions made within 30 
days after placement on the basif of 1.5 per cent of 
the first year’s salary. : 

Answers to Announcements. —Address the key. 
number .indicated In each cate and mall to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 


E.E. GRAD., Purdue, 1930. Single, 24. Two 
yr. communication experience and training with 
Am. Tel & Tel. Co., including outside line and 
cable construction; test room operation, carrier 
systems! etc., also Morse telegraphy. Not afraid 
of hard work. References gladly furnished. 
Available immediately to go any where. D-1075. 

. E.E. GRAD., 29, married. Five yr. with 
Western Elec. Co. Experience most valuable for 
communication engg., but also desires work in re¬ 
search lab. or any engg. field. Good scholastic 
record. Available anywhere on short notice but 
East preferred. D-1323. 

* 

M.S. In E.E., 1932, 22, single. Technical ex¬ 
perience with X-ray and glow discharge tubes. 
Desires position in teaching or engg. field. Salary 
and location immaterial. Available after Sept. 10. 
D-1375. 

B.S. in E.E., 1932. Married. Some experience 
in surveying. Location, immaterial. Prefer work 
in elec, field but will consider anything. Avail¬ 
able immediately. D-1373. 

B.S. in E.E!) 1932, 22, single. Good references, 
desires engg. work with future. Location, immate¬ 
rial. Available at once. D-1374. 

*» 

Maintenance & Operation 

FOREMAN, 37; single, desire foreign or domestic 
connection involving constr., operation or main¬ 
tenance (elec.) or pwr. houses, substations or in¬ 
dustrial installations of all voltages and capacities. 
Has had 3 l /t yr- experience in Latin America with 
Am. holding co. Available now. Location,, im¬ 
material. D-1343-328-C-l-San Francisco. 

ELEC. MAINTENANCE ENGR.-operator- 
elec. foreman-inspeetor-electrician-tech. grad., 30. 
Twelve yr. Experience. All types industrial and 
mining equipment. Construction and operation 
’ of hydroelectric, steam, pwr. plant, outdoor switch¬ 
ing stations; transmission lines distribution and 
telephone systems; elec. ry. Seven yr. Latin 
.America, References. Knowledge Spanish, 
Portuguese; D-1353, 

; ' X 
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Patents 

PATENT ENGR., comprehensive experience 
including: preparation patent applications t analysis 
patents for essential scope, tests marketed products 
to_ ascertain infringement, test and testimony in 
litigation. Familiar, elec., acoustic, wire com¬ 
munication, radio fields. Qualified by basic prepara¬ 
tion Ph.D. in physics to do effective work in other 
enggi^branches. Can conduct research if desired. 

* Research 

RESEARCH ENGR., B.S. in E.E., Pennsyl¬ 
vania St. Col., 1930; V/t yr. experience as statis¬ 
tician-research engr. on industrial and marketing 
surveys. Can speak Spanish fluently. C-7551. 

INVENTOR, just completed invention of office 
machine of cash register type desires income. 
Exceptionally qualified for inventive, design or 
research work and > has widely varied experience 
including automobiles, elec, equip.,. and utilities. 
Education, E.E. and business administration. 
G.E. test. No better or harder worker be 
found. Any location. C-9820. 

E.E., MiS~:S9, Ph.D., Calif. Inst. Tech. *32. 
Research work dealt with measurement lighting 
currents, use high and low frequencies and surges in 
dehydration of crude oil emulsions, and cracking of 
gasolines. Two yr. experience, electrician, pwr. 
plant test engr. Desires position, where experi¬ 
ence, and training will be useful. Single, 28. 
D-1350. 

GRAD., ’23 Sc.M., M.I.T. and Harvard 
28; Sc.D. M.I.T. June ’32; 38, single; 9 yr. 
practical experience, pwr.-and-communication engg. 
Two yr. testing'course. Speaks Swedish, English, 
German;c. reading knowledge French. Desires 
position preferably in line of communication engg. 
Available. Location, immaterial. D-747. 

PUB. UTILITY RESEAR'CH; U. of Ill. grad., 
36, pa amed. Twelve yr. experience consulting field 
charge of transit and street traffic operating surveys, 
pwr. and other utility rate, regulation, franchise, 
v alu ation, and financing investigations, 
principal eastern, mid-west and southern cities. 
Open to either permanent or good temporary assign¬ 
ment. B-446. 

. MEDICALLY INCLINED 1930 E.E. grad, 
industrial experience, desires elec, work, hospitai, 
medical school or research lab. where experimental 
or practical work is being done in applied elec, 
otudied electrotherapeutics past year. Salary 
seconcaxy to opportunity to study this special 

SSEtoS’«d5f“g2S 97 I ”*“ d ’ *■“■* 

E.E. GRAD., Bucknell 1928. Single, 26. One 
yr. experience research dept., of large engg. corn . 
^yr. experience and training with Am. Tel & Tel. 
Co. including outride hue and cable constr. and 
testing meljhcis;- also familiar test room opera¬ 


tion and methods. Excellent references. Avail¬ 
able immediately. Location, immaterial. C-4528. 

Sales 

., SALES ENGR., E.E. deg., 30, single, 3 l /» yr. 
high grade sales experience selling industrials and 
educational institutions, contacting distributors 
branches, etc. Good correspondent. 1V» vr 
‘* e P t - j ar ® e Iv* yr. elec, testing 

lab. Some elec, contracting. Desires position of 
promise with mfg. concern. Mid-West preferred 
not essential. Available one month. D-1344. ’ 

ASSOC. A.I.eCe., single, 26, E.E. Grad. J. H. U. 
Experience: 6 mos. r switchgear'testing; 3i/* yr! 
as motor control engr,, including shop, engg,, and 
sales work; 6 mos. as jobbers’ salesman. Familiar 
with industrial control design, application, and 
estimating. Desires any engg. position, with 

1368 rtUnity- EaSt pre ^ erred ’ not ess ential. D- 

r 

GRAD. E.E., 1926, Columbia, 29, married. 
Practical experience with pwr. and telephone com¬ 
panies. One yr. lab. asst, in elec, classes and 4 yr 
instructor m evening classes in col. mathematira 
Engg. sales experience. C-0308. 

• GRAD., 29, single. Seven yr. with elec, 
utilities covering distribution planning, operation 
customer contacts, etc. Substation design, eauio’ 
recommendations, voltage studies, relay setting! 
fn *}'«o mo , nth f experience changing system from 
30 to 60 cycles, involving industrial electrification' 
uses of . electricity. Can write reports! 
C^5960 f PWf ‘ Sa eS work> Available immediately. 

-i ? ,S> JL N E - E y Professional Engr., N. J., 34, mar¬ 
ked; Storage battery, automotive elec, sales and 
service, 5 yr. heat and sound insulation sales engg 
contacting architects, engineers, job supervising. 

en 8F- contacting architects, 
®ofiTr.» New York, New Jersey, 3 yr. inventive 
ability and experience. C-75. uve 

NATURAL GAS HEATING, VENTILATING 
EMeP HNGR.,27, grad. B.S. in 

avAi: 

SALES ENGR., single, grad. E.E.: 7 vr ex. 

. s fie®.* equip- (motors, generators, 
to *u dust " a i.Plants located in the East ancl 
Mid-West teiritories and 13 yr. connection with 
large utilities in industrial sales work and as super¬ 
visor of pwr. sales dept C-5546. Per 

^5’ 2 yr- practical work, re- 
^?. a f ck f y* Capable of speaking, reading 

whlinT + nB * Spa ? 8 1 h r flaentl y- Available at once, 
Ste if necessary. Class of 1930. 

Willing to study under sales engr. as applicant has 
2 yr. selling experience. C-90027 w 


Ranson, Richard R„ elec, engr., Cutler Hammer, 
Inc., Milwaukee, Wis. 

Schnautz, Wm. J., outside plant engr., N. Y. Tel. 
. Co., Buffalo, N. Y. 

Spring, Ernest W., research engr., Detroit Edison 
_ Co., Mich. 

Staehle, Daniel, Jr., elec, cngr^rank Adam Elec. 
. Co., St. Louis, Mo. 

Stme, Wilmer E„ research and welding engr.. 
r Lincoln Elec. Co., Cleveland, O. 

Wiison, Archibald F., asst, vice-pres., Ohio Beil 
Tel. Co., Cleveland. 

Youngstrom, N. C., member tech, staff, Bell Tel. 
Labs., Inc., New York. 



Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute, Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after the name 
Any member objecting to the election of any of 
these candidates should so inform the acting 
national secretary before Sept. 30, 1032. K 

Berthold, R. V., Assonet Beach, Mass. 

Buab /> J- A- . Th ® Commonwealth & Southern 
Corp., Birmingham, Ala. 

Hanson, V. A., (Member) Mechanical Pwr. Engg 
Associates. Bklyn., N. Y. B 

S -»•. SheH Oi! Co., Seattle, Wash. 

IZM N Y*’ Bd ' ° f lru,,i) l >ortati °u. City of N. Y.. 

*“&!', T * L * Td - 

Mitchell, S. R., 1840 Lincoln St., Denver, Colo. 
Niemann, A. W., Bell Tel. Lab., Inc. N V fiitw 

?n? en, i > rir < w 1054 C2nd St ” Bklyn., N. V. * y 
Spiegel, W. F., Ry. Express Agency, Inc., Hoboken, 

St ° n p«tSlmrIh 8 Pa gh0USC E1CC - & Mf «* Co - 

Thi 0 cke m T n E R, AV’ *• Av P e ~ Summ,t ’ N * *• 

Th Quebe?'' Alunun,Un Co - ot Canada, Montreal. 

16 Dom<£#’ Kaaaaa CUy Pwr * & Lt * Co - Mo - 

Foreign 

AllZ vSera A Est n iV.^n„ A v n . mft * E,eot - d « 

rSum w C lfl nL Hong Kong. China. 

ail ’ . vi*- Jr* Bondorau Parade. Mont 
Koiavl« ef v ^p? lb S urnC £. Australia. ' MOnt 

corelSo.fndia^ Stttti ° n Kottajram ’ Trav ™~ 

D <**- Govt., 

Ltd R Gaya G iidia nffK - & E,Ca Pwr ‘ Sup - <*•» 

9 Foreign 


Recommended 
for Transfer 

*y T ioaf 0 Sfi of Exami uers, at its meeting of Jnlv 
^““ended the following members for 
*o. the grade of membership indicated 

^ ^K C rt,° n t8 - these transfers should be filed at 
once with the acting national secretary. 

To Grade of Fellow 

s&r*" a a, c-. sc. ot A P . 

SidS,n. M " 01 A A, Univ. o, Wbcopda, 

01 b “ td ' El«. 

MCM sft'tS ed (2^r B '“ h p '°'- <* A A. Oregon 
To Grade of Member 

BolsterU, ArthurTri^J^*’ £badeston.JW. Va. 
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0011 Co^a^n, O'. proprietor - Congleton Engg. 
Cry > Bristo A Va d PrM -’ Crymble E l®«- Co., Inc., 
asst< engr - Housto “ ^ 
e |a5d nd0lph ’ Pre8 ‘* 0bio Tel. jfo., Cleve- 

^ .w 

m 'lb e c! r E?« r Ry SU g t o °^“ S - and distribution, 

S. e Airica y suppl y T «»Ssio^ t 'JohannSbixrgl 

pas i s?- prrf - ° f «• 

' Ei ( w c“o:; C p ? N! ! Y 8 d» p ” t - “ w ' • w "t“« 

Ctevelwd, o R *^ eIec - msr - Genl. Elec. Co.. 

A A, Univ. of 
- «"«■—*.» 

PeSonf E^'s^ritei;^ 0 ran B e 'N- J. 

Genl. Elec. Co!! PMla^P^ COmmercia l engr., 

Ci.^y cUy^T^i^' 6entral Pwr * & 


AJJ] 


restses 


w 


antei 


by A theVoitalTmhorlI^1 ! ,“f£i ,a ,“ teturned 

Amj^^mcmbe^know^ng^f corrccti Ia ^l^ e if C ^ rda * 
dresses win irinriiw ^ corrcctioflB to these ad** 

a“;, Vf. lAbvVMt-m, 

™‘A. a 

SS ‘f^ssf “I*- 4 * 1 *”! 10 A ”" 

„ Provfd^ol., 10». 



Leningrad, U.S.S.£ y Bereg ^evy Kv. 61 , 

^ilMamaport, 

Electrical Engineering 



Engineering Literature 


course in industrial-management, with 117 cases 
given to conveys concepts underlying modern 
m *pagement; i. e., specialization, diversification, 
and integration; also their application to. man®* 
Senai control of raw materials, labor, plant, and 
g equipment. To train the student to realize sig¬ 
nificant facts in managerial problems and to use 
them basically. 


New Books 

in the Societies Library 

Among new books received at the 

Engineering Societies Library, New York, 
during July are the following which have 
been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed ha«e been 
presented gratis by the publishers. The 
Institute assumes no responsibility for state¬ 
ments mad.e in the following outlines, in¬ 
formation for which is taken from the 
preface or text of the book in question, 

PUNNING FOR RESIDENTIAL DIS¬ 
TRICTS. Rd. by J. M. dries and J. Ford. Presi¬ 
dent's Conference on Home. Building and Home 
Ownership, Washington, D. C., 1932. 227 p„ 

illus., cloth, Jtl.OO.—The final reports of 4 com¬ 
mittees of the President's Conference on Home 
Building anti Home Ownership; viz., city planning 
ami zoning, subdivision layout, utilities for houses, 
and landscape plannliTg uml planting. This is a 
compact presentation of principles and practises, 
most interest!sag to plumiing 'commissions, public 
officials, civic improvement associations, and home 
owners. The various committees included well- 
k*nown Specialists in each field, and their findings 
arc the result of wide experience. 

RKFRIOERATIlSrO DATA BOOK AND 
CATALOO. 1st. etl-, 1032-1933, Am. Soc. of 
Ucfrig. fingrs., N. V-, 1932. 480 p., 120 p., cat. 
information, illus., 10x6 in., leather, $3.60.—The 
basic data of refrigeration engineering are brought 
together in this volume which will l»c welcomed as a 
convenient encyclopedia of current practise. The 
various topics have been treated by specialists with 
the assistance of an advisory committee appointed 
by the society. Principles, equipment, and uses all 
are discussed. 

STRESST?S IN FRAMED STRUCTURES. 
Pt. 1. Design of Steel Mill Bldgs. By M. S. 
Ketchum. In. Y. Sr bond., McGraw-Hill, 1032. 
217 p., 0x0 in., cloth, $2.60.—This book covers the 
calculation of the stresses In simple beams, trusses, 
portals, the transverse bent and the 3-hInged arch, 
and la Intended as a beginning course in the sub¬ 
ject; 40 problems which cover the calculation of 
stresses in practical ly all types of simple roof and 
bridge trusses, beats and portals, are solved. Both 
algebraic and graphic methods of calculation are 

g iven. Reprinted from the author's “Design of 
iteel Mill Buildings.*' 

SUPBRHKAT ENGINEERING DATA. 7th 
rev. ed. N. Y. 8e Chic., Superheater Co., 1932. 
263 p., tUus., 7x6 in., leather, $1.00.—A useful collec¬ 
tion of rules, formulas, numerical 1 data, and other 
information frequently wanted by steam engineers 
and power plant operatives interested in super¬ 
heating. Ixr addition to the general data, the prod¬ 
uct# of the publisher are described and their use 
illustrated by a variety of typical installations. 

TEXTBOOK OF ELECTRICAL BNGINEER- 
„ INC, 1931. London. H. M. S. O., may be pur¬ 
chased in TJ.S. from British Library of Information, 
N, Y. 64A P-. Ulus.. 0x6 in., cloth, $2.88.—Pre- 
pared for engineer officers of the British army m 
its •electrical service. The generation, trans¬ 
mission, distribution, and utilization of electricity 
are discussed in a thoroughly practical way, with 
special reference to the needs of military encamp¬ 
ments- barracks, etc. The entire range of e ec- 
trical work: is .covered in a severely practical 
manner. A. book which seems well adapted for its 
purpose. 

* THEORY' OF DIELECTRICS. By A.Schwoi- 
gcr. transl. by R. W. Sorenson. • N, John Wiley 
& dons, 1932-. 480jp Illus., 9x0 in., cloth, $0.60.— 
Tltis translation of the second edition of "Elek- 
trische Festiffkeitalehre* ’ is Intended to fill the needs 
of engineers and students in search of a compre¬ 
hensive, readily understandable presentation of the 
laws of dielectrics. The book it divided into 3 
parts, devoted to puncture, arcover, and .the 
practical applications of high-voltage engineering. 
In addition to reviewing the work of others, con¬ 
siderable original work is included. Includes a 
Ust of references to other German publications. 

UNIT PROCESSES AND PRINCIPLES OP 
CHEMICAL ENGINEERING. ByJ. C. OUem 
N. Y., D. VanNos brand Co., 1932. 068 p..illus. 
9x0 in., clotb, $5.0(7.—In preparing this textbook, 
the author bos ^endeavored to present the funda¬ 
mental chelipl 0 *! and physical principle* deter- 
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xmmng the course of any given chemical reaction, 
tne so-called umt processes which must he utilized 
in carrying it out upon a commercial scale, and the 
combination of these processes iO proper sequence 
and coordination.' The processes selected for treat¬ 
ment are the most important and most fully de¬ 
veloped ones. Each chapter is by a specialist. 
An excellent introduction to chemical engineering. 

-WESTERN AND ATLANTIC R. R. OF THE 
STATE OF GEORGIA. Compiled by J. H. 
Johnston. Atlanta, GaQ Pub. Serv. Com., 1932. 
304 p., illus., 9x0 in,, leather, $5.00.—This volume 
traces the history of a state-owned railroad from its 
inception to the present day and describes its 
varying fortunes under state operation and in the 
hands of successive lessees. The volume is based 
upon official records and primarily, is intended to 
supply legislators of Georgia with a convenient 
record of essential facts. It is also an interesting 
addition to the history of American railroads. 

ALLGEMEINE UND TECHNISCHE ELBK- 
TROMETALLURGIE. By R. Mailer. Vienna, 

J . Springer, 1932. 680 p., illus., 9x6 in., cloth, 
2.60 rm,—This work is to provide in one volume 
a concise yet thorough treatise on electrometallurgy 
and the electrochemical properties of metals, em¬ 
phasizing commercial methods of production, but 
noting others briefly. Admirable as a good survey 
of current methods, with abundant references to 
literature and important patents. 

ATM ARCHIV FttR TECHNISCHES 
MESSEN. Lieferungen 4-12, Nov. 1931-June 
1032. MUnchen und Berlin, R. Oldenbourg. 
Illus., 12x0 ln„ paper, 1.50 rm. each.—A com¬ 
pendium of measuring instruments and methods, 
intended to cover in 5 vols. the whole tech, measure¬ 
ment field. Parts issued monthly and sold singly, 
each with a 2- to 4-p. review of some dozen instru¬ 
ments or methods and giving ref. to orig. sources. 
Classified by the Decimal system and a special 
system, and arranged for loose-leaf binding. 

AUSGEWXHLTE SCHWBISSKONSTRUK- 
TIONEN, Bd. 3. Rohrleitungs- und Beh&lterbau. 
By Holler and A. D. Fink. Berlin, VDI-Verlag, 
1932, 88 p., illus., 12x9 in., cloth, 12.60 rm.— 
A set of 88 plates on the application of modern 
welding for container and pipe line construction. 
They present a wide variety of apparatus selected 
to show the advantages of welded equipment for 
chemical factories,-) steam plants, etc. Explana¬ 
tions in English. 

6LECTR1CIT6 ET MAGNETISMS 
(MEMENTO D’ ELECTROTECHNIQUE, v. 1). 

A. Curchod. Paris, Dunod, 1932. 526 p., 
illus., 8x6 In., cloth, 99 ffs.—Latest addition to 
handbooks on elec. engg. by the editor of "Revue 
Gdndrale de l’Electricitd,” and written to provide 
the practising engr. with a concise and accurate 
ref, work similar to the well-known Am. and 
German handbooks. The first of 4 v., it discusses 
math., units, fundamental laws of electricity and 
magnetism,_ measurements and matls. Includes 
several bibliographies. 

BLEKTRISCHE INDUSTRIEOFEN FGR 
WEITERVERARBEITUNG. By V. Paschkis. 
Berlin, J. Springer, 1932. 305 p., illus., 9x6 in., 
doth, 31.50 rm.—Intended to present a systematic, 
comprehensive work on the dec. furnace to meet 
the needs of designers and users. The principles 
of design, methods of regulation, matls,, andtbe 
economics of elec; furnaces are considered. Various 
Constructions and their elements are treated # at . 
length. Limited to resistance furnaces, explicit 
direjtionssfor design being given. 

ELEKTRISCHES KOCHEN, By F. Mfirtzsch* 
Berlin, J. Springer, 1932. 178 p„ illus,, 10x7 in., 
doth, 8.50 rm.—A report of semi-popular style, 
based upon a series of studies made by dec. plants 
and elec. mfrs. of Germany, to promote the genl. 
Introduction of elec, cooking sudwtr-htg. apparatus 
for homes, hotels, and institution!. Includes design 
of effident apparatus and the finding of proper 
rates, therefor; also compares elec, heat with 
gather ldnds. 

Graphs for engineers and archi- 

TBCTS. By D. H. Lee. Lond„ E. & F. N. 
Spon, Ltd.; N. Y„ Spon & Chamlwrlain, 1982. 
88 p.? illus., 11x9 in., leath., $2.00.—These graphs 
treat of a variety of matters in buildmg design and 
construction and are intended for quick design and 
checking of calculations. Those for determining 
safe loads on brick piers and steel .timber, and 
reinforced-conorete beams, stanchion. . stresses, 
wind stresses, panel loads, floor constructions, and 
similar problems are given and discussed. 

INDUSTRIAL MANAGEMENT.; By E. C. 
Robbins and F. B. Fobs. 1LY;&Load., McGraw- 
Hill, 1932. 757 p.y ulus., 9x6 in., cloth, $5,00.— 
Her4 the'“ewe system" is appSed to a beginner's 


INTRODUCTORY COURSE IN PHYSICAL 
CHEMISTRY. By W. H. Rodebush and E. K- 
Rodebush. N. Y., D. Van Nostrand Co., 1932.. 
421 p., illus., 9x0 in., cloth, $3.76.—A textbook 
basefi upon a Univ. of 111. course; for. college 
Juniors with training in “chemistry, physics, .and 
calculus. Fundamental principles are given in a 
clear, precise manner. The course is designed for 
a year and presents the material usi*aily included 
in such courses but with some novel methods and 
arrangement. 

PHYSIKALISCHBS HANDW5RTERBUCH. 
By A. Berliner and K. Scheel. 2 ed_ Berlin, 

J. Springer, 1932. 1428 p., illus., 11x8 in., paper, 
96 rm.—Besides defining terms and concepts of 
classic and modern physics, this book gives much 
on astronomjr, mathematics, geodesy, geology^ 
physical chemistry, engineering, aftd "Other related 
subjects. It is encyclopedic, with articles signed, 
and frequent ref. to other information given. 
Invaluable, especially for those not versed In 
p.hysica, and for physicists desiring quick orienta¬ 
tion in subjects outride their field. The new edition 
is half again as large as the former. 

PRINCIPLES OF REFRIGERATION. By 
W. H. Motz. 3 ed. Chicago, Nickerson & Collins 
Co., 1932. 1019 p., illus., 9x6 in., cloth, $7.50.— 
Giving fundamentals in the operation of refrigera¬ 
ting machinery; the properties of the usual media; 
design, construction, and operation of "“the appa¬ 
ratus; also important applications of refrigeration 
set forth practically and non-mathematically.' 
Adopted by the Natl. Assn, of Practical Refrigera¬ 
tion Engrs. for its national lecture courses. Re¬ 
written and considerably enlarged. «■ 

RECENT ADVANCES IN TOWN PLAN¬ 
NING. By T. Adams and others. N. Y., Mac¬ 
millan Co., 1932. 400 p., illus., 10x7 in., cloth, 
25s.—Describing recent advances and tendencies 
in town planning in its 3 phases of law, practise, 
and design in an effort toward a comprehensive 
survey. The point of view is British in its aspect 
with conditions in Great Britain given special 
consideration. There is, however, much upon 
conditions in America and other countries. A 
book of interest to American town planners. A 
useful bibliography of books and repost is in¬ 
cluded. 

TEXTBOOK OF METALLURGICAL PROB¬ 
LEMS. By A. Butts. N. Y. and Lond., McGraw-¬ 
Hill, 1932. 425 p., illus., 9x6 in.,.cloth, $4.00.— 
Resembling “Metallurgical Calculations" by the 
late ProL J. W. Richards and somewhat supple¬ 
menting it, this book extends facts Into certain 
channels also giving new and more accurate 
numerical data. Its main purpose is to supply a 
textbook with a graded treatment of the subject, 
suited for use in engineering courses rather than 
a handbook for practising engineers. A thorough 
introduction to problems arising in metallurgy and 
methods of solving them. 

•i 

THOMAS’ REGISTER OF AMERICAN 
MANUFACTURERS. 22nd ed., 1931-32. N. Y. t 
Thomas Pub. Co., illus., 12x9 in., doth, $15.00.'— 
Listing, under products and firm names. Am. 
mfrs. and primary sources of supply. Trade 
names, brands, banks, boards of trade, and other 
commercial organizations, and trade papers are 
listed. Unequalled in comprehensiveness and 
completeness. ^ 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 

M AINTAINED as a public reference library 
of en 3 lneerlng and the allied sciences, this 
library Is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. "3 ! 

Resources of the library are available also 
to those unable to visit it In person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required, 

A collection of modem technical books Is- 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services arc obtainable and an 
Inquiry to the director of the library will bring 
Information concerning them. 
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Off! cers and €.., ommitlees f< 


or 1932-33 


President 

„ H. P. CHARLESWORTH New York, N. Y. 

(Term expires July 31,1933) 

Junior Past-Presidents * 

W. S. LEE Charlotte, N. C. 

# (Term expires July 31,1933) 

C. E. SKINNER East'Pittsburgh, Pa. 

(Term expires July 31,1934) 

Vice-Presidents c 

Dist. * 

No. 

(2) W. B. KOUWENHOVEN Baltimore, Md. 

(4) W. I^JBREEMAN Lexington, Ky. 

(6) P. H. PATTON Omaha, Neb. 

(8) A. W. COPLEY San Francisco, Calif. 

(10) L. B. CHUBBUCK Hamilton, Ont. 

(Terms expire July 31,1933) 
(1) * J. ALLEN JOHNSON Buffalo, N. Y. 

(3) E. B. MEYER Newark, N. J. 

(5) K. A. AUTY Chicago, Til. 

• (7) G. A. MILLS Lansing, Mich. 

(9) C. R. HIGSON Salt Lake City, Utah 

* (Terms expire July 31,1934) 


Directors 
J. E. KEARNS 

F. W. PEEK, JR. 

C. E. STEPHENS 
* 

A. B. COOPER 

A. «E. KNOWLTON 
R. H. TAPSCOTT 

L. W. CHUBB 

B. D. HULL 

H. R. WOODRPW 
.* 

G. A. KOSITZKY 
•A. H. IfDVBLL 
A. C. STEVENS 

• 

•^-.National Treasurer 
W. I. SLICHTER 


Chicago, Ill. 
• Pittsfield, Mass. 
New York, N. Y. 
(Terms expire July 31,1933) 
Toronto, Ont. 
New York, N. Y. 
New York, N. Y. 
(Terms expire July 31,1934) 
East Pittsburgh, Pa. 
Dallas, Tex. 
Brooklyn, N. Y. 
(Terms expire July 31,1935) 

Cleveland, Ohio 
Ann Arbor, Mich. 
Schenectady, N. Y. 
(Terms expire July 31, 1936) 


W. I. SLICHTER New York, N. Y. 

' * (Term expires July 31, 1933) 

Acting National Secretary 

H. H. HENLINE New York, N. Y. 

(Term expires July 31,1933) 

General Counsel 
Parker & Aaron 

f . 20 Exchange Place, New York, N. Y. 

.Local Honorary Secretaries 

,T, J. Fleming, Calle B. Mitre 619, Buenos Aires, 
Argentina. 

V. J. F. Brain, Dept, of Pub. Wks., Phillip St., 

SyfJney, N. S. W., Australia. 

F, M. Servos, Rio de Janeiro Tramways Lt. & Pr. 
• Co., Rio de Janeiro, Brazil. 

A. P. M. Fleming, Metropolitan Vickers Elec. Co., 
Trafford Park, Manchester, England. 

A. S. Garfield, 173 Blvd. Haussmann, Paris (8e) 
France. 

Renzo Norsa, Via Caravaggio 1, Milano 25, Italy. 
P. H. Powell, Canterbury College, Christchurch, 
New Zealand. 

M. A. Chatelain, Polytechnical Institute, Apt. 27, 
Leningrad, Sosnowka 1-3, U.S.S.R. 

A. F. Enstrom, Ingeniorsvetenskmpsakademien, 
Stockholm, 5, Sweden. . , 

W. BIsdon-Dew, P. O. Box 4663, Johannesburg, 
Transvaal, Africa. 

GENERAL COMMITTEES 
Executive, 

H. P. Charlesworth, Chm„ 463 West Street, New 
York, N. Y. 

J. Allen Johnson . C. E. Skinner 

lE.B Meyer * W; I. Slichter 

F. W. Peek, Jr. q. E.'Stephens 

; Constitution and By-Laws 

•M-„ S^Gorspcij^Chm., 600West 59th Street, NSw 

S' a* E. B. Meyer 

H. A. Kidder W. I. Slichter 


Board of Examiners 

H. Goodwin, Jr., Chm., Room 601,133 South 12th 
Street, Philadelphia, Pa. 

H. E. Farrer, Srcy.. 33 W. 3ftth St., New York, 
N. Y. * 

H. A. Currie * R. H. Marriott 

H. W. Drake L. W. W. Morrow 

Si P. Grace A. L. Powell 

H. A. Kidder W. R.'Smith 

F. V. Magalhaes R. H. Tapscott S. D. Sprong 

Columbia University Scholarships 

W. I. Slichter, Chm., Columbia University, New 
York, N. Y. 

Francis Blossom , H. C. Carpenter 

Coordination of Institute Activities 

E. B. Meyer, Chm., 80 Park Place, Newark, N. J. 
W. S. Gorsuch H. H. Henline 

W. H. Harrison C. E. Stephens E. S. Lee 

Economic Status of the Engineer 

C. O. Bickelhaupt, Chm., Am. Tel. & Tel. Co., 

195 Broadway, New York, N. Y. 

W. S. Lee W. S. Rugg 

E. W. Rice, Jr. C. F. Scott 

Edison Medal 

Appointed by the President for term of 5 years. 

D. C. Jackson, Chm. C.F. Harding F. A.Scheffler 

(Terms expire July 31,1933) 
L. W. W. Morrow W. S. Rugg R. F. Schuchardt 
(Terms expire July 31,1934) 
C. I. Burkholder F. A. Gaby H. J. Ryan 
iTerms expiry July 31,1935) 
H. H. Barnes, Jr. E. B. Meyer P. H. Thomas 
(Terms expire July 31,1936) 
Gano Dunn S. P. Grace C. E. Stephens 
(Terms expire July 31,1937) 
Appointed by the board of directors from its own 
membership for term of 2 years 
J. E. Kearns W. S. Lee F. W. Peek, Jr. 

(Terms expire July 31,1933) 

J. Allen Johnson A. B. Knowlton R. H. Tapscott 
(Terms expire July 31,1934)' 

Ex-officio 

H. P. Charlesworth, President* 

W. I. Slichter, National Treasurer 

H. H. Henline, Acting National Secretary 

(Terms expire July 31,1933) 

Finance * 

• ' 

C, E. Stephens, Chm., Westinghouse Elec. & Mfg. 

Co., 160 Broadway, New York, N. Y. 

E.B, Meyer R. H. Tapscott 

Headquarters 

R. H. Tapscott, Chm., 4 Irving Place, New York, 
N. Y. 

EC. H. Henline C. E. Stephens 


Iwadare Foundation 

F. B. Jewett, Chm., 195 Broadway, New York, 
'• . N. Y. . 

W. I. Slichter Gerard.Swope 

Lamme Medal ... flK'/ll. 

■ R. D. Mershon J. C. Smith p. H. Thomas 
(Terms expire Jul jj 31i 1933) 

A. M. Dudley • P. M. Lincoln J. C. Pirker 

(Terms expire July 31,1934) 
P. L. Alger H. B. Gear C. E, Skinner, Chm. 

(Terms expire July 31,1935) 

Legislaton Affecting the Engg, Profession 

H. AC Kidder, Chm., 800 W. 59th Street, New York, 
N. y. 

James P. Alexander J. C. Parker 

T. F. Barton J. R. Price. 

B. M. Brigman Herbert S. Sands 

•W. H. Harrison M. R. Seharff 

L.F. Leurey H: H.Schoolfield 

L. W« W. Morrow J. B, Thomas . W. I, Slichter 

'Membership ' ■ . 

R. L. Kirk, Chm., Duquesne Lt. Go., Pittsburgh, Pa. 

_ * _ • . - .. 


£T. Y. Museum of Science and Industry, Adv. Com, 
to 

J. P. Jackson, Chm., New York Edison Co., 
130 E. 15th St., New York, N. Y. 

C. O. Bickelhaupt r. ft. Nexsen 

Popular Science Award r 

F. W. Peek, Jr., Chm., Gent. Elec. Co., Pittsfield, 

Mass. 

W. H. Harrison C. E. Stephens 

Principles of Professional Conduct, Code of 

R. F. Sfchuchardt, Chm., 72 West Adams Street, 
Chicago, Ill. 

A. H. Babcock r W. E. Mitchell 

G. Faccjoli C. E. Stephens 

F. B. Jewett j. B . Whitehead 


E. P. Coles 

F. G. Graf 
James Harrison 
Joseph Hellenthal 
‘ J. Allen Johnson 
Ex-officio:’ 


E. M. Wood 


C. H. Kline 
, J. A. Koontz 
T V G. Le Clair 
. W. G. Rubel 
I. M. Stein 


Prizes, Award of Institute 

W. H. Harrison, Chm., Am. Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 

E. B. Meyer Chester W. Rice 

Public Policy 

Bancroft Gherardi, Chm.,e 196 Broadway, New 
York, N. Y. 

C. C. Chesney Farley Osgood 

F. B. Jewett o R . F . Schuchardt 

W. S. Lee . C m 


Chairmen of Section membeaship committees.'. 


W. S. Lee C. E. Skinner 

ft 

Publication 

E. B. Meyer, Chm., 80 Park Place, Newark, N. J. 

F. A. Lewis, Secy., 33 W. 39th St., New York, 

N. Y. 

W. S. Gorsuch H. H. Henline 

W. H. Harrison H. R. Woodrow 

Safety Codes 

F. V. Magalhaes, Chm., Hopewell, N. J. 

J. C. Balsbaugh M. G. Lloyd 

A. W. Berresford Wills Madachlan 

L. B. Chubbuck J.D. Noyes 

J.F^Fairman * F. A. Pattison 

H. B. Gear Prank Thornton 

• F-D. Knight H.S. Warren 

Sections , 

EverettS. Lee, Chm., Genl. Elec. Co., Schenectady. 
W. B. Kouwenhoven j. j. Shoemaker 

G. JH. Quermann W. H. Timbie I. M. Stein 
Ex-officio: 

Chairmen of all Sections of the Institute. 

Standards' 

A. M. MacCutcheon, Chm., 1088 Ivanhoe Road, 
Cleveland, Ohio. 

H. E. Farrer, Secy., 33 W. 39th St., New York, 

?,> N. Y; 

Ai B. Cooper « V. M. Montsinger 

J. E. Goodale F. D. Newbury 

C. R. Harte E. B. Paxton 

.J. F. Meyer W. I. Slichter 

Ex-officto: ' r 

Chairmen of working committees. 

Chairmen of A.I.E.E. delegations and representa¬ 
tives on other standardizing bodies. ; „ 

President of U.S. national committed of I.E.C. 

Student Branches 

W- H. Timbie, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. ♦ 

W. E. Freeman C. F. Scott 

F. O, McMillan W. J.' Seeley 

Ex-officio: 

All Student Branch Counselors. 

Technical Program 

'W- H. Harrison, Chm., Am., Tel. & Tel. Co.‘, 

. 195 Broadway, New York, N. Y. 

C. S. Rich, Secy., 33 W. 39th St., New York, N. Y, 

J. W. Barker B. D. Hull 

•H. S. Bennion W. B. Kouwenhoven 

.H. B. Gear / Paul MacGahan 

.JV. S. Gorsuch T; A. Worcester 

Ex-officio: ■ 

'Chairman of committee on coordination of Institute 
activities 

'Chairmen of technical committees. 

.Transfers: '• 

;E. B. Meyhr, Chm;, 80 Park §lace, Newark, N. J, 
IL Goodwin, Jr. J. Alien Johnson C. F. Scott 


ELECTRicAi; Engineering 


1 


TECHNICAL COMMITTEES 
Automatic Stations 

D. W. Taylor, Chm., United Engineers & Construc¬ 
tors, Inc., 80JPark Place, Newark, N. J. 

F. F. Ambuhl Joseph Hellenthal 

A. E. Anderson C. R. Higson 

L. D. Bale I. E. Moultrop 

C. F..Craig M. E. Reagan 

John Fies O. J. Rotty 

A. M. Garrett Garland Stamper 

J. S. Hagan F. Zogbaum L. J. Turley 


Communication 

H. S. Osborne, Chm., 195 Broadway, New York, 
N. Y. 

H. M. Bascom J. R. MacGregor 

W. H. Capen John Mills 

A. A. Clokey J. W. Milnor 

J. O’R. Coleman C. W.*Mitchetl 

C. F. Craig E. J. O’Connell 

R. D. Evans P. H. Patton 

W. L. Everitt * F. H. Pumphrey 

I. C. Forshee F. A. Raymond 

C. M. Jansky, Jr. H. A. Shepard 

T. Johnson, Jr. E. R. Shute 

G. M. Keenan A. L. Stadermann 

G. A. Kositzky C. H. Taylor 

C. J. Larsen F. A. Wolff H. M. Turner 

Education 

R. E. Doherty, Chm„ Dunham Laboratory, Yale 
University, New Haven, Conn. 


J. W. Barker 
Edward Bennett 
P. S. Biegler 
H. V. Carpenter 
C. S. Coler 
6 , R. Dooley 
H. E. Dyche 
O. W. Eshbach 
0. J. Ferguson 


D. C. Jackson, Jr. 
C. L. Kinsloe 
A. H. Lovell 
R. C. Muir 
H. W. Price 
W. T. Ryan 
Burke Smith 
A. C. Stevens 
G. B. Thomas 


H. H. Henline W. E. Wickenden W. H. Timbie 
Electric Welding 

K. L. Hansen, Chm., 2916 North Prospect Ave., 
Milwaukee, Wis. 

C. A. Adams J. E. Kearns 

J. H.. Blankcnbuehler J. C. Lincoln 

A. M. Candy. Ernest Lunn 

Alex Churchward F. C. Owen 

F. Creedy C. L. Pfeiffer 

S. Dushman J. Slepian 

D. D. Ewing Wm. Spraragen 

H. M. Hobart H. E. Stoddard 

R. G. Hudson G. H. Winkler H. W. Tobey 


Electrical Machinery 

S. L. Henderson, Chm., Westinghouse Elec. 8c Mfg. 
Co., East Pittsburgh, Pa. 


?. L. Alger 

B. L. Barns 
E. S. Bundy 
H. E. Edgerton 
J. E. Goodale 

T. T. Hambleton 
J. L. Hamilton 
A. L. Harding 

C. F. Harding 
„E. W. Henderson 
L. F. Hickernell 
J. Allen Johnson 
J. J. Linebaugh 


H. C. Louis 
W. V. Lyon 
A. M. MacCutcheon. 
O. K. Marti 
V. M. Montsinger 
R. W. Owens 
' R. H. Park 
E. B. Paxton 
H: V. Putman 
K. A. Reed 
O. E. Shirley 
R. G. Warner 
C. A. M. Weber 


Electrophysics 

V. Bush, Chm., Massachusetts Institute of Tech¬ 

nology, Cambridge, Mass. 

O. E. Buckley G. M. J. Mackay 

W. G. Cady S. S. Mackeown 

W. F. Davidson H. Nyquist 

C. S. Gordon J, Slepian 

L. O. Grondahl J A. Stratton 

W. B. Kouwhenhoven W. C. White 

Liaison representatives of American Physical Soc.: 

Leigh Page « ^ W. F. G. Swann 

* 

Iron and Steel Production, Applications to 

F. O. Schnure, Chm., Bethlehem Steel Co., Spar¬ 
rows I^oint, Md. 

K. A. Auty A. J. Standing 

J. J. Booth „ G. E. Stoltz 

F. B. Crosby Wilfred Sykes 

Wray Dudley H. A. Winne 

A. M. MacCutcheon R. H. Wright 

J* 

Light, Production and Application of 

W. T. Blackwell, Chm., 80 Park Place, Newark, 
N. J. 

J. W. Barker W. C. Kalb 

H. S. Broadbent C. L. Kinsloe 

J. M. Bryant R. D. Mailey 

E. C. Crittenden G. S. Merrill 

W. T. Dempsey P. S. Millar 

E. E. Dotting P. H. Moon 

L. A. Hawkins R. E. Simpson 

H. H. Higble C. J. Stahl 

H. E. Ives G. H. Stickney C. E. Stephens 


Marine Work, Applications to 

R. A. Beekman, Chm., Genl. Elec. Co., Schenec-. 
tady, N. Y. 

E. C. Alger I. H. Osborne 

H. C. Coleman G. A. Pierce 

E. M. Glasgow, - W. H. Reed 

H. F. Harvey, Jr. H. M. Southgate 

C. J. Henschel W. ,E. Thau 

Wm. Hetherington, Jr. A. E. Waller 

H. L. Hibbard O. A. Wide 

J. E. Kearns J. L, Wilson 

A. Kennedy, Jr. R. L. Wtham 

J. fi. Lunsford W. N. Zippier 

Mining Work, Applications to 

D. E. Renshaw, Chm., Westinghouse Elec. & Mfg. 

Co., East Pittsburgh, Pa. 

Graham Bright n W. H. Lesser 

J. H. Edwards C. W. Parkhurst 

L. C. Ilsley F. L. Stone 

L. H. James E. B. Wagner 

J.T2. Kearns J. F. Wggert 

Carl Lee - C. D., Wood ward 

Power Generation 

J, Rl Baker,' Chm., 1611 Lexington Building, 
Baltimore, Md'. 

F. A. Allncr H. W. Leiteh 

F. A. Annett A. H. Lovell 

A. E. Bauhan... I. E. Moultrop 


Electrochemistry and Electrometallurgy 

Warren C. Kalb, Chm., National Carbon -Co., ’ 
"Cleveland, Ohio 

Lawrence A^dicks R. G. Mansfield 

P. H. Brace K. L. Scott 

L.W. .Chubb H. Speight 

Farley G. Clark N. R. Stansel 

S. K. Colby Magnus Unger 

G. W. Elmen H. B. Vidal 

• J. C. Hale G. W. Vinal 

W. E. Holland J. B. Whitehead 

F. A. Lidbury C. D. Woodward J. L. Woodbridge 

Instruments and Measurements 


H. W. Leiteh 
A. H. Lovell 
I. E. Moultrop 

J. B. Crane J. M. Oliver 

J. H. Ferry . A. L. Penniman, Jr. 

N. E. Funk . G. G. Post 

W. S. Otfrsuch R. C. Powell 

F, C. Hanker . F. A. Scheffler 

J. P, Hogan ' ... F. O. Schnure 

F. H. Motlister ' ' *•. R. E. B. Sharp- • 

A. U. liull . A. E. Silver • 

D. C. Jackson E. C. Stone A. R. Smith 

Power. Transmission and Distribution 

• . « ....... ' ' . . . . 

P. HI -Chase, Chm,, Philadelphia Elec. Co., 900 
Sansom St., Philadelphia, Pa. 

R. N. Conwell, Vtce-chm., 80 Park Place, Newark, 
N/J. ' . 


E, J. Rutan,, Chm., 
92 Vaudam St., 
H. S. Baker 
R. D. Bean 

O. J. Bliss 

P. A. Borden, 

H. B. Brooks 
A. L. Cook 

E. D. Doyle * ' 

W. W. Bberhardt ^ 
Marion Bppley 
W. N. Goodwin? Jr. 

I. F. Kinnartl it. 


New York Edison Company, 
New York, N. Y, : 

O. A. Knopp 
A. E. Knowlton 
H. G. Koenig 
W. B. Kouwenhoven 
F. A. Laws 
E. S. Lee 
J. B. Lunsford 
Paul MacGahan 
R.-T. Pierce 
• W. J. Shackeiton 
M. Turner H. L. Thomson 


F. E. Andrews • 

G. M. Armbrust 

H. W. Bibber 
"b. K. Blake 

E. S. Bundy ’ 
A. B. Campbell 
C. V.»Christie 
W. A. Curry 
O. G. C. Dahl 
A. Ei. Davison' 
R. D. ; Evans • 

F. M. Farmer 
C L. Fortescue 
T. H. Haines 
Edwin Hansson 
C; F. Harding 
K. A. Hawley 


C. R. Higson 
J. P. Jollyman 
A. H. Lawton 
H. L. Melvin 
J. S. Parsons 

F. W. Peek, Jr. 
L. L. Perry 

D. W. Roper 
H. J. Scholz 

'5 H. R. Searing. 
. A. E. Silver. 
D. M. Simmons. 
C. T. Sinclair 
L. G. Smith 
H. H. Spencer 
Philip Sporn 
W. K. Vanderpoel 


Power Application^ General - 

C. W. Drake, Chm., Westinghouse Elec. & Mfg. 

Co., East Pittsburgh, Pa. * . 

A. H. Albrecht H. A. Maxfield 

E. A. Armstrong , John Morse 

James Clark, Jr. , N. L. Mortensen 

J. F. Gaskill D. M. Petty 

John Grotzinger H. W. Rogers 

T. Hibbard , L. D. Rowell 

Fraser Jeffrey L. M. Shadgett * 

A. E» Knowlton W. K. Vanderpoel 

A. M. MacCutcheon ' l ' M. R. Woodward 


Protective Devices 

R. T. Henry, Chm., Buffalo, Niagara & Eastern 
Power Corp., Electric Building, Buffalo, N. Y. 


Raymond Bailey , 

R. C. Bergvall 
H. W. Collins 
A. W. Copley 
W. S. Edsall 
J. H. Foote 
L. E. Frost 

S. L. Goldsborough 

S. M. Hamill, Jr. 

E. A. Hester 

T. G. Le Clair 
J. P. McKearin 

Research 

Chester W. Rice, Chm., 
Schenectady, N. Y. 

H. D. Arnold 
L. W. Chubb 
E. H. Colpitts 

E. C. Crittenden , 

O. G. C. Dahl 

W. F. Davidson 
S. M. Dean 

F. M. Farmer 
V. Karapetoff 


H. A. McLaughlin 

D. M. Petty 
H. J. Scholz 

H. K. Sels 
H. P. Sleeper 
i r - -L - G. Smith 
El Rl Stauffacher 
H. R. Summerhayes 
B. F. Thomas, Jr. 
O. C. Traver 

E. M. Wood 
H. B. Wood 


General Electric Co., 

A. E a Kennel ly 
F. W. Peel?, Jr. 
H. H. Race 
D. W. Roper 
Thomas Spooner 
Philip S?orn 
J. B. Whitehead 
C. H. Willis 
R. J. Wiseman 


Transportation 

E. L. Moreland, Chm., 31 St. 
Mass. 

H. L. Andrews 
Render Beeuwkes 
A. E. Bettis ^ 

H. A. Currie 

J. V. B. Duer 

H. H. Field 

I. W. Fisk 
W. A. Giger 

K. T. Healy 

A. E. Knowlton 


James Ave., Boston, 

• H. N. Latey 
John Murphy 
H. Parodi 
RPH. Rice 
S. A. Spalding 
N. W. Storer . 
W. M. Vandersluis 
R. P. Winton— 
Sidney Withington 


G. I. Wright 


INSTITUTE REPRESENTATIVES 


Aeronautic Radio Research, Liaison Com. on 
R. H. Manson . 


Alfred Noble Prize Commitiee 

• W. H. Harrison ... 

.Am. Assoc, for the Advt. of Science, Council 
F. W. Peek, Jr. . C. V E. Skinner 

American Bureau of Welding -> 

H. M. Hobart 

American Committee on Marking of Obstructions 
to Air Navigation 

.P. H, Chase W; H. Harrison 

American Engg. Council Assembly 

*C. O. Bickelhaupt . L. F. Morehouse 

F. J. Chester man . I, E. Moultrop 

.M. M. Fowler. Farley Osgood 

H. H. Henline . . . W. S. Rodman 

*H. A. KiddeP *R. F. Schuchardt 

W, S. Lee .C. F. Scott 

A. M. MacCutcheon . *C. E. Skinner 

William McClellan *C. E. Stephfflis 

L. B. Stillwell 

* A.I.E.E. representatives on administrative .board. 
'American Marine Standards Committee 

R. A- Beekman « 

American Stds. Assoc. Bd. of Directors 
Bancrdft Gherardi 

American Stds. Assoc. Council 

A. M. MacCutcheon F. D. Newbuiy H. S. Osborne 

Alternates: 

H. H. Henline E. B. Paxton 


L. F. Hickernell ■ T. A. Worcester H. S. Warren 


American Year Book, Advisory Board 
H. H. Hemline 


September 1932 


















Charles A. Coffin Fellowship a?.d Research Fund 
Committee 

H. P. Charlesworth * 

Com. of Apparatus Makers and Users, N. R. C. 

. L.*F. Adams f 

r 

Com. on Heat Transmission, N. R. C. 

* T. S. Taylor 

• ( 

• Coordination Committee of Engineering Societies 
W. A. Del Mar L. B. Stillwell Calvert Touftiley 
Educ. Research Com., The Engg. Foundation 
W. S. Rodman 

Engineering Foundation Board 
C. E. Skinner r W. I. Sliehter 

Engineering Index Advisory Board 
H. H. Hen line 

Engg. Societies Monographs Committee 

E. B. MeyeF""*** W. I. Sliehter 


Electrical Standards Committee, A.S.A. 

A. M. MacCutcheon H. S. Osborne 

F. D. Newbury E. B. Paxton, Alternate 

Engineers’ Council tot Professional Development 
C. O. Bickelhaupt L. W. W. Morrow C. F. Scott 
Hoover Medal Board of Award 
Gano Dunn F. B. Jewett E. W. Rice, Jr, 

John Fritz Medal Board of Award . 

Bancroft Gheranfi W. S. Lee *R. F. Schuchardt 
C. Skinner 

Library Board, United Engg. Trustees, Inc. 

W. S. Barstow H. p. Hanline 

W. A. Del Mar W. I. Sliehter W. B. Jackson 

Nat. Fire Prot. Assoc. Eleftrical Committee 
F. V. Magalhaes 

National Fire 'Waste Council 
F. V. Magalhaes 


Nat. Research Council Engg. Division - 

H. P. Charlesworth Chester W. Rice 

Ex-officio H. H. Henline C. E. Skinner 

Nat. Safety Council, A.S.S.E.—Engg. Section 
F. V. Magalhaes ^ 

Radio Advisory Com., Bur. of Standards 
JP. E. Kennelly 

Research Procedure Com., Engg. Foundation 
L. W. Chubb, 

r. 

United Engineering Trustees, Inc. 

A. W. Berresford H. P. Charlesworth JH. A. Kidder 

U.S. National Committee of the International 
Commission on Illumination 
A. E. Kennelly C. O. Mailloux C. H. Sharp 

Commission of Washington Award 

L. A. Fefguson Wm. B. Jackson 

Welded Rail Joints, Committee on 
D. D. Ewing 


S « 


Geographical District Executive Committees 


District 


Chairman (Vice-President, A.I.E.E.) 


Secretary (District Secretary) 


w I* - 

No. 1—North Eastern.J. Allen Johnson, 302 Electric Building, Buffalo, N. Y. A C Stmm. „ 

No. *2—Middle Eastern.... W. B. Kouwenhoven, Johns Hopkins University, Baltimore, Md. g'. S.’ Diehl, Pennsylvania Water & PoSj^Caf 16U Lexington 

No. 3 New York City.... B. M.yer, 80 Park FI.ce, Newark, N. J. C. Ml Co., .60 Nrt, 

York N Y 

No.*4—Southern.W. E. Freeman, University of Kentucky, Lexineton Kv W A p, ’ ' TT '. . .. . „ , , 

No. 5-Oro.t Ixta.K. A. Atty, Oommoowooltk EdUon Co., 72 Wert Aa.», St., A.' No. Shift. aSSS? SL^lg. 

No" 6 North Central.P. H Q^o n ^Northwestern Bell Tel. Co., Telephone Building, M. S. CWer, University of Colorado, Boulder, Colo. 

No. 7—South West... G. A. Mills, Michigan Gas & Electric Co.. Lansimr Mich n to- TT . , ’ 

No. 8 Pacific. A - Vgff ftSdS’ S ^ M ' 8 ' ^ 1 C: B.W, M.”.?S«„ 

No. 9—North Vert........ C. R^ga, Uhh_Eiwrt & Ught Co.. B.ildio,, Sa!. ft* B—m, Apex Mlxin* Co.. Bfatfxu. Qm Uhh 

No.10—Canada...L. B. Chubbuck, Canadian Westinghouse Co., Hamilton. Ont W. L. Amos, Hydro-Elec. Pr. Comm., 190 University Ave., 

Note: Each district executive committee includes the chairmen and secretaries of all a a., . .• 

on student activities. secretaries ot all Sections within the district and the chairman of the district committee 


Local Sections of the Institute 


Name 


District 


Akron.2..., 

Atlanta....*.4.... 

Baltimore...2.... 

Birmingham... .... .4 

Boston... 1 .... 

Chicago.... 5 ... . 

Cincinnati... 2 .... 

Cleveland........ ,2.... 

Columbus.,...... 2 ..,. 

Connecticut. 1 .... 

Dallas....... ... . 7 .... 

Denver... . 6 .... 

Detroit-Ann Arbor....... 5.... 

Erie.................... 2 .... 

Florida................ ,4..,. 

Fprt Wayne....5.... 

Houston....7.... 

Indianapolis-Laf........ . 6 . ... 

Iowa..............5.... 

Ithaca............... . 1 .,,. 

Kansas City...7...., 

Lehigh Valley.. . 2 .. .. , 

T-dS Angeles....... 8 ...., 

Louisville... ...4 . 

Lynn.........i,..., ] 

Madison............... .8 . 

Memphis.;.......,.... . 4 .... ] 

*• Mexico,. .*..... . 3 .... • 

Milwaukee.. 5 .’ 
Minnesota.,... 5 ..., ’ 

Montana.... 9 ..... 

Nebraska...*.-- .6. . . '. '. 

New York.«............ . 3 ..... 

Niagara Frontier...... . . 1 .. i., 

North Carolina.......... 4 ..... 

Oklahoma City... . 7 ...... 

Philadelphia.. .... . 2 . ...! 

Pittsburgh...,.......... 2 ..;.. 

Pittsfield, ............. . 1 ..... 


Chairman 


.A. P. Regal...... 

,.0.0. Rae. 

,J. Wells. .. 


Secretary 


Secretary’s Address 


,. -F. D. Hallock...... 

1 . .L. R. Mapes.. 

• • L. O. Dorfman..... 

.. J. M. Smith. 

. .K. Y. Tang. 

. .C. J. Daly... 

.. H. K. Handley....; 

. .W. D. Hardaway... 

. .O. E. Hauser... 

.. J. C. Milling.. 

> .Joseph Weil..; 

• -B. A. Case... 

.. J. B. Arthiir. 

.. E. G. Thoms........ 

, .L. F. Wood..... 

. .W. E. Meserve. 

.. G. O. Brown....., ,,, 

. .J. G. Charest........ 

.. F. E. Dellinger.,.... 

«.C. M. Ewing,....\ .. 

.. W. K. Dickinson.... 

.. G. F. Tracy .,... . .., 
. .W. A. Gentry....,.. 

1 .B. F. Lopez..;...... 

. .W. F. Lent. 

.H. J. Pierce.. 

. J. A. Thaler......... 

.Clarence TaUma/. . . . 

• T,F. Barton.... .... 

.F. S, Wahl.......... 

ij. E. Lear....... . .. 

. E. B. Jennings....,.. 
.Lewis Fdssell.... ■ •.'.’ 
.Thomas Spooner..... 

• V. M. Montsinger.', i. 


680 


• * * * W.H. Tucker.... 716 S. Main St., No. Canton, Ohio 

.... J. H. Persons............... General Electric Co., Atlanta, Ga. 

... * J• L. D. Speer...Chesapeake & Potomac Tel. Co., Baltimore, Md. 

" " D L SmlTh® 3 .* * * • '^” plex y 1 ” & C** 1 * Co., 66 Sidney St., Cambridge, Mass 

•••'?' J' ..Chicago Rapid Transit Co., Chicago, Ill. “ 

’ " 'sfr^ ..Cindnnati& Sub. Bell Tel. Co., Cincinnati, Ohio 

'"hi Sfc *:.?••'••• Reliance Elec. & Engg. Co., Cleveland, Ohio 

""W B S ..General Electric Co., Columbus, Ohio 

• --3- 1' S".• •• ..Yale University, New Haven, Conn. 

’'' 'n'b’tova .£® neral Electric Co., Dallas, Texas 

' ’' p‘5" ,° ve :...807 Tramway Bldg., Denver, Colo. 

’ c vSi.’• ^‘ ch ‘« a ° Bell Tel. Co., Detroit, Mich. 

n e .-Erie Lighting Co., Erie, Pa. 

" • ir f: .. P.o. Bm 2674, Jacksonville, Fla. , 

'•'p .• GeneralSUctric Co., Fort Wayne, Inc. 

" r ^ ....p. O. Box 1286, Houston, Texas 

" ' S' f ‘ whr dd *••••*••• 7U Illinois Bldg., Indianapolis, Ind. 

‘" B I 5S,; ’ ... Iowa State College, Ames, Iowa 

’" w'-w ^ 0rthr °P.. Cornell Univwsity, Ithaca, N. Y. 

• *' w A* sS'..‘ *2124 Wyandotte Ave., Kansas City, Mo. 

”'1 B n-f! '""..Pa. Pwr. &Lt. Co., Hazleton, Pa. 

■'V'o'IT a „ ..7046 Hollywood Blvd., Hollywood, CaKf. 

’ "r ..General Electric Co., LouisviUe, Ky, 

" ' ' Sturtevant- ....... General Elertric Co., West Lynn, Mass. 

’" w 1 • University of Wisconsin, Madison, Wis. 

’"L ’ • Memphis Pwr.&Lt. Co., Memphis, Tenn. 

’ W B SbS’ • ” * • • • . *724 Union State Bank Bldg., Omaha; Jjeb. 

r ..,..United Engrs. & Constructors, 80 Park PI Newark N T 

...169 Brunswick Blvd., Buffalo, N. Y. ' N> J< 

'' 'r v ® t ““ back> •••<•. •>. -Univ. of No. Carolina, Box 1029, Chapel Hill N C 

...q.E. Bathe- ..... -Oklahoma Gas & Elec. Co., Oklahoma City n n» ' 

’'R L v ‘ ‘ ; ‘' 5 lec ' Stora «e Battery Co., Philadelphia, Pa! <- ’ 

’ * ’ st '? uqaesn * Li « ht Co.. Pittsburgh, Pa. ' r ' ' • 

...S. T, Maunder............. General Electric Co., Pittsfield, Mass. ,, 

.**.*’ / • • • ' • . • " * . . \ . • \ • ‘ *•■.•••* • • • •• . • ' •• f • * . • 
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Local Sections of the Institute— Continued 


Name 


District 


Chairman 


Secretary 


Secretary’s Address 


1 

Portland, Ore. 

...9. 

....... F. M. Lewis. 


Providence. 

...1. 

.I. W. Knight. 


Rochester...... 

...1. 

.C. F. Estwick. 

..] 

St. Louis. 

...7. 

.F. B. Wipperman. 

• • 1 

San Antonio. 

...7, 

.I. A. Uhr. 


San Francisco. 

...8. 

.E. F. Maryatt. 


Saskatchewan.. 

..10. 

.N. W. .. 


Schenectady. 

...1. 

.E. E. Johnson. 


Seattle.... 9. 

...9. 

.A. F. Darland... 


Sharon. 

.. .2. 

.A. P. Bender. 


Southern Virginia. 

...4. 

.Cecil Gray.:. 


Spokane..... 

...9. 

.......C. F. Norberg. 


Springfield, Mass. 

...1. 

.Hans Passburg. 


Syracuse. 

...1. 

.C. W. Henderson. 


Toledo. 

...2. 

.I. H.’Heitkamp. 



. .10. 

. 1 . M. Maclean . 


Urbana . 

...5. 

...... .E. A. Reid . . 


Utah. 

...9. 

. A. L. Taylor. 


Vancouver . 

..10. 

. G. R. Wright . 


Washington . 

.. 2 . 

. T. J. MacKavanagh .... 

• • 

Worcester. ... 

... 1 . 

. H. A. Maxfield . 

• . 


a* 


W. Allen.Narragansett Elec. Co., Providence, R. I. 

L. R. Gillespie... .Rochester TeL Corp., Rochester, N. Y. 

S. L. Hilyard.Illinois Pwt. & Lt. Co., East St. Louis, Ill. , 

W. L. Eyres.San Antonio Public Serv. Co., San Antonio, Texas 

Roy Willfins.. q,,... Pacific Elec. Mfg. Qo., San Francisco, Calif. 

A. B. Coward...Light and Power Dept., Regina, Sask., Canada. 


L. Howe...Westinghouse Elec. & Mfg. Co., Seattle, Wash. 


Oakes Co., Holyoke, Mass. 


W. M. Campbell.Toledo Edison Co., Toledo, Ohio 

J. M. Thomson.171 John St., Weston, Toronto, Ont., Can. 


E. L. Morris.Westinghouse Elec. & Mfg. Co., Salt Lake City, utaH* 

D. M. Johnstone.B. C. Elec. Ry. Co., Ltd., 425 Carrall St., Vancouver, B. C., Can. 


P. Bullen.General Electric Co., Worcester, Mass. 


Student Branches 

of the Institute 



Name and' Location o 

District Counselor 

Name and Location 

District Counselor' 


Akron, Univ. of, Akron, Ohio.2... .Paul C. Smith 

Alabama Poly. Inst., Auburn, Ala.4.... 

Alabama, TJuiv. of, University, Ala............... 4.. • .P« R. Maxwell, Jr, 

Arizona, Univ. of, Tucson, Ariz. 8.... J. C. Clark 

Arkansas, Univ. of, Fayetteville, Ark... 7.... W. B. Stelzner 

Armour Inst, of Tech., Chicago, Ill. 8... .E. H. Freeman 

British Col., Univ. of, Vancouver, B. C.10... .E. G. Cullwick 




Y... 




C...... 


Brooklyn, Poly. Inst, of, Brooklyn, N. 

Bucknell Univ., Lewisburg, Pa... 

Calif. Inst, of Tech., Pasadena, Calif. 

Calif., Univ. of, Berkeley, Calif... 

Carnegie Inst, of Tech., Pittsburgh, Pa.... 

Case Sch. of Ap. Science, Cleveland, Ohio.. 

Catholic Univ. of America, Washington, D. 

Cincinnati, Univ. of, Cincinnati, Ohio. 

Clarkson College of Tech., Potsdam, N. Y. 

Clemson Agri. Col., Clemson College, S. C. 

Colorado State Agri. Col., Ft. Collins, Colo. 

Colorado, Univ. of, Boulder, Colo. 

Cooper Union, New York, N. Y. 

Cornell University, Ithaca, N. Y.... 

Denver, Univ. of, Denver, Colo. 

Detroit, Univ. of, Detroit, Mich. 

Drexel Inst., Philadelphia, Pa.... 


3.. .. C. C. Whipple 

2.. .. G. A. Iriand 

8.. . .R. W. Sorensen 

8.. . .L. E. Reukema 

2.. ..George Porter 
.H. B. Dates 
.T. J. MacKavanagh 
.W. C. Osterbrock 




.S. R. Rhodes 
.H. G. Jordan „ 
.W. C. DuVall 
. A. J. B. Fairbum 
.E. M. Strong 
6. y .R. E. Nyswander 

8.. . .H. O. Warner 

2.. . .E. O. Lange 

4.. .. W. J. Seeley 


Duke Univ., Durham, N. C.... • • 

Florida, Univ. of, Gainesville, Fla.. 4.... Joseph Weil 

Georgia School of Tech., Atlanta, Ga.............. 4....T. W. Fitzgerald ' 

Harvard Univ., Cambridge, Mass...1... .C. L.- Dawes 






» • • e • e * « 






Idaho, Univ. of, Moscow, Idaho... 

Illinois, Univ. of, Urbana, HI 

Iowa State College, Ames, Iowa. 

Iowa, State Univ. of, Iowa City, Iowa.. 

Kansas State Col., Manhattan, Kansas. 

’ Kansas, Univ. of, Lawrence, Kans...... 

Kentucky, Univ. of, Lexington, Ky.... 

Lafayette College, Easton, Pa.. 

Lehigh Univ., Bethlehem, Pa,.. 

Lewis Inst., Chicago, III. 

Louisiana State Univ., Baton Rouge, La........... 

Louisville, Univ. of, Louisville, Ky.... 

Maine, Univ. of, Orono, Maine...... 

Marquette Univ., Mailwaukee, Wis.. 

Mass. Inst, of Tech., Cambridge, Mass. 

Mich* Col. of Mining & Tech., Houghton, Mich.... 

Michigan State Col., East Lansing, Mich... 

Michigan, Univ. of, Ann Arbor, Mich. 

■ Milwaukee, Sch. of Engg. of, Milwaukee, Wis. 

Minnesota, Univ. of, Minneapolis, Minn. 

Mississippi State Col., State College, Miss..... 

Missouri Sch. of Mines & Met., Rolla, Mo.... 

Missouri, Univ. of, Columbia, Mo... 

Montana State Col., Bozeman, Mont.. .. 

Nebraska, Univ. of, Lincoln, Neb.... 

Nevada, Univ. of, Reno, Nevada................. 

Newark Col, of Engg., Newark, N, J 


J. H. Johnson 
. C. E. Skroder 
. F. E. Johnson 
.E. B. Kurtz 
.R. G. Kloefiler 
. D. C. Jackson, Jr. 

. E. A. Bureau 

2.. . .L. J. Conover 

2.. . .N. S. Hibshman 
'5... ,F. A. Rogers 

4.. .. M, B. Voorhies 

4.. ... J. M* Roberts 

1.. !». W. E, Barrows 

1 .! W. H. Timbie 

8.. .. G. W. Swenson 

6.. .. W. A. Murray 

8.. . .S. S. Attwood 

8.. . .V. M. Murray 

8.. .. J. H. Kuhlmann 

4.. . .L. L. Patterson 
Y. .. .I. H. Lovett 

7.. . .M. P. Weinbach 

9.. . .J. A. Thaler 

6.. . ,F. W. Norris 

8.. »G. Palmer 

3 .... J. C. Peet _ 


New Hampshire, Univ. of, Durham, N. H. 

New Mexico, Univ. of, Albuquerque, N. M. 

New York, Col. of the City of, New York, N. Y.... 

New York Univ., Univ. Heights, N. Y. 

North Carolina State Col., Raleigh, N. C. 

North Carolina, Univ. of, Chapel Hill, N. C. 

North Dakota Agri, Col., Fargo, N. D. 

North Dakota, Univ. of, Grand Forks, N. D....... 

Northeastern Univ., Boston, 17, Mass. 

Notre Dame, Univ. of, Notre Dame, Ind. 

Ohio Northern Univ., Ada, Ohio. 

Ohio State Univ., Columbus, Ohio. 

Ohio Univ., Athens, Ohio..... 

Oklahoma Agri. & Mech. Col., Stillwater, Okla,.... 

Oklahoma, Univ. of, Norman, Okla. 

Oregon State Col., Corvallis, Ore. 

Pennsylvania State Col., State College, Pa. 
Pennsylvania, Univ. of, Philadelphia, Pa.. 

Pittsburgh, Univ. of, Pittsburgh, Pa. 

Pratt Inst., Brooklyn, N. Y. 

Princeton Univ., Princeton,.N. J. 

Purdue Univ., Lafayette, Ind. 

Rensselaer Poly. Inst., Troy, N. Y. 

Rhode Island State Col., Kingston, R. I.., 

Rice Inst., Houston, Texas.. 

Rose Poly. Inst., Terre Haute, Ind...... 

Rutgers Univ., New Brunswick, N. J. 

Santa Clara, Univ. of, Santa Clara, Calif. 

South Carolina, Univ. of, Columbia, S. C.. 

So. Dak. State Sch. of Mines, Rapid City, S. D... 

South Dakota, tJniv. of, Vermillion, S. D. 

So. California, Univ. of, Los Angeles, Calif. 

Southern Methodist Univ,, Dallas, Texas.. 

Stanford Univ., Stanford, Calif.... 

Stevens Inst, of Tech., Hoboken, N. J.. 

Swarthmore Col,, Swarthmore, Pa... 

Syracuse Univ., Syracuse, N. Y. 

Tennessee, Univ. of, Knoxville, Tenn,. 

Texas Agri, & Mech. Col., Col. Station, Texas.... 

Texas Tech. Col., Lubbock, Texas... 

Texaft, Univ. of, Austin, Texas,.... 

Utah, Univ. of, Salt Lake City, Utah... 

Vermont, Univ. of, Burlington, Vt..,. 

Virginia Military Inst., Lexington, Va. 

Virginia Poly. Inst,, Blacksburg, Va.... w ... 

Virginia, Univ, of, University, Va. 

Washington, State Col. of, Pullman, Wash.. 

Washington Univ., St. Louis, Mo. 

Washington, Univ. of, Seattle, Wash. 

West Virginia Univ., Morgantown, W, Va. 

Wisconsin, Univ. of, Madison, Wis.... 

Worcester Poly; Inst., Worcester, Mass... 

" Wyoming, Univ, of, Laramie, Wyo. 

Yale Univ,, New Haven, Conn.. 

Total 109 . ... ■ 






1_L. W. Hitchcock 

7.. . .F. M. Denton^ 

3.. . .Harry Baum 

3. ...H. N. Walker 

4.. . .R. S. Fouraker n 

4. ...W.J. Miller 
0.... H. S. Rush 

6.. .. H. F. Rice 

1.. .. W. L. Smith 

8.. . .J. A. Caparo 

2.. . .1. S. Campbell 
2... .F. C. Caldwell 

2.. . .A. A. Atkinson 

7.. .. Albrecht lOaeter 

7.. . .F. G. Tappan 

9.. ...E.C.Starr 

2.. . .L. A. Doggett . 

2.. .. C. D. Fawcett 

2.. . .JL E. Dyche 

3.. ..Q. C, Carr 

2.. .. Malcolm MacLaren 

5.. .. A. N. Topping 

1.. . .F. M. Sebast 

1.. .. Wm. Anderson 

7.. .. J. S. Waters 

8.. .. C. CL Knipmeyer 
3* .. .F. H. Pumphrey 

8.. .. E. F. Peterson 

4.. . .T. F. Ball 

6.. .. J.-O. Kammerman 

6. ...C. W. Caldwell 

8.. . .N. C. Clark 

7. ...H.F. Huffman 

8.. .. W. B. Kindy 

3.. ..H. C.Roters 

1.. .. Lewis Fussell n 

1.. .. C. W. Henderson 

4.. .. J. G. Tarboux 

7.. ..H. C. Dillingham 

7.. ..C.V. Bullen 

7.. . .J. A. Correll 

9.. . .J. H. Hamilton 

1.. . .L. P. Dickinson 

4.. . .S. W. Anderson 

4.. .. Claudius Lee 

4.. . .W. S. Rodman 

9.. .. O. E. Osbum 

7.. . ,W. L. Upson 

9.. . .J. R. Shuck 

2.. .. A. H. Forman 

8.. .. C. M. Jansky 

1.. . ,C. D. Knight 

6.. . .G. H. Sechrist 

1.. ..W. B. Hall 




At the time of going to press for this issue, the list of student officers was not sufficiently complete to include. 


Affiliated Student Society 


Brown Engineering Society.».......... .Brown Univ., Providence R. I. 
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Westinghouse Employes Exceed Sales 
f * Quota.—Final reports of the Wes ting house 
Employes’ sales campaign show a sales jptal 
of more than $2,90<T,000. Every employe 
was to sell at least one appliance. This 
average was beaten more than 60 per cent 
and the volunteers dosed over 80 per cent 
of their prospects. . 

Elec&otrim Appointments.—Announce¬ 
ment has been made by Electrotrim, Inc., 
Union Cifcyjnd.. manufacturers of the 
newly approved and labded Electrotrim 
line of two-wire, non-metallic extension wir¬ 
ing, of the appointment of James S. Mahan 
as sales manager, and L. E. Fuller as spedal 
field representative. Both Mr. Mahan and 
Mr. Fuller were previously assodated with 
• Sted and Tubes, Inc. 

• 

New Resistor Company.—The Atlas Re¬ 
sistor Company, specializing in the manu¬ 
facture of pack-wound tubular resistors, has' 
been formed with headquarters at 423 
Brcf&me St., New, York.; W. A. Merrill, 
general manager of the organization, was 
previously associated with F; A. D. Andrea, 
Inc., and the Polymet Manufacturing Co. 
W. John Killoch, formerly of the David 
Killoch Co., is sales manager. 

Potential Transforms.—The Allis-Chal- 
mers Mfg. Co., Milwaukee, [.announces a 
new line of indoor, oil filled potential trans¬ 
formers, designated type PO; rated 200 va 
capacity, suitable. for ’ accurate metering 
^Service or for tripping or. relay voltage sup¬ 
ply. These are*available for 6*900, 11,500 
pnd ;13,80@> Vblf service, 60 or 25 cycles and 
the features of thejnew Hne.ure described as: 
high safety factor-in insulation strength in 
the primary winding.* liberal sized primary 
porcelain; internal parts cover suspended, 
facilitating inspection; fixed secondary ter¬ 
minals indoSed in conduit terminal com¬ 
partment. '** 

New Power Reduction Unit—The 
Merkl%Korff Gear Co., Chicago, is pro¬ 
ducing a small, low priced power reduction 
unit with a wide range of applications 
due to its compactness' and. extreme flexi¬ 
bility. The gears run in grease-which is 
sealed in, insuring positive lubrication and 
quiet operation. The uni.t can be supplied 
in any speed from a motor speed of 3,000 
rpm down, either* for dock-wise or reverse 
rotation. The unit is so constructed as to be 
easily attached to any device orlnechanism. 
Induction or synchronous type motors are 
u«d. 

Pocket Foot-Candle Meter.—According 
to the manufacturer, many simplified and 
. new photocell applications with rdays and 
indicating instruments have been made pos^ 
sible through the new Weston Photronic 
phbtodectric cdl. The latest of these ap¬ 
plications, by the Weston Electrical Instru¬ 
ment Corporation, Newark, N. J., is a 
pocket size fdot-candle meter built especially 
for salesman’s use, calibrated to read di¬ 
rectly on three ranges—50,250, or 500 foot- 


candles. One cell is used as ari adjustable' 
light collector, with readings appearing on a 
scale 2.36 inch|s hi length. # The cell and in¬ 
strument are hojised in 'a neat, black, 
moulded case, measuring appro ximatel y 
3*A x 7 x 2 1 /4 inches. 


Relays.—Bulletin, 4 pp.; Describes "Dia¬ 
mond H” magnetrole rday, applicable in 
many Standard and special applications. 
It is particularly adapted for motor andligiit 
control, time and temperature control; sig- 
• nal equipment, photo-electric cell operation, 
" $jgn flasher Service, etc. Hart Mfg. Co., 
Hartford, .Conn. 


. Electrolytic Condensers.—Catalog f-G, 
16 pp. Describes electrolytic condensers, 
molded mica condensers. SolaffMfg. Co., 
‘599 Broadway, New York. 


Oilproof Portable Cable.—In certain 
types of service, .portable cords are sub¬ 
jected to the continual attack of oil resulting 
in deterioration not only of the outer cover¬ 
ings, but eventually of the insulation. To 
meet this condition the Okonite Company, 
of Passaic, N. J., has developed a full line of 
portable cords and cables having a special 
outer sheath which is impervious to the de¬ 
structive acting of oil or grease. This line 
of cords and cables is called "Oilproof Oko- 
cord.” As the name implies, the new cord 
possesses all the good qualities of the Oko- 
cord line, plus continued resistance to oil, 
...thus rendering it highly.,suitable for use 
around machine shops, garages, refineries,' 
oil wells, etc. Strong sunlight and ozone 
also have little effect on this cord. 

More Capacity for Cables.-»Load carry¬ 
ing capacity of single-conductoir lead- 
covered cable is increased arid operating cost • 
of the circuit is decreased by the use of a 
new split-type insulator which is so designed 
that it can be installed on a cable in service, 
without cutting the conductor. The insu-* 
lator, a General Electric product, consists of 
two split alloy wiping sleeves and a split 
molded-compound insulator. The wiping 
sleeve halves are soldered* together at the 
assembly, and bolted to the insulator. The 
joints between the wiping sleeve and the 
halves of the insulator are made pem&-, 
nently oil-tight and*vacuum-tight by com¬ 
pressing oil-proof gaskets between the sur¬ 
faces. When single-conductor cable is used 
on alternating-current systems, the current 
flowing in the conductor induces a voltage in 
the lead sheath. If the sheath forms a con¬ 
tinuous circuit, this induced voltage causes 
current to flow in the sheath, resulting in 
sh^th losses that produce a heating effect, 
which decreases the load-catrying capacity 
of the ; cable.. Insertion of sheath insulators 
in the lead .sheath largely reduces such cur- 
rents and losses, in addition to the. new 
split sheath insulators there are alsfl one%to 
be placed in the casing of a joint or in the 
cable sheath at the end of a joint. 


Air Cooled Transformers.—Bulletin GEA 
897B, 1.6 pp. Describes G-E air cooled 
transformers, , types M and D, for reducing 
voltage, balancing voltage, boosting volt¬ 
age, insulating circuits and phase changing. 
General Electric Co., Schenectady, N. Y. 


Lifting Magnets.—Bulletin 900, 16 pp. 
Describes various types of EC & M lifting 
magnets and illustrates recent improve¬ 
ments made in these products. Photo¬ 
graphs of the magnets iff use by various in¬ 
dustries are also shown. The Electric Con¬ 
troller & Mfg. Co., Cleveland, O. 

r K- 

.Welding Electrodes.—Bulletin, 16 pp., 
entitled “Murex . Heavy Mineral Coated 
Electrodes:” Numerous applications of in¬ 
organic flux coated welding electrodes are 
described. The* welding of xnild steel and 
boiler plate, stainless steel alloys, manganese 
steel, high carbon steel, stainless iron, arid 
the tiuilding up of railway rail ends, special 
manganese track work, as well as the repair 
of castings and heavy parts, is covered. 
Metal & Thermit Corp., 120 Broadway, 
New York. 


. . ’■> 


Industrial Rubber , Goods.—Condensed 
Catalog, 24 pp., entitled. ‘/Engineering Data, 
Industrial Rubber Goods,”; giving a simpli¬ 
fied, comprehensive outline qf the principal 
Goodrich rubber products for industrial 
purposes. Included are tables of rubber 
transmission, belting showing horsepower 
capacities, minimum pulley diameters, 
leather belt equivalents and list prices.. A 
table on conveyor belts makes it easy to 
flguffe the required sizes and plies of a con¬ 
veyor belt without using a formula. Rubber 
hose of various types for industrial purposes * 
is also described. The B. F. Goodrich Coi, 
Akron,' O. • 


~ 5 *—Bulletin 
. 9 * 36 pp. Describes horizontal mouritiflgs, 

T7" in — *'-‘ 'll ■ ‘ « « 
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• • ; . - • , . . ..... . , 

Air Cooled Transformers.—Bulletm T72;" 
2 pp., loose leaf. Described Wagner types 
AA and AC units in sizes 1 to 50 kva, volt¬ 
ages 100 to 600. Applications are outlined. 
Wagner Electric Corp., 6400 Plymouth St. 
St. Louis* Mo. • : 
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ings, small to medium sizes! These bearirig 
mountings; are wfdely used in high speed 
centrifugal pumpjs,, horizontal hydroelectric 
units and similar services. The standard 
shaft-sizes for these mountings vary from 2 
in. up to 9 iff and the thrust bearing capaci- 
ties.from under 1,000 lbs to over 50,000 lbs. 
The bearings are automatically lubricated 
and may be water-cooled when necessary. 
Tkey are suitable for speeds up to 3,600 rpm 
°r-topteres well as for lower speeds. Di¬ 
mension lists and capacities of three typ^s of 
mountings of combined thrust and journal 
.bearirijg|rind‘similar data on mountings for 
individual journal bearings are included 
Kingsbury --Mabhriie -Wrirks, Inc., 4324 
TackawaunaSt., Philadelphia? Pa 
' ' ----:. 
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Hoitwood hydroelectric and steam plant of the Pennsylvania 
* Water and rower Company, at McCall's Ferry, Pa. The 
Hoitwood hydroelectric plant was the first major develop¬ 
ment on Ae Susquehanna River, and lies between the 
Conowingo and Safe Harbor plants. The hydroelectric 
plant operates under a head of about 53 ft, the total installed 
capacity of steam and hydroelectric units being 135,000 kw. 
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iI.E.E, Section and Branch activities 
Continue to "take the Institute to the mem¬ 
bership.” About 80 per cent of all members 
now are located within Section territory. 
Cooperative relations between Sections and 
neighboring Branches have continued to re- 
c*ive much attention, p. 738-40 


SUQGESTTONS for the nomination of 
1933 A.I.E.E. officers must be received at 
Institute headquarters not later than 
November 15,1932. p. 736-7 


1 O ASSIST engineering readers who are in¬ 
terested in economics and sociology, The 
Engineering Foundation Aas prepared a list 

884 v 'v f ; 


of books and references covering^ variety of 
subjects an<iviews in these fields, p.*745-6 


THERE is aneed today for .variety in tech¬ 
nical education; the development of adult or 
evening instruction in metropolitan areas is 
said to offer a partial solutjpn for meeting 
this need. p. 698-1 


Noise measurements are extremely help¬ 
ful in the present day “war on noise”; such 
measurements are beginning to be used as a 
basis of acceptable “quietness,” and provide 
the principal means* of detecting noise 
sources, p. 705-8 


SPECIALLY designed supportin g 
towers were requiredyto carry electric 
power transmission lines into the city 
of Milwaukee over railway right-of- 
way. p. 708-11 

HARMFUL vibration in electric 
power transmission lines can be con¬ 
trolled effectively by properly installed 
Stockbridge dampers of suitable design. 
Difficulties experienced with early de¬ 
signs of this damper have been over¬ 
come by the use of a high strength steel 
supporting"cable, p. 696-7 

About 2,500 persons are estimated 
to suffer from electric shock annually in 
the United States; approximately half 
of that number suffer fatal injuries. 
Experimental work for determining ef¬ 
fective remedial measures to reduce this 
toll are being continued, p. 693-6 

r r 

DoUELE conductor electric power 
transmission lines have about 20 per 
cent less reactance than single conduc¬ 
tor lines having the same weight of con¬ 
ducting metal, but cost more. Formu¬ 
las have been developed for calculating 
the electrical characteristics of such 
lines, p. 701-4 

From the standpoint of interrup¬ 
tion to customers, protection of electric 
power distribution systems from dis¬ 
turbances due to lightning is a problem 
of major importance. Operating ex¬ 
perience shows that lightning arresters * 
provide sufficient protection to justify 
their installation economically, p. 716— 

Pioneering in the- use of large 
capacity automatically adjustable blade 
turbines of the propeller type, the Safe 
Harbor hydroelectric development in¬ 
volved an unusual amount of experi-„ 
mental and engineering study. Lim-~ 
ited experience with this type of tur¬ 
bine in this country led to the construc¬ 
tion of a hydraulic laboratory for test¬ 
ing model turbines complete with scroll 
case and draft tube. p. 728-33 

ATTENDANCE at the 1932 Pacific 
Coast convention concluded at Van¬ 
couver, B. C„ on September 2, reached 
a total of 300 persons—a fitting tribute 

to the unremitting efforts of the com¬ 
mittees in charge. The convention 
was featured by the usual high quality 
technical sessions, active student par¬ 
ticipation, interesting inspection trips, 
and delightful entertainment and sports 
events, p. 734-6. Some of the dis¬ 
cussion presented at technical sessions 
: has been summarized, p. 737-8 
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115-Kv Submarine Cable 

for Columbia River. Crossing 

* 

* 

* 

Outstanding among cable installations is the recently completed 115-kv oil Filled submarine 
cable which crosses the Columbia River* between the states of Washington and Oregon. 
Three single-conductor hollow-core 750,000-cir-mil cables having armor wires oF hard 
drawn copper instead of steel, are laid directly on the bed oF the river 4 ft apart, and cross 
2 channels of the river, 3,460 and 1,360 ft in width. These crossings are connected by an 
overhead transmission line. A 33-ft maximum difference in the water level of the river 
necessitated the solution of a number of problems at this installation. The many interesting 
features are described in this article, which is divided into 4 main sections. The first section 
describes the general reasons for the principal decisions regarding the cable, the second 
describes the specifications and manufacture, the third describes the design of the field ■> 
. * installation, and the fourth covers installation and construction methods,. Each section 

• contributes valuable information in its respective field. , 
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D ELIVERY of electric energy fr«m 
the new Ariel plant of the Inland Power & Light 
Company on the Lewis River, Wash., to the load 
center of the Northwestern Electric 1 ' Company in 
Portland, Ore., made necessary the construction of 
approximately 36 miles of transmission fine including 
a ,115-kv submarine cable circuit crossing the Colum¬ 
bia River. The crossing site is just north of Portland 
city limits and about one mile west of Vancouver, 
Wash. The river, one of North America’s largest 
streams, forms the boundary between the states of 
Oregon and Washington. 

- At the crossing location, shown in Figs. 1 and 2, the 
river is divided by the 1 / 2 -mile wide Hayden Island 
into 2 channels, lie north channel being 3*460 ft in 
width and the south channel 1,360 ft. Two separate 
crossings, one across either channel, were therefore 
required. These were connected by an H-frame 
wood pole type transmission line as study had shown 
this to be more economical than to continue the 
cable underground across the island. v 
The selection of a nominal voltage of 110 kv for the 
transmission voltage was determined by an economic 
analysis of costs at various voltages for delivering 
energy from Ariel and other possible adjacent de¬ 
velopments to load centers in the Portland area; also 
from consideration of interconnected operation with 
other utilities in the Northwest. This later con-* 

Pull text of "115»Kv Submarine Crossing of the Columbia River” (Ho. 32-12'S) 
presented at the A.ME. E. Middle Eastern district meeting, Baltimore, Md., OH. 
10-18, 1032. 
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sideration has a very important bearing upon tH§ 
problem since all of the other major Companies are 
now operating or contemplate conversion ofprincipal 
trunk lines to nominal 110-kv operation. Further¬ 
more, physical interconnections already exist between 
all of these companies and interconnected operation 
has been employed for several years past, so the 
economic advantages to be gained and necessity for 
planning to meet the increasing demands for inter¬ 
change capacity have been clearly demonstrated. 

For the construction program necessary t© meet 
the load and service requirements, cost comparisons 
between crossing the river overhead or submarine 
clearly established the economy of the submarine 
method. Factors contributing to this were: the 
requirement of 198 ft minimum clearance above low 
water; the flat terrain at the crossing site or any¬ 
where in the vicinity; the small increment of cost 
for, a double circuit overhead crossing over a single 
circuit, making construction for 2 circuits the logical 
procedure although only one was needed initially; 
and the unusual requirements of mechanical strength 
for the overhead construction on account of the oc¬ 
casional very severe ice loading conditions experienced.* 
. Very careful and thorough consideration was given 
to the idea of trenching of cables in the river bottom 
in order to provide protection from ship anchors and 
other forms of external damage. With present river 
depth at minus 28 ft el (low water at 0) it was decided 
that the trench would have to be excavated to ininus 
40 ft el in order to be beneath, future ship channel 
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3. Ability of oil filled cable to maintain perfect impregnation and 
prevent void formation and ionization. 

4- ^Development 0 f a satisfactory joint for oil fille$ type submarine 

_ Three cables were laid directly on the bed of the 
river 4 ft apart and the shore ends above extreme low * 
water were trenched in and covered with 4 ft of 
sand. Some slack in the shore ends was provided for 
use in case of channel changes by the scouring action ' 
of the riyer or by dredging operations. 

Design and Manufacture 
of the Columbia River Cable 


Fig. 1. Site of the 11 5-l<v submarine cable crossing 
the Columbia River, viewed from the Washington side 
during construction 

• • 

bed as well as out of reach of projecting anchor an d 
dredge cutter heads.* Such a trench constructed 7 ft 
wicte on the bottom with walls of 1:3 slope for 
withstanding river current would cost from $40,000 
to $50,000 and there would be no definite assurance 
that the trench at right angles to the current could 
be kept open during laying without additional ex¬ 
penditures for sheet piling or for removing extra sand 
yardage. 

Witfe the.cables covered in a trench to minus 40 ft 
* d* is believed that it would not be economically 
practical to salvage the cable in case defects de¬ 
veloped. This fact would therefore necessitate the 
abandonment of that cable and the writing off of a 
comparatively large investment. With oil filled 
. cable laid directly on the bed of the river it is believed 
that die cable can be lifted readily and repaired in 
case of fault developing. The Northwestern Electric 
Company has ah experience record of 92 submarine 
cable years, covering 11 3-phase 11,000-volt sub¬ 
marine cables laid directly on the beds of the Colum¬ 
bia and Williamette Rivers in the general vicinity of 
che new crossing. This experience record, excluding 
pothead failures, discloses only one failure. In that 
case failure occurred when the cable was accidentally 
picked up by a sand digger clam shell. This favor- 
able experience record, combined with greater 
accessibility and less chance of abandonment,* to¬ 
ff™* Wlth fixed charge savings of from $5,200 to 
$6,500 per yr were responsible for the decision to lay 
the cable directly on the bed of the river * 

during the 3-yr study of this problem considerable 
fame was devoted to consideration of the relative 

fiiw 1 °‘ sobd of insulation versus oil 

filled type. The experience and advice of high volt- • 

Sn*+ Cable sp ? CI ?? lsts hi several manufacturing and 

t^ghout the United States 

*£SonttefoUo^acte^ 7 “ d -ble 

SE** ° <0ilfiUed “ ble « 
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The hollow core, single conductor, 
oil filled cable for the 115-kv submarine crossing of 
the Columbia River has the following specifications 
and calculated dimensions: 

Inside diam of copper supporting spiral, 0.690 in. 

Inside diam of conductor strands, 0.790 In. r 

Outside diam of conductor strands, 1.277 in. 

Conductor cross section, 750,000 cir mils. 

Thickness of wood pulp paper insulation, 0.560 in. (nominal). 
Perforated copper shielding tape (0.005 in.) interlocked with one 
paper tape. 

Inside diam of lead sheath, 2.497 in. 

Outside diam of lead sheath, 2.810 in. 

Lead sheath 5 / S2 in. 2 per cent tin-lead alloy. 

Two layers 16/3 ply tarred jute and asphalt. 

Hard drawn copper wire armor (0.238 in. diam). 

One layer 16/3 ply tarred jute, asphalt, and whiting. 

Overall diam, 3.80 In. 

Weight, 20 lb per ft. 

Voltage rating, 115 kv, 3 phase, grounded neutral. 

Seven reel lengths were manufactured and each 
length included not only the amount required for 
installation tgit also additional cable for test pur¬ 
poses. As manufactured, 3 lengths were approxi- * 
mately 3,78p ft each, 3 more were approximately 
1,600 ft and the remaining 832-ft length was shipped 
on a separate reel to be held in reserve for possible 
future emergency repair wor%. 

. The sheath was applied before drying and 
impregnation treatment. Each length was placed in 
a steam chamber. Vacuum was applied at each end 
of the hollow core and drying continued until all 
moisture was removed. Due to the long lengths 
involved this drying treatment was necessarily slow, 
fare 3,789 ft lengths requiring 391 hr. After drying 
impregnation was completed with carefully selected 

degasified oil having the following characteristics: 

Specific gravity, 0.91 

Viscosity at 37.8 deg C, 100 (Saybolt) ' 

Pour point, —40 deg C : ’ 

• ' ; ; ! - ." 

• Following the usual practise, the oil in the core, 
after impregnation was completed, was continuously 
maintained under positive pressure by use of one or 
more cell type pressure reservoir units connected to 
the cable end. The first principle of oil filled cable 
practise is to always maintain positive oil pressure at 
•sail points of cable length in the factory and during 
shipment, installation, and operation.' 5 The various 
operations' that are closely followed thrduirhout are 
solely for the purpose of initially remotfn^ 5r? 
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moisture, and other impurities from the entire system, 
completely filling with oil and mainta ining positive oil 
pressure, so £hat additional impurities cannot enter 
through accidental leaks. 

After impregnation the cable lengths were sub¬ 
jected to a special volumetric pressure test for assur¬ 
ance that all air and other gases had been removed. 
The complete lengths or test samples cut from® the 
* ends were then subjected to various special and 
standard acceptance tests, chief among ,which were 

^ the following: 

1. Factory reel high potential tes^, 166,000 volts conductor to 
sheath for 15 min at 60 cycles, before armoring. 

2. . Dielectric power factor qnd ionization factor, 20 to 100 volts per 
mil, 60 cycles on each reel length before and after armoring. Ioniza¬ 
tion factor limit 0.2 per cent actual 0’per cent. 

3. High voltage time test. Three 75 ft lengths, one before and 

2 after armoring. 196,000 volts for 6 hr with 20 per cent voltage 
steps every 6 hr to failure. The samples failed at 235 kv in 2, 3, 
and 5 hr. 

* 4. Two 25 ft samples before armoring for 60 cycle dielectric loss 

test. The average'Pleasured power factor was: 0.32 per cent at 
’ room temperature, 0.27 per cent at 60 deg C, 0.28 per cent at 70 
deg C and 0.30 per cent at 80 deg C. 

5. Three 15 ft samples, 2 •.before and 1 after armoring for bending 
test. Four cycles of 180° bending at —10 deg C around a mandril 
12. times cable diameter. Physical condition noted but electrical 
tests omitted as meaningless. 

After test the 7 shipping lengths were as follows: 

3 lengths 3,717 ft each, 3 1,532 ft each, and 1 spare 
832 ft length. Each was placed on a separate reel in 
the body of which was mounted a sufficient number 
of cell type pressure reservoir units to maintain an 
oil pressure between 5 lb and 15 lb during shipment 
and installation. All shipping reel bodies were 7 ft 
2 in. witie. The 3 reels for 3,717 ft lengths were 
11 ft 2 in. in diameter, and the remaining 4 had a 
diameter of 9 ft 6- in. Each reel was axially mounted 
in a permanent cradle with band brakes for unreeling 

. cable. Due to excessive size and shipping weight 
45 3 A tons for 3,717 ft units and 2lVa tons for 1,532 ft 
units, it was necessary to use. special gohdola freight 
cars and load only one reel per car. Obviously, such 
excessive size and weight required special manu¬ 
facturing facilities throughout and the various opera¬ 
tions presented a very interesting and difficult prob¬ 
lem. 

•Carrying Capacity of Cable 

The carrying capacity of a submarine cable, where 
the same size conductor is used throughout, is de¬ 
termined by the thermal conditions at the shore ends, 
the temperature rise of immersed section being, of 
course, much less. The carrying capacity of this 

•particular installation was more difficult to determine 
than usual because of the relatively short vertical 
risers at the ends representing the limiting thermal 
conditions. Due to transfer of heat from these 
exposed vertical risers into the earth* the usual 
formulas for cable in air do not apply exactly and the 
thermal correction factor was checked by heat run 
after installation. On the, basis of an ambient air 
temperature of 40.5 deg C, this cable has a conserva* 
tive rating of -575 amp for maximum conductor tem¬ 
perature of *70 deg C at vertical risers and Tyith copper 
armor bonded at base of terminals.' 
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If steel armor had been usee? under the same con¬ 
ditions, the rating would have been only 430’amp, 
due to excessive armor and sheath losses. The ad¬ 
vantages of low resistance copper armor in this re- -» 
spect are fully described in “Losses in Armored Single 
Conductor Lead Covered A-C Cables,’’ by O. R., * 
Schqrig, H. P. Kuehpi, and F. H. Buller, A.I.E.E. * 
Transactions, v. 48,1929, p. 417-34. 

Accessory Design and Manufacture 

* 

The following accessories and special installation 
and maintenance treating equipment were also 
furnished: . 

14 single conductor outdoor porcelain terminals or potheads. 

6 6 gal and 8 10 gal gravity cell type oil feeding reservoirs. 

4 10 gal cell type oil pressure reservoirs for maintaining pressure on 
emergency oil supply tanks at each terminal. 

8 50 gal emergency oil supply tanks with oil level gages, nitrogen 
gas cylinders, valves, fittings, etc., connected 2 in parallel at each • 
terminal. ' > 

800 gal special oil in 50 gal drums for filling terminal equipment after 
assembly. 

4 valve panels (6 valves each) for emergency paralleling or inter¬ 
change of oil feed for each phase. # 

2 repair joints with armor box and clamping rings. 

Copper tubing, armored lead piping, valves and miscellaneous 
fittings for connecting oil system. 

1 portable, motor driven oil degasifier. 

1 portable, motor driven vacuum pump. 

( 

1 impregnating bottle. *• 

Rubber vacuum hose, toggle clamps,''tanks of specially drieA carbon 
dioxide and miscellaneous fittings. 

The outdoor potheads were rated at 132 kv, foh 
lowing the usual practise of using one size larger 

* •* 
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porcelain. A cross sectional drawing of this design 
is shown in Fig. 3. The guaranteed dry and wet 60 
cycle flashover was 375 kv and 280 kv, respectively, 
•> and before shipment the potheads were subjected to 
„ the following test for leakage: 4 hr vacuum followed 
.by 2 hr oil pressure at 80 deg C. The te rmin al lugs 
had a flexible type stud to allo^y limited movement of 
the cable conductor during expansion and contrac¬ 
tion. There was also a special shut-off valve in the 
stud so mat oil pressure could be maintained in the 
cable core while tjie terminal was being vacuum 
treated and filled with degasified oil after assembly. 

All reservoir units, piping fittings, and other 
accessories were also subjected to rigid tests for leaks 
before shipment. They were again tested after 
installation and then carefully dried, evacuated, and 
filled with degasified oil. The cell type reservoir 
designs have been described in detail in “Characteris¬ 
tics of Oil Filled Cable,” by G. B. Shanklin and 
. F. H. Buller, A.I.E.E. Transactions, v. 50, 1931, 
p. 1,411-20; and “Oil Pressure Reservoirs for Under¬ 
ground* Cable,” by T. C. Aitchison, General Electric 
Review, July 1931, p. 410-15. The first of these also 
gives a general outline of the principles of oil filled 
cable practise, and a complete bibliography. 


Design of Field Installation 


The decks of these 4 structures are all at the same 
elevation and are above the usual high water level, 
but the lower portions will be submerged at high 
water.. The deck of each structure is surrounded by 
a barrier of steel plate to protect the potheads and 
accessories from bullets of youthful sportsmen who * 
frequent the neighborhood, and facing the water is 
a large sign warning against anchorage. 9 

The structure on the Washington side of the main T 
channel has a foundation of wooden piles. This 
structure is nearer to the water’s edge than the others * < 
1 and is adjacent to the ship channel. No piles are 
used underneath the bther structures. Jetties or 
dykes for protection against undercutting and 
damage by floating objects during flood periods will 
be provided for the structures on both sides of the 
main river channel when de em ed necessary. 

The steel dead end overhead structures are 
mounted on the decks of the concrete terminal struc¬ 
tures. They are self-supporting and are designed to 
withstand the maximum expected strain under 
heavy ice loading of the 795,000 <?ir mil A.C.S.R. ' 
overhead conductors. To gq.ard against failure 
from unforeseen loading conditions each conductor 
is dead-ended through a shearpin designed to fail -at 
the value corresponding to the maximum safe strain 
on the structure. 

Anchoring 


for the Columbia River Cable 

THE 4 terminal structures of the 115-kv 
submarine cable crossing of the Columbia River con¬ 
sist of reinforced concrete bases and platforms supr 
porting fable terminals and accessories, and steel 
dead end structures for the overhead lines. The 
details of the terminal structures are shown in Fig. 4. 


Anchoring of the cables is accomplished by the use 
of 2 concrete dead-men at each terminal structure. 
Chains are carried back from these dead-men to'the 
3 cables. Attachment to the cables is made by 
means of basket grips, this attachment being con¬ 
sidered sufficient due to the fact that a considerable 
section of c|ble between the structures and the 
water’s edge is buried in the sandy river bank, which - 



will take up a consider¬ 
able amount of pulling 
tension. 

* 

B ONDING AND GROUNDING 

Due to the fact that 
the cable armor is hard 
drawn copper some 
special problems were 
encountered in the bond¬ 
ing and grounding of this 
installation. During op¬ 
eration the armor carries 
a current almost as great 
as that in the conductor'' 
and for this reason care¬ 
fully designed and in¬ 
stalled high capacity 
bonds are necessary. 

Fig. 4. Outline of design 
for terminal structures. Struc¬ 
ture No. 1 differs slightly, hav¬ 
ing a foundation of wooden 

• 'a . a 


688 


Electrical Engineering 


* 



Careful study of probable electrolysis conditio ns , 
including analysis of the river water, indicated 
that there should be very little corrosion due to 
electrolysis. The water has a comparatively high 
sulphate content. If electrolysis, does have a ten¬ 
dency to start at any point, the lead sheath soon 
becomes coated with a tough, permanent film of l$ad 
sulphate, thus automatically stopping the action. 
However? since with copper armor any corrosion 
which mi ght occur would affect the anodic lead 
sheath and not the armor, it was considered advisable 
to take all possible precautions against damage by ! 
corrosion. To this end the “armor strands of the 3 
cables are bonded together at each end separately 
from .the sheaths, the latter also being bonded 
together separately and grounded. The 2 sets of 
bonds are connected together by a removable jumper, 
both armor and sheath being grounded when this 
jumper is in place. The idea of this arrangement is 
to permit periodically inserting an a mm eter between 
the armor and* sheath and testing for electrolysis 
currents. If appreciable currents should develop 
the sheath, and the ajmor can then be separated by 
removing the jumper or they can be connected 
through a battery supplying a potential which is 
counter to the electrolysis potential. 

Arrangement of the grounding system is shown in 
Fig. 5. The ground electrodes consist of a series of 
driven rods interconnected with each other and with 
all equipment and structures, forming a low resistance 
grounding network. 

Lightning Protection 

The lightning protection for the cables and ter¬ 
minals consists of simple spillway gaps mounted 
across the dead end insulator stringy at each ter-- 
• minal structure. They are well grounded to the 
grounding network which, in turn, provides a short 
and effective connection to the cable sfieaths. The 
gap setting for operation at 115 kv is 30 in. between 
points, this being considerably below the impulse 
insulation strength of the cable and terminals and 
also somewhat below the maximum recommended 
Setting of 36 in. given by the manufacturer of the 
cable and accessories. It is also somewhat higher 
-than. the maximum expected switching surge volt¬ 
ages, so that lightning should be the only cause for 
flashover. Flashover of these gaps n^ay involve a 
trip-out of the transmission circuit in a manner 
similar to that of a lightning stroke occurring at any 
other point of the line. 

On account of the fog and contamination condition 
•existing along the river, a leakage distance of 80 in., 
equivalent to 1.2 in. per kv to grountj, is provided on 
the terminal bushings. Two strings in yoke each of 
7 suspension units giving leakage distance of approxi¬ 
mately 90 in. are used on the dead ends. *No pedestal 
insulators are required with the simple structure 
design employed. 

Oil Level, Alarm System 

Sipce Hie? installation is somewhat remote from the 
nearest attended substation it was considered advis- 
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Fig. 5. Bonding 
and jointing ar¬ 
rangements at ter¬ 
minal structures 
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able to provide remote indication of oil level condi¬ 
tions in the oil reservoirs. Such indication is pro¬ 
vided by alarm devices at the oil reservoirs, which 
devices are connected to telephone lines terminating 
in Vancouver substation. By a system of resistances 
individual indication of the different reservoirs can 
be given over a single telephone line from a given 
location, the indications being obtained by*an am- 
meter type of indicator in th£ station. Only 3*of the 
structures are equipped with this signal system, 
namely, the 2 on the main channel and the 1 on the 
north side of Oregon Slough. Fig. 6 is a diagram 
this signal system. 


•I * 


Emergency Oil Supply 

In case of damage to the cable (as for instance by a 
ship’s anchor) which results in an oil leak, consider¬ 
able time must elapse before the cable can be raised 
and the damage repaired. It was therefore con¬ 
sidered advisable to provide emergency oil storage 
so that continuous oil flow can be maintained until 
repairs are effected. This emergency storage con¬ 
sists of simple drum type reservoirs, 2 of 50 gal 
capacity each for each terminal structure, with 
suitable piping and valve arrangement to connect 
thes*e reservoirs with the cable oil system when 
needed. The valves are hand operated. These, 
reservoirs are provided witfc tanks of nitrogen under 
pressure not normally in contact with oil, but with 
valve arrangements by which the oil in the taqjss 
can be displaced by the nitrogen under emergency 
conditions. The contact of nitrogen with the oil for 
short periods of tim e is not considered especially 
objectionable, although contact for longer periods of* 
time would be definitely deleterious. The nitrogen 
is supplied in ordinary high pressure cylinders fitted, 
with special reducing valves. Safety valves are 
provided to limit the pressure of the oil when forced 
by the nitrogen gas from the emergency tanks to the 
cable oil system. The nitrogen is required to be extra 
dry and the cylinders are required to be dned out 
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before the nitrogen is* introduced. Since it is neces¬ 
sary to avoid contact of the oil in the emergency 
tanks with air at all times during normal operation 
► these tanks are serviced by small auxiliary reservoirs 
. of the expansible cell type which maintain positive 

# oil pressure in the main tanks at all times. This oil 
piping system is shown in Fig. 7„ 

Oil Pressure and Flow Characteristics 

^During installation great care was taken to main¬ 
tain positive oil pressure at all times as a safeguard 
against accidental leakage and also during periods 
when cable ends were opened for terminal assembly. 
Under these conditions a predetermined value of oil 
flow must be maintained, just sufficient to prevent 
entrance of moisture or air. During operation the 
same problem exists and, in the case of submarine 
cable, the surrounding water pressure at different 

• points of the profile must be considered. 

> Submarine cable in long lengths presents a more 
difficult* oil feed problem than ordinary underground 
cable. The limiting^ conditions are, maintenance of 
positive oil pressure at middle of cable length during 
coldest winter weather, without exceeding a safe oil 
pressure on sheath at low water level under full load 
su mm er conditions. The armor gives some support? 
to the sheath and the practise is never to exceed a 
pressure of 20 lb per sq in. at low water level. Water 
is more dense than oil. There is, approximately, 1 lb 
gain in' head pressure of water for every 30 ft of 
depth, r as compared with oil. The head pressure of 
. oil is approximately 272 ft per lb. 

^The Columbia River crossing was particularly 
difficult because of the great difference (33 ft) be*- 
'tween low* and high water levels. The mavimiitTn 
depth in the middle of the channel at low water level 

. is 30 ft, giving a depth of 66 ft at high water. After- 

* a careful study of conditions it was decided to use 
gravity fe£d reservoirs mounted at the same level 
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(44 ft above low water) at both ends and feeding 
toward middle of cable length. This represented 
an oil pressure of 18 lb per sq in. on |he sheath at 
low water level and left only 1 or 2 lb margin of oil 
pressure over wate$ pressure at middle of length when 
load is dropped in the winter at. high water level. 
Th r e margin is sufficient, however, since the assumed 
conditions are extreme and of only transient nature, 
the pressure drop in the cable core lasting for less 
than an hour after load is dropped. 

These limiting conditions, and the need of utilizing 
*all available oil pressure, did not allow the use of 
restrictors for limiting*oil flow in hot weather in 
case of accident. In the winter such restriction is 
not needed but in the summer the reservoirs would 
empty at a fairly rapid rate in case of a “full open” 
accidental leak in the system. 

This question was given careful study. Space does 
not allow inclusion of details. Briefly summarized, 
the conclusions are: 

1. The regular switch signal or the oil level alarm relays will give 
warning immediately or soon after the accident, allowing an emer¬ 
gency crew to be on the scene within 1 or 2 hr. 

* $ <r 

2 - Jhe position of the failure, and other factors, will determine 
whether the reservoirs involved are exhausted of oil by that time. 
If not, the emergency oil supply is turned on and the nitrogen gas 
Pressure adjusted (20 lb limit) to maintain an oil flow not greater 
than 6 -gal per hr. This will entirely prevent entrance of water or 
air m the system and the flow can be maintained until the damage 
is located and repaired. 

3* Even if one or more reservoirs are found exhausted the water 
will enter the cable core very slowly, if at all, and will have traveled 
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Fig. 8. Floating equipment used while laying' cable 

.. » 

by the time the crew arrives. Emergency 
+w ki W ^ 1 th ® u be adjusted as described, the oil leak located and 
t? Ju b K pK f ed J? p ’ ^ at vomt of leakage, but 200 ft on each side. 
It will be cut under $>ii flow at these points and tested for moisture, 
repeating the operation in 100 ft steps if necessary. A length of 
replacement cable.will then be spliced in. ^ 1 

The repaif joints, field in stock for such emergency 
use are of standard design successfully used in pre¬ 
law )£ ous conduit installations with the exception that 
b tne spun copper casing is protected by a cylindrical 
. SJHor d° x having bolted armor clamps at each end. 
The cable paper is stepped and the usual low loss 
varnished cambnc tape used for reinforcement 
. wrappings. The halved connector is of the double 
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shfct-off plug design that has proved so successful in 
the past. The copper casing is 3 ft 8 in. long by 6 in. 
diam. The armor box is 4 ft 2 1 / 2 in. long by 8 in. 
diam. * 

« 

Installation Procedure 

* 

(or the Columbia River Cable 

• . 

THE importance of the 115-kv sub-« 
marine cable crossing of the Columbia River, the 
unusually great size of the reels of cable, and the fact 
that this was the first submarine installation of oil 
filled cable to be made in this country, set a task of a 
new order for the construction forces, and created 
many unusual construction problems. 

Several weeks before the installation was started, 

, a school was set up for the construction personnel 
and intensive training was carried out. This in¬ 
cluded such work as making up pothead connec¬ 
tions by the use of short lengths of scrap cable. 
Undoubtedly it was ’this training together with very 
careful engineering of the construction work that 
enabled the installation to be made without serious 
mishap. ^ 

Barge Equipment 

Equipment suitable for laying the long heavy 
lengths of submarine cable was diffioult to assemble 
from a harbor the size of Portland’s, and it was only 
after considerable effort that necessary equipment 
at a reasonable rental cost was obtained. This 
equipment as finally assembled consisted of a flat- 
deck barge, 400 ton capacity, 125 ft long, 32 ft wide, 

. on which the 3 cable reels for each crossing and con¬ 
trol equipment were placed. As auxiliary to the 
cable barge, a steam dipper dredge bargd was utilized 
as a derrick, and in addition there were 2 small 
gasoline donkey scows from the Port of Portland’s 
dredging equipment, a" spare flat-deck barge for use 
as spare deck space, and 2 small derrick tugs, one 
for use in changing anchor lines and anchors and one 
for emergency. * 

v'. The main barge was arranged for laying the 3 
cables at each crossing simultaneously, the reds being 
mounted in tandem for proper deck load distribution. 
The 2 reds nearest the laying end, or* stem of the 
barge, were raised sufficiently to allow the cable from 
the reel forward to pass underneath. Easy running 
rollers were placed at such points as to eliminate, all 
• possible friction. An overhanging timber structure 
was constructed at the stem of the main barge, with 
rollers arranged for a minimum safe* bending Radius 
of cable as it was fed overboard, and which spaced 
the cables 4 ft apart. The 2 flanges of each reel 
were equipped with friction band brakes, one used 
for laying control and one for emergency. 

Calculations for running lines and strains when 
.. .. laying the cable were made on the basis of maintain-, 
ing the main barge sidewise to river current, which 
at the time* of laying was approximately 7 miles p§r 
hr. *A dDnkey scow was placed at bow and stem on 
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Fig, 9. Arrangement of floating equipment used for 
laying cable 


the upstream side of the cabte barge. Two steel 
lines, with large anchors attached from each of* the 
donkey scows, were maintained upstream while laying 
nnd moved in successive steps across the river. The 
derrick barge was held alongside the main barge on 
the downstream side, with steel lines, also with 
anchors attached, extending from the donkey drums 
at bow and stem for control of movement across the 
river. These anchors were nlso moved as required. 
The derrick tugs mentioned were used for changing 
anchors and to clear lines of driftwood, trees, etc., 
Fhich were quite heavy at this flood stage of tKe 
river. The general arrangement of tlye jecpiipment 
is shown in Figs. 8 and 9. 

Buzzer and bell signals were provided to each 
operation control point. One control was from the ; 
point where the cable went overboard, controlling 
slack and reel movement ;• another-point controlled 
barge movement across river and the upstream • 
anchor lines from the donkey scows. This control 
point was in turn controlled by telephone from the 
shore where men with transits were located for 
alinement of the cable. . 

Laying the Cable 

The shorter sections of cable across the Oregon 
Slough (see Figs. 1 and 2) were laid first, and on a • 
rapidly rising river. The 3^shore ends, one at a time, 
weqs pulled over rollers located at frequent intervals, 
into terminal structure No. 4, by means of lines fr^m 
derrick hoisting drums fastened to the armor pulling • 
eyes at the cable ends. (The terminal structures are 
. numbered consecutively from 1 to 4, beginning with 
the one farthest north, as indicated in Fig. 2.)* 
Cables were then clamped in final position with 
^necessary slack above terminal pedestalsdor terminal 
"installation. ; \ 

Temporary 6il connections were made between the 
3 cable ends and the 3 permanent oil pipings which 
had, been installed with permanent oil reservoirs, 
emergency oil: tanks, etc., previous to cable laying 





operations. Oil supply to the cable was then made 
from .the permanent oil supply apparatus, oil supply 
to the cable from the temporary pressure reservoirs 
shipped with the reels being closed off. Reserve 
supply of oil and the degasifying equipment were 
.connected and made ready to provide against any 
• ’possible emergency that might.arise. After all con¬ 
nections were complete, short'slacks were laid*just 
outside ter minal No. 4 and temporarily anchored, and 
the laying of the Oregon Slough crossing started. 
This laying to a point approximately 300 ft from 
terminal No. 3, where slack was to be dropped, took 
5 hr. 'Slack, as engineered for this location, was laid 
out on the deck of the spare barge and lashed in place 
to cros^ timbers which were later rais*ed with the 
derrick and the spare scow pulled from under the 
suspended cables. The suspended cables were then 
carefully lowered to the bottom of the river, later 
checked by a diver as to lay, and then the lashing cut 
. allowing timbers to float to the surface of the river. 
The laying. equipment was then moved to terminal 
No, 3, the shore end footage of the cable pulled from 
the reels and placed in the shape of a figure 8 on the 
deck of the spare barge. Reels were then removed 
from the main barge deck, ends of the 3 cables were 
pulled into terminal No. 3 and clamped into proper 
plafce. The 3 cables were then one at a time moved 
over toward the edge of the barge and carefully 
lowered overboard in final location alongside. 

Laying of the 3 longer sections across the main 
channehwas more difficult on account of the extreme 
high water and heavy current, but was accomplished 
in the same' manner as the Oregon Slough crossing. 
Laying of these lengths was started from structure 
No. 1 on the Washington side of the river and laid to 
terminal ^yq* 2. The crossing time of the river 
proper was approximately 14 hr, the following 2 days 
being used in disposing of slack at the outer edge of 
: the 800 ft sand bar and working the barge equipment* 
through the dredged channel to structure No. 2. 

The same preparations were made at No. 1, where 
cable ends were first temporarily connected to the 
permanent 6il reservoir system for any oil emergency 
condition, as were made at No. 4. These prepara¬ 
tions Were called into use shortly after the laying 
process started. 

When about 1,000 ft from structure No. 1, the oil 
pipe connections between the inner end of the cable 
and the oil reservoirs contained within the reel body 
was sheared off on account of creepage movement of 
the inner layers of cable. The man handling the 
emergency oil apparatus at structure No. 1 imme¬ 
diately noticed a drop m oil pressure and, as in- 
stpicted, supplied the emergency oil, maintaining*the 
established pressure. Before the crossing of the 
main channel was completed the oil connections on 
the 2 remaining cables were also sheared off, also 
/owing to the slippage of lire inner layers of cable on * 
the reel drum. The leaks thus developed could not 
be closed until sufficient cable was taken from the 
reels to allow access to tfce inner layer, and at one 
thne it was problematical as to whether there was a 
sufficient supply of degasified oil available to main¬ 
tain oil pressure on the cable until oil leakage from 
broken connections was stopped. * 


Terminal Installation 

After the cable laying was completed, terminal pot- 
head installation was immediately started at terminal 
No. 3, the necessary oil flow from cut cable ends being 
supplied from the permanent oil system through the 
temporary oil piping at terminal structure No. 4. No 
difficulty was experienced at any time during installa¬ 
tion. The entire structure was temporarily covered «• 
with canvas to protect the working deck from rain 
and, in turn, each terminal location was inclosed with 
* a special tent during taping and terminal assembling 
operations. r 

Terminals were next installed at terminal structure 
No. 4 with oil control for operations at this point 
through the cable from 'the permanent oil system at 
No. 3. The same procedure in rotation was followed 
for the terminal installation at structures Nos. 2 and 
1. In all terminal assembly operations, as well as at 
other times, telephone communication was main¬ 
tained between all 4 structures. This communica¬ 
tion between structures allowed very close regulation * 
of required oil flow and pressure during terminal 
installation and also for the final adjustment and 
testing of the entire oil system. 

Aside from the broken oil connection, no difficulty 
of an^ serious nature was experienced during the 
entire installation of cable and terminals. 

Tests and Operation 

As soon as the installation was completed a 3-phase 
60-cycle short-circuit current heat run was made, 
temperatures, induced sheath and armor currents, oil 
volume changes, etc., being carefully nieasured. 
This heat run served a 2-fold purpose: it caused 
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Table I—Comparison of Calculated and Heat Run Data 


Circulating Current* (Avg) 

840 Amp Load 

798 Amp Load 

Sheath... 

Armor. 

. .Measured.... 

Calculated... 

. .Measured.... 
Calculated... 

...,.12.1% 

.11.3% 

.93.2% 

• 

;-,- 

Armor Temperatures (Max.) 

840 Amp Load 

795 Amp Load 

Columbia River 

In air.......... 

• 

Under water.... 

.Measured..., 
Calculated... 
.Measured.... 

.30.1 deg C 

* 

Oregon Slough 

In air.... 

.Measured.... 



Under water.... 

Calculated... 

.Measured.... 


...29.7 deg C 

Oil Level in Reservoirs 

• 

• 


At 795 Amp Load 

At No Load 


Columbia River....... Measured... 8.0 gal .4.5 gal 

, Calculated.7.88 gal ...... 4.2 gal 

Oregon Slough...Measured......... 4.8 gal ...... 2.8gal 

Calculated...:.... 4.53 gal ...... 3,1 gal 


Ambient Temperatures Columbia River Oregon Slough 


Water Ambient....... ..V..........15.0 deg C.16.0deg C 

• Air Ambient...........17.0 deg C?.... .18.0deg C 

f— --——---:-:—- rr ■■ - ■■■ -- 

* Percentages given are in per oenf of ampere load. «■ r , 
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utfiform dispersion and absorption of any small 
amounts of impurities that might not have been 
excluded, and it furnished a final check on all theo¬ 
retical calculations. Table I gives a summary of 
these calculations and the essential heat run data. 


Operation of the cable under normal conditions 
since June 19, 1932, to* date has been very satisfac¬ 
tory. Cable temperatures and oil level fluctuations 
have followed the calculated values very closely with 
varying load conditions. 


Further Research in 

Injuries From Electric Shock W. B. KOUWENHOVEN 

9 MEMBER A.I.E.E. 


With approximately 2,500 persons suffer¬ 
ing from • electric shock annually in the 
United States, fatally in about 50 per cent 
of the cases, the problem presented is one 
of increasing importance. In recognition 
of this fact, intensive experimental work 
has been under way at The Johns Hopkins 
University for some time, supported by 
funds made available through the gener¬ 
osity of the Committee on Physiology of. 
the Conference on Electric Shock. The 
accompanying article discusses the effects 
of'injuries produced by surge discharges, 
and summarizes some of the more important 
conclusions previously published 
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Both of The Johns 
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OCCIDENTS caused by electric 
shock in general and by contacts with low voltage 
circuits in particular are increasing in number with 
the increasing industrial and domestic use of. elec- 
■'trical equipment. Case analyses have shown that 
individuals between 15 and 30 years of age are 
most likely to be the victims, perhaps, owing to the 
greater carelessness of youth; and that more men 
are injured than women. Also, accidents have been 
found to be more common during the summer 
( months as a result of reduced protection by clothing, 
* and the presence of perspiration which decreases 
the skin resistance. To supplement the analytical 
study of the case history of several hundred un¬ 
fortunate human victims of electrical accidents, 
laboratory experimental work has been carried on 
for some time by The Johns Hopkins University 
in an effort to learn enough about the physiology 
involved to enable the determination of effective 
remedial measures that will save human life. • 

—t ; — ——t— * - - -:— -;— --— ---s— 

Written especially for Elbctrical Bnginbbrino. Not published in pamPjjlel 
■ form, ' * • 


In this laboratory work the injuries produced by 
electric currents have been studied through analyses 
of the effects of shocks upon’living animals com¬ 
pletely anesthetized. Animals differ widely in their 
ability to withstand electric shocks; dogs are killed 
.by a relatively small current, while rats are much 
more resistant. The difference lies to a great extent 
in the behavior of the heart; the adult dog’s heart 
readily is thrown into ventricular fibrillation by a 
small electric current, and does not recover from that 
condition spontaneously, whereas the ventricles of a 
rat’s heart apparently do not fibrillate. By ven- _ 
tricular fibrillation is meant the failure of the ven- * 
•tricles of the heart to beat with a coordinated rhythm, 
the individual inuscle fibers contract asynchronously 
instead. 

. While these wide variations in reaction make 
difficult the direct application to man of the results I 
obtained experimentally from animals,* the vari¬ 
abilities noted prove to be an aid rather than a 
hindrance to the progress of experimental work 
provided the proper animal is selected and the 
different reactions are kept well in mind. Thus, the 
authors have used the rat in their studies *of the , 
changes in the nervous system, and the dog in their 
studies of ventricular fibrillation; all animals of 
course thoroughly anesthetized throughout the en¬ 
tire experimental procedure. The essential features 
of this experimental work have been covered in 
previous issues of Electrical Engineering : 

1 . "What Are Effects of Electric'Shock?” June 1931, p. 406-10. 

* 

2. "Nerve Injuries From Electric Shock,” December 1931, p, 

929-32. • 

3. "Heart Injury From Electric Shock,” April 1931, p. 242-4. 

The present article includes results from sqme new 
work with an impulse generator, and summarizes a 
♦further analysis of previous work. 

Injuries From Surge Discharges 

As the surge or impulse generator is used more and, 
mole widely in industry, there has arisen the question 
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of the danger to life ofrshocks received from it. In an 
attempt to obtain some indication of the correct 
answer to this question, several experiments have 
been conducted with a small impulse generator, the 
only resistance* in the circuit being the body of the 
animal und^r test. Cathode oscillograms showed 
* that under these conditions the current reached 
a value slightly dn excess of 100 amp at 200?000 
volts maximum. The steepness of the wave front is 
shown by the fact that the current reached its maxi¬ 
mum value in V 4 microsecond, with the entire dis¬ 
charge^ completed in'about 4 x / 4 microseconds. With 
this apparatus several rats were tested with the re¬ 
sults shown in Table I. 

With group 1, a clip attached to the ’desired part 
of the body and extending several inches above the 
animal attracted the spark to a particular location. 
All of the 7 rats tested breathed spontaneously and 
were active immediately following the shock. The 
.only evidence of abnormality was in the 2 that had 
received th$ discharge at the level of the shoulders; 
theif sense of equilibrium was disturbed, and they 
rolled around in small circles for some 10 minutes, 
after which they were quite normal. It is evident 
that tinder these conditions little or no damage was 
produced by the surge discharge. 

In the second group where 5 rats were suspended 
so that the surge traversed the entire length of the* 


"Tabic I—Results of Surge Shocks on Rats 

. Grou P Path of Surge No. Recovery Breathing Heart Beat Resuscitation 

1 Surge entered at: - 

Head *••?•••• 3 -Normal .. Norpial .. None needed 

Shoulder * • . .3... .3... .Normal ..Normal ..None needed 

Ramp .. 1.... 1... .Normal . .Normal . .None needed 

2 Tail to head . .4... .0... .None ..None ..Failed 

• _ . . , . detected 

. Back of head to 

tail . . .1... .0... .Feeble ..Feeble .’.Failed 

3 Back of neck to Feeble in 1; 

tail ..4....0.,..ao#e' in..Feeble ..Failed 

others 

4 Shoulders to 4ail. .4... .3... .1 normal; Normal . .Not needed on X; 

others feeble successful on 2 

8 of back • Failed on the 1 

n-ul* , x • -4... .3.Normal .. Normal .. requiring it 

Right fore leg to 1 n o r m a 1; Not needed on 1; 

* tail . , ..3.... 2. ...others feeble......1 successful; 1 

Left fore leg to 1 norma!; Not^eeded on X; 

Ul1 .. 4.... X.... others feeble.others failure 

to none 

6 Back of neck to Feeble to 

abdomen ..4....1.none ..Feeble . - Successful oft 1 

weSSe 1 ^rthemt^spencle^°" ** T*^ ° ther 


bociy, all died despite the use of artificial respiration. 
In only one of these rats was heartbeat noted follow¬ 
ing the shock; this rat made a few attempts to 
breathe,* but died ultimately in spite of long con¬ 
tinued efforts with artificial respiration. In this 
group of animals, rhythmic tremors of the striated* 
musculature were observed most markedly in the 
hindlegs. 

, The brain itself was hot included in the path of the 
^charge apphed to group 3, but the brain stem and 
ihe^areas controlling the heart and respiration lay 


694 


- . * ... 


close to the electrode. In all 4 cases the injury to the 
heart proved fatal in spite of artificial respiration, 
and in spite of the fact that the heart damage was 
not so great as that noted where the discharge 
traversed the entire length of the body. 

The 4 animals of group 4 were tested with the 
surge entering at the level of the shoulder and 
passing from the tail to the ground plate, binder 
these conditions, the portion of the brain that con¬ 
trols the heart and lungs did not lie in the direct 
path of *the discharge. One animal breathed at 
♦once following the injury and recovered quickly. 
Another started to breathe spontaneously, but 
stopped and was saved by artificial respiration. The 
third also was resuscitated successfully, but the 
fourth died in spite of initial attempts to breathe. 
In all these animals their hearts beat strongly 
following the surge discharge. Marked tremors also 
were noted, and in one animal the hind legs were 
weak for an hotxr after the shock, subsequently be¬ 
coming quite normal. * 

Following a surge discharge passing through the 
4 animals of group 5 from the mid-thoracic region to 
the tail, all breathed spontaneously and'the heart 
of each beat strongly following the shock. In one 
case, however, the breathing subsequently ceased 
and the animal could not be resuscitated. Also, 
several animals were tested by being suspended 
from one fore leg, the spark passing from the tail to 

the ground plate with the results as noted in the 
table. 

Iti the tests on group 6 the discharge entered at 
the back of the neck and left in the mid-abdominal 
region. On the 4 animals tested in this manner, 
artificial respiration was used in eveiy case, but 
with only one recovery. In all anjmals the heart¬ 
beat was weak following the discharge, but improved 
considerably during the next few minutes. Clonic 
movements followed the passage of the discharge. 

As evidenced by earlier experimental work the 
heart of a rat is usually but little influenced by 
electric shock, This, however, is not true in the 
case of lightning discharge, under which condition 
the action of the rat’s heart was in many 
definitely affected. Immediately following the dis¬ 
charge, either no heartbeat could be detected, or the 
heart' was very feeble, but there was no evidence 
of ventricular fibrillation. Although in almost' 
every case the discharge of the lightning generator 
used in these tests produced tremors in the mus¬ 
culature, there was but little evidence of tfe severe 
muscular contractions noticed in the earlier experi¬ 
ments with d-c and a-c circuits; in these impulse 
experiments the chests of the animals were expanded 
following the discharge. 

Thege experiments with the surge generator again 
clearly emphasize the importance of the current 
path through the animal, and check the results al¬ 
ready reported for the various current pathways. 

It is evident also that the amount of nerve tissue 
lying in the current path bears a direct relationship 
to the damage to the organism. In the tests, as 
the brain and nerve centers were eliminated from 
the current path, the Chances of recovery became 
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Summary of Effects 

Produced by Electric Shock 

Some of tlie factors of greater importance in cases 
of electric shock will be summarized in the following: 

* paragraphs. 

The effects of voltage as indicated by the experi¬ 
ment Vith rats showed clearly that low voltage * a-c 

* shocks are more deadly than d-c shocks of corre¬ 
sponding voltage; that d-c shocks on a 1,000-volt 


Perhaps this is’one of the reasons for tie belief that thin people are 

mote susceptible to electric shocks than are large individuals. 

* 

The duration of the contact with electric circuits 
is of extreme importance in deter mining whether'or 
not the victim will survive. In general, the hope of 
successful resuscitation dwindles as the time of 
contact and the voltage of the shock is increased. 

Usually in cases of human accidents but few data are available to 
reveal the length of time the current flowed through th§ body of the 
victim. Fortunately, because of the violent muscular contraction 


Table II—Effects of Voltage 


Voltage 


* 

* 

Number 

Duration 
of Shock 

Current 

Per Cent 
Receiving 
Artificial 

_ * 

Per Cent 

Per Cent 

Per Cent 
Immediate 

** 

Average 

Resistance 

Tested 

Sec 

MiUiamp 

Respiration 

Paralyzed 

Died 

Recovery 

Ohms 


A-C—110 . 

.11... ... 

_ 10-30. 

. 25-48 . 

.90. 

. ,, 9 

.27.. 

12 . 

.64.. 

■ . . 85 

2 685 

D-C—110 . 

.33. 

_ 6-60. 

. 28-47 . 

.an...,. 

,. a,, 

A-C—220 . 

.28. 

.... 5-14. 


.93. 

• • •»• 38* . • * « 

.34.. 

.28.. 

__1.890 

D-C—220 

.19. 

_ 6-30. 

__100-200 . 

.74..... 


..,.42 . 

.. 63.. 

.l r B35 

A-C—500 . 

.26. 

.... 1-4 . 

.240-400 ..... 

.73. 

• • * * 80* . •. ■ 

.....12.. 

.38.. 


D-C—500 . .^ .. . 

.37. 

_ 1-4. 

.280-640 . 

.89. 


... 46..* 

. . 49 

.*1.385, 

A-C—1,000 ..T... 

.28. 

.... 1-4 . 

.650-1,200..'... 

• • • ••85,•»• • 

'••••• 39 • • ■ • • 

.32.. 

........29.. 


D-C—£000 . 

......31.,. 

.... Vio-l. 

.600-1,100. 

.97. 

,»•...13*»■•• 

.58.. 

..........29.. 

.1,365 


•» 




circuit were more deadly than a-c shocks of corre¬ 
sponding Voltage; that in either case the'injury 
increases with the increase in voltage. 

The danger of contact with high voltage circuits is recognized widely, 
but the serious and far more prevalent hazard from contacts with low 
voltage a-c circuits in residences and factories as yet is not sufficiently 
widely understood for public safety. The danger of contact with 
low voltage circuits increases as the contact resistances of the body 
are lowered. When a person who is well grounded comes into 
contact with a low voltage circuit through a defective electrical 
device or otherwise, the value of the current may be sufficient to 
cause death. The majority of such accidents occur in bathrooms, 
damp cellars, around water and gas piping, and other places where 
local conditions reduce to a negligible value the contact resistance 
, of the body. * 

When contact is made with a high voltage circuit, the contraction 
of the muscles is so violent that often the victim is thrown dear, 
whereas it is difficult if not impossible for the victim to release his 
hold in cases of low voltage shock because the muscular contraction 
is steady rather than violent. When the body forms part of an 
electric circuit it offers 2 resistances to the passage of current: 
the contact resistance, and the ohmic resistance of the body proper, 
that in the case of human beings amounts to approximately 200 ohms. 
The contact resistance offered by the calloused palm of a laborer 
'may be 100,000 ohms per sq cm, whereas with moisture present 
that same resistance may fall to 1,200 ohms or leas per sq cm. 
Analyses of experimental data show that the contact resistance 
- drop is.of the form of a voltage drop which is practically independent 
of the current flowing. 

In human beings electric currents, of from 8 to 
lOma aCre quite painful; at 20ma the muscular 
contraction is so great that the victim cannot release 
his hold on the circuit; a current of from 90 to lOOma 
4 is considered dangerous. 

In human accidents only the voltage of the circuit usually can be 
determined, leaving in doubt the value of current flow through the 
body. Sensitivity to dectric current varies widely in* different 
individuals and various animals; in general the threshold of sensi-„ 
tivity ranges between 0.5 and 2ma. Experiments reported upon 
by other qualified investigators have demonstrated that in dogs a 
current of from 70 to 80ma flowing through the body produces 
ventricular fibrillation of the heart; that larger currents may cause 
sufficient muscular contraction to inhibit all heart action. In these 
latter cases the heart usually resumes rhythmic beat when the 
circuit is opened. . ' » 

Not only is total current through the body of importance, but the 
current density* also must be considered. In their laboratory 
experiments,* the authors found that a small animal could hot 
recover from a given shock so readily as could a much larger animal. 


when contact is made with high voltage circuits, the shock is usually 
, of short duration. In cases of low voltage shock, however' the 
person may be held in contact with a circuit for an appreciable time. 
Laboratory experiments with animals have borne out the vital 
importance of the time factor. 

Human beings sometimes retain full Consciousness * 
while in contact with an,electric circuit and are 
able to call for help, whereas others are rendered 
unconscious at once. 

Tf the victim recovers, consciousness may return after a few seconds 
'or minutes, and usually the victim is able to retqrn immediately to 
his work provided the injuries inflicted by the» ctuyent are not 
severe. In some instances, however, the unconscious state passes 
into a deep coma which in turn is interrupted by violent convulsions 
? terminating in death. There are on record several accidents in „ 
which unconsciousness followed a shock between 2 fingers of the. 
same hand, or 2 points on the same leg. In such accidents no 
current flowed through the central nervous system, and the resulting 
unconsciousness must have been due to the sudden shock and the 
resulting vasomotor reactions. # 

That shocks may cause a “block” in the nervous 
system that will inhibit respiration has been^demon¬ 
strated conclusively. If artificial respiration is • 
applied promptly and continued for a sufficient time 
the respiratory nerve center may have opportunity 
for successful recovery. 

Extensive laboratory experiments substantiate the value of prompt 
a n A long sustained artificial respiration. In the microscopic exami- ■ 
nation of the nerve tissues of test animals the injury to the nerve 
structure was demonstrated clearly. In those animals which could 
not be induced to breathe followihg the shock the cell damage was 
most marked; in some instances the severity of the nerve cell injury 
was incompatible with life. m 

Hemorrhages have been found in the spinal cords 
of many of the rats subjected to laboratory shocks, 
but injuries of this type are not found in tj^e case of 
human accidents. 

* In several animals, however, hemorrhages were found both in the 
substance of the medulla oblongata and filling thfc fourth ventricle 
of the brain; similar hemorrhages are common in legal human 
electrocutions. Apparent hemorrhages in the lungs have been 
noted in the case of some human accidents, a condition noted also 
in the laboratory experiments. Excepting only those which dis¬ 
tended the fourth ventricle pressing bn the respiratory center and 
those occurring in the spinal cord, the hemorrhages found in the 
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brains of the rats seldom ttere responsible for the death of the m _ _ , 

animals involved. w ■ g \ #*■ B 

Convulsions are recorded occasionally as following ^OnQUClOr V lOrdtlOD on 

an'electric shock'ni human accidents, a phenomenon _ r> 

observed also in several of the experimental animals. | MnCmiCCIrtn I in/»e III 

The animals so'affected were found to be hypersensitive to all " I Cl 1551^^11 Lav III '| 11 

' sensory stimuli after the shock. In a few cases there was evidence 
of disturbance to the vestibular mechanisfii, as shown by the anffrials 

walking or running in circles. ■ • • « 

The hitman heart seldom recovers spontaneously tests mac ^ e ,n California on a double 

from the state of ventricular fibrillation. Some circuit tower line comprising one aluminum 

observers of electrical accidents believe that the , and one copper circuit show that these 

majority of deaths are caused by this abnormality. different tvnoc of .1 ' j 

Therefore the action of electric current upon the d ftcrc " t types of conductors vibrate under 

heart is ef the greatest importance. * approximately the same conditions and at 

As yet, no specific method has been developed for the recovery of the about the Same frequencies, aluminum. 

fibrillating heart in human beings. Nevertheless, in accredited vibratiflQ with the oreafor 

experimental work earned on by other investigators, it has been n " w in tne 3'®3ter amplitude. 

demonstrated that the fibrillation in a dog’s heart can be stopped 

by the injection of a potassium chloride solution into the carotid 

arteries. The injection of this solution inhibits all contraction of R 

•the heart musculature. The solution is then washed out with Dy 

Paginal saline solution and the heart resumes its normal J. A. KOONTZ, JR. « Pac Gas & E|cc Co< 

^ * MEMBER A.I.E.E San Francisco, Calif. 

Permanent disability following electric shock is * 

shown by only a very small percentage of the indi- • 

viduhls who have recovered from an electric injury. 

Extensive bums following actual contact may be slow in healing, and . CAREFUL STUDY of the vibra- 

sometimes get caught in the scar tissues thus producing. tion problem on the lines of the Pacific Gas and 
a lasting irritation. In a few instances cataracts of the eyes have Electric CYmrnativ fPolfF _ j , . . 

been found, and in others, instability of the nervous system for an Zt5!i ^ '-Ompany (Calif.) Was Undertaken after 
appreciabie time following the shock has been noted. How much trouble had developed in some of the early damper 

5£ ¥* caused-by actual damage to the nerve cells, and how much designs of the Stockbridsre type This frntihlc wac 

should be-classed as neurosis, is difficult to say. According to «>- * TT ® IXOUDie Was 

ports puWished in Germany in 1931, there seems to be the possibility yV? *° ^ atl ^ ue of the supporting messenger strand. 

that muscular atrophy may follow electrical accidents either soon Llfe t^tS made, on these early assemblies SOOU re- 

Of after several mnntlio 1 rf.lav Tt».u. .a. ___1. j . 1 .. . ~ 


Field tests made in California on a double 
circuit tower line comprising one aluminum 
and one copper circuit show that these 
different types of conductors vibrate under 
approximately the same conditions and at 
about the same frequencies, aluminum, 
vibrating with the greater amplitude. 


By 

J. A. KOONTZ, JR. 

MEMBER A.I.E.L 


n Pac. Gas & EIcc. Co., 
San Francisco, Calif. 
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CAREFUL STUDY of the vibra- 


uy vascular custurDances. TUese data are interesting "'•*“*"* *** ur uue ordinary guy Strand or 

“J “eymust be examined critically. in the literature of England. Siemens-Martin grade. This substitution changed 

charac ^ ics ° f damper slightly, but late 
that these late effects be watched for carefully in the future. ’ tests proved that the dampers still were effective. 

• . tests fvere made oh the damper assemblies 

‘Causes of Death using a vibration machine similar to that shown in 

* / Monroe-Templin paper (Fig. 7, p. 487, Elec. 

. If is recognized that the heart and the respiratory Engg., July 1932). The revised damper design 
center in the brain are particularly susceptible to usiuff the high strength steel was given a life test of 
mjury by electric currents. From the authors’ more than 100,000,000 cycles‘without failure. The 
experimental work with animals and from their failures in the supporting strand occurred not at the 
• analyses of reports of human accidents it is evident cent er clamp or point of maximum stress, but where, 
that death as an ultimate result of electric shock the cable enters the weight; a point where the strand 
may occur from several different direct causes: is subjected to a reversal of stress. 

By asphyxiation caused by the prolonged muscular contraction. . , ^ r * Monroe and Mr. Templin seem to favpr 2 * 

By ventricular fibrillation of the heart, usually believed tq.be daia P ers . P er ^ire per Span wherever possible. r I 
. inducted by low voltage shocks. ^ prefer using 4 Clampers for any line conductor of 1-in. 

By destruction of nerve cells in the respiratory center of the brain. di&ni or larger. These 4 dampers should have their 

By excessive increase in body temperature as a result of the Toule s P ac j?g so Staggered that not- more than one damper 
effect Of the shock current. . woujd be located at a node point for any of the fre- 

By severe bums or other resulting complications. quencies most often experienced. This method as a , 

Competent authorities stress the fact that in 3 hampers to be so located that they 

electrical accidents death often is onh aMare.nl: A damper has 


electrical accidents death often h onlyafiiarent . * dsun P er has 

Artificial- respiration should be begun 2f°7 V**® located at the center of a 

following an accident and continued Rteil ^ P ’ the st °ckbndge damper is most efficient 

recovers or untS S c^a“fc a^actShty * W.* *£ ***** * TOP** 

is evident by the onset of rigor mortis Accredited t ^ evlbratln S cable. Tomakeamore 

reports, list many successful Resuscitations Mtefog study of damper spacing a test span was 

ffiethodofSdri rSteJtef^ PTOne ***** 

f « . 01 Cla ~. respiration, m one case success tssu«s of Electrical Enginbbwng and previously presented atA I E E 

IOllOWmg an 8-hr. effort: samfatx convention, Cleveland, Ohio, Jtme 20-24, 1032. NU published'in 

■ . pamphlet form. * ' > - ■ > ' 
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erected and this span was vibrated mechanically at 
from 4 to 22 cycles per second. After studying the 
damper spacing on this short span the test equipment 
was transferred to the field, and spans actually in 
service on line towers were vibrated to obtain data 

* against which the laboratory * results might be 
checked. These tests all seemed to indicate that the 
use of* 4 dampers with staggered spacing was ranch 

* more satisfactory than the use of only 2 dampers. 
With modem damper? of the Stockbridge type 
properly designed and located, I believe vibration 
can be controlled so effectively that no damage will, 
be done to the conductor. 

Fig. 1. Mounting of 
recorders on a tower 
line having one alu¬ 
minum and one copper 
circuit 



Records were taken while 
the lines were in operation 
(the aluminum line at 165 kv 
and the copper line at 
220 kv) by placing the 
instruments on platforms 
20 ft beneath the lower 
conductors to which the 
recorder actuators were 
connected at points about 
6 ft from the suspension 
clam|35 by means of special 
cords. Conductors: 
A.C.S.R., 795,000 dr mil, 
1.093-in. diam; copper, 
509,400 cir mil, 4CS»hol- 
low core, 1-in. diam 


Most of the testing was done on an aluminum line 
consisting of 3 795,000-cir-mil steel Core aluminum 
cables having a conductivity equal to 500,000-cir-mil 
copper, and strung as one circuit on a double circuit 
220-kv tower line. On the opposite sides of the 
same towers there are 3 hollow core copper cables of 
1-in. diam having a section of 509,400 cir mil. The 
2 sots of cables are’'parallel, with, only 27-ft hori¬ 
zontal separation; they have the same ground 
clearance and hence have the same sag? and are 
supported in the same manner. Therefore, all 
spans are alike. This line represents almost ideal 
conditions for the checking of relative vibration on 
these 2 types of conductors. 

A study <3f the relative vibration of t&e 2„types of 
conductor was undertaken and vibration recording 
equipment to take simultaneous records was in¬ 
stalled and arranged as shown in Fig. 1. Observa¬ 
tions were- made for several weeks at a time when 
conditions were rather favorable for vibration. The 
data from the field tests are shown clearly in Fig. 2, v 
where it may be observed that the 'copper and 
aluminum cables vibrated at approximately the Same 
time. Loop lengths were observed to .be of the same 
magnitude and the conductors vibrated at approxi¬ 
mately the same frequency, but the amplitude of 
vibration of the copper conductors was less, as may 
'be noted. 

There is one other point to which attention should 
be called in connection with the vibration of trans¬ 
mission line conductors. Vibration in gfener#! occurs 
during the night hours, lat$ in the evening, or quite 
early in the morning; the wires seldom Vibrate 
during the usual working hours of the day. This, 
point has led some engineers to believe their li»es 
’free from vibration. , 


NOON 
12 I 


NIGHT 


NOON 
II 12 


15 

Wind Velocityin i 0 
Miles per Hour 5 


Degrees Wind 
Angle to Line 

Temperature in 
Deg F 


* 30 

» 0.75" 

0.50*| 

Actual Vibration o.as' 
in Inches for Span o 
of 1,070 Ft °- 25 ' 

0.50' 

0.75' 

0.50' 

Actual Vibration a25 ‘ 
in Inches for Span °, 

0.25' 
0.50' 
0.75*1 


of 740 Ft 



12 I 
NOON 


Fig. 2. Simultaneous records of wind velocity and direction, air temperature, and the vibrations arisingirom these 
conditions in parallel copper and aluminum conductors. Smoked chart records were taken through a 24-hr period 
• » beginning af*5 p.m.. May 8,1932 
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Adult Technical Educatioi 
in Metropolitan Areas 


A pjea for careful study of the advantages 
to be gained through properly coordinated 
efforts in, and 'facilities for, intermediate 
technical education and postgraduate work. 


By r 

O. W. ESHBACH 

MEMBER A.I.E.E. 


Am. Tel. & Tel. Co. 
New York, N. Y. 


P 


- ROFESSIONAL progress of our 
engineering societies has been and always will be 

.Sfi Ue ? Ced by the educati °n of their members. 
•Whether that education is recognized by professional 

* degrees or is secured through pursuit of non-academic 
technical instruction is unimportant. It is,' however, 
of interest and importance to know about the 
agencies contributing to the training of the potential 
professional engineering group, and how they may 
be made more effective in meeting the demands of 
this group. 

In recent years through the investigation made by 
the Society for the Promotion of Engineering Educa¬ 
tion, attention has been directed to the entire system 
of engineering education* During the past year the 
educational -committee of the Institute has given 
•consideration to many of the problems brought forth 
by these and other studies. Affecting all of these 
problems is ar general educational movement that* 
for some time has been gaining in importance, but 
which only recently received organized recognition 
: m the form of “adult education.” It is the purpose * 
of tins paper to point out some of the possibilities 
m tiie development of adult education as they affect 

* technical education and the providing of technical 
employees for industry. 

, Supply* of Engineering Graduates 

In recent years, the employment of college gradu¬ 
ates has been of no small concern. Figure 1 shows 
clearly what has taken place from the days of intense 
competition, 1924-29, up to the present time, when 
' “tory employment is almost impossible. 
While this situation is of concern today, it is quite 
posable that the next 5 fears will see a recurrence 
of the conditions that existed 5 years ago, for it* is 
apparent that business conditions affect freshmen 
enrolments, with graduations reflecting these con¬ 
ditions 4 years later. v 

Whatever the situation may be, it is important 
to have some idea of the long term needs for engineer- 
mg graduates as compared with the supply. An* 

indSof w * a j made h y tiLe National 

Industrial Conference Board a few years ago in a 


fA°f' t ? 5 Ka i mdustries tkat seemed to show that 
40,000 technically trained men could be absorbed by 

•industry each year. This does not mean only pro¬ 
fessional engineering graduates, but includes all 
men with technical training. The recent study of 
+ C ^?a/v\ institutes seems to sffow that from 40,000 
to 50,000 men with intermediate training can be 
absorbed in normal times by industry, trade, and 
technical services. It is further stated that the 
ratio of engineering graduates to this group is ap¬ 
proximately 1 to 3, which fact indicates that the 
present supply of engineering graduates should 
nearly meet the normal needs. e 

The normal demands for men with training per¬ 
haps equivalent to only half that of the 4-year under- 
graauate course do not seem to be met by schools 
established for that definite purpose, for the supply 
from Ibis source is only approximately 1,500 a year. 
However, there are 15,000 non-graduates of en¬ 
gineering colleges each year who drop out of school 
and go to work in industry, not all of whom, by 
any means, lack adaptability to technical pursuits, 
yso, tha-e are-thousands of high school and voca- 
tional school graduates who, after entering industry 
directly from such schools, continue study in evening 
technical schools. ^ 6 

In 1930, out of 111 engineering * colleges, 22 re¬ 
ported a total jOf 16,000 students enrolled in evening 
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courses, of Which number about half were studying 
for engineering degrees, while 1,760, or 11 per cent, 
were receiving credit toward advanced degrees. 
Among the evening school students are many of the 
group of non-college graduates who have dropped 
out of day school. Although records indicate that 
only a few of them ever pll receive ; engineering 
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degrees, a sufficient number of them are adaptable 
to technical careers and meet a substantial part of 
the requirements of industry. 

i 

Importance of Evening Educational Facilities 

9 

•%' • 

It is a characteristic of our 145 undergraduate 
engineering schools that many of them are lqcated 
» in relatively small communities, and that upon 
graduation their students migrate to the larger 
metropolitan and industrial areas. It is in these 
areas that the greatest possibilities are offered fogr 
the development of postgraduate instruction as well 
as other forms of engineering education, such as co¬ 
operative courses tmd intermediate technical in- 
strtfction. 

In the 1930 Census the United States Department 
of Co mm erce called attention to 95 metropolitan 
districts which it had established upon the basis of 
each having an aggregate population of 100,000 or 
more, and containing one or more central cities of 
* 50,000 or more inhabitants. (Fig. 2.) In these dis¬ 

tricts is approximately 44 per cent of the total popu¬ 
lation of tie United States. It is safe to say that 
jtnore than 3 / 4 of all engineering graduates are located 
in these areas. The question naturally arises as to 
the educational facilities, activities, and future ^ 
needs of these areas. In the development of plans * 
it would seem fairly fundamental to make a scrutiniz¬ 
ing study of each district, bearing in mind the 
achievement of the fundamental objective of pro¬ 
viding variety in training along with opportunity for 
professional development. 

The successful development of facilities appro¬ 
priate to each area, although depending largely ^P 011 
the education^ leaders of established institutions, 
will likewise need the support and cooperation of 
industries; at least to the extent of their making 
known the nature of their employment and training * 
requirements, and stimulating their'•employees to 
take advantage of such educational courses as may 
exist. It would seem that the establishment of a 
well balanced program should include: 

1 . A study of the nature of the industries and occupations in the 
. area considered. 

2. Promotion of an effective system of vocational tfaining in addi¬ 
tion to academic high school education. 

3. Establishment, where justified, of appropriate facilities for inter¬ 

mediate technical instruction of both the technical high school 
and the institute type. • ' ,• ■ 

4. Development of existing professional engineering schools. 

The importance of a well balanced program is 
recognized, of course, but in only a few instances 
, has any particular attention been given to the 
technological aspects of it. 

♦ ’ 

New York Studies 

*$»• • 

In New York 2 significant studies are in progress: 
one conducted by the Board of Education has to do * 
with vocational education; the other is entirely 
independent, and is concerned primarily with even¬ 
ing technical education. The latter study is beiftg 
conducted By the committee on commercial educa¬ 
tion of. tiie? Chamber of Commerce of the State of 


New York. A full report of this survey will be 

published in the fall of this year and should prove 

of interest to educators and industrialists. The 

main objective of the report is» to ascertain .the 

facts concerning the present facilities for adult tech- ’ 

nical education in the New York industrial area, and * 

the purposes, results, and needs for* education in. 

this field. ’ » 

* 

New York Educational Facilities * 

The 1930 census established the New York in¬ 
dustrial area as including a population of 10,901,424, 
or slightly less than 9 per cent of the total population 



Fig. 2. The 95 "metropolitan” districts listed, by the 
U.S. Department of Commerce based upoi^ the 
1930 census 


of the country. For the purposes of the Chamber of 
Commerce survey, the area considered, js approxi¬ 
mately the same as this district and includes 6 

counties in New York and 6 counties in northeastern 

• 

New Jersey. * 

In this area the schools and colleges-giving some 
form of education associated with' or preliminary to 
technical instruction include 12 engineering colleges * 
and technical institutes of which 9 offer evening 
instruction, 4 evening schools of the Y.M.C.A. 
offering technical instruction, 25 public evening trade, 
and vocational schools, and 32 private evening 
trade and vocational schools. The 9 engineering 
Sphools or institutes offering evening instruction are 
the agencies for primary consideration. 

Enrolment in Evening Technical Courses * • 

* In the 9 colleges and technical institutes offering 
evening courses approximately 10,000 students are 
enrolled; another 25,000 are enrolled in either # 
trade or vocational schools. The distribution of 
enrolments by courses is shown in Table I, and may 
be taken as an indication of the relative demand. * 

Of special interest is the group of students enrolled 
in the 9 colleges and technical institutes. The ^ 
13,660 course enrolments studied covered only 8*000 ‘ 

of the 10,000 students enrolled, but were so taken 
as to be representative of the group. An effort 
whs made in the survey to study the type of students 
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enroUed, and their industrial employment. About schools, The Polytechnic Institute of Brooklyn, offers 
/ 3 of the students were found to be between 19 and degree-granting postgraduate courses. The develop- 
26 years of age, although it is significant also that ment of this work by the Polytechnic Institute is of 
r were me * occupying substantial positions in considerable importance, for many college graduates 

, in ^ ust 5 y * , , ' • yearly find employment in the New York area and 

A study of, the educational preparation of these look for opportunity for further study there. Prior 
•students indicates that about 80 per cent had a high to 1925 only a few miscellaneous courses of the 
school education or better, about 33 per cent had g«ne graduate level were offered at Brooklyn Polytechnic 
to college, whereas less than 10 per cent were college* Institute. “ 

graduates. This latter figure, while small in com- The development of evening graduate study 
panson with the entire group, represents from 800 to doubtless -will be followed with considerable interest 
1,000 college graduates, and is evidence of con- $or it suggests an effective means for the engineer to 
siderable interest m further education. continue his education after graduation, and offers 

. also a solution to the economic problem of financing 

Graduate Study graduate study after a considerable investment al- 

tt_ . +ti , « . , . ready has been made for'undergraduate work. " 

Up to the present school year the only evening 

colleges offering recognized degree-granting courses Nature of New York Industries 
in engineering were New York University, The 

Polytechnic Institute of Brooklyn, and the College In a metropolis such as New York the question 
of the City .of New York. These courses require of the adequacy of local technical education is ad- 
~ fr Qln j5 to* 10 years for completion. Only one of these vanced periodically, either by civic associations, 


Table I Summary of Enrolments in Technical Courses of 
Evening Schools in New York Industrial Area 


New Jersey 
Public 
Schools 


New York 
Public 
Schools 


Subjects 
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Architecture 

Arch. Engg,. XI.. 

Cldg. Eqmt. & Constr..... 221 .. 

Design. 218.. 

Drawing & Drafting. 1,760.. 

Hist, of Arch.• 69.., 

• Plan Reading & Est. 363.. 


13.. 30.. 404. 36.. 400.. 

7. 57. 24..*" "249.".”.' 


. 11 

. 221 

. 218 

55.. 2,697 

. 69 

. 700 


Tot al. 2,642.. 20.. 30. 


461. 59.. 649.. 55., 3,916 


Engineering 

* Aeronaut. J&gg. . 6....... 

Chem. Engg.. 300. 

Civil Engg.. . . 1,263.!!.!!! 

Drawing & Drafting. 219. ‘ 

Elec. Engg. 1,600,.!!!!!! 

Heat. & Vent. Engg. 20.. 

Indust. Engg... 80....."!. 

Mech. Engg,. 1,565.!!!!!!. 

Prep. & Elem. g‘ 



Mathematics 

• 


.... 5,061 

Elementary Math.. 

Advanced Math..... 

* * 

1778.. 75.. 2.. 228. 57.. 

1,275... 

413. 

.... 2,563 
.... 1,275 

Total. 

3,053.. 75.. 2.. 228 . 57.. 

413. 

• •• ■ 3,828 

Physical Sciences 




Chemistry. . 

Geology.f. 

765.. 19......... 133... 

17 

47. 

... 964 

Metallurgy. 

Mineralogy... 

Physics.. 

34............. 

3.. 

1,203.. 16........;.. 

74.. 

17 

34 

• ••. 3 • 

... 1,293 

Total___... 

2,022.. 35...*.... 133..... 

121..,. 

.... 2,311 

Trades & Vac. -————— 


educational bodies, newspapers, or other interested 
groups. A suitable approach to the answer to 
questions relating to demand, utilization, and en¬ 
couragement of technical graduates would seem to" 
> he a systematic investigation of the industries in 
* each of the large metropolitan areas, with the ob¬ 
jective of establishing or developing such educational 
agencies as seem necessary to meet industrial re¬ 
quirements. 

In most industrial concerns the most important 
requirement is to impart to the individual sufficient 
technological information about the process he 
b handles to enable him to conduct his work *intelli- 
’ gently. Because such training usually takes the 
form of single process instruction to "the individual, 
it is not concerned with education of college or pro¬ 
fessional grade. It is a serious question, however, 
as to how much technological instruction can and 
should be given technical workers and minor super¬ 
visors. Since technical instruction is an instrument 
of industry and its place and usefulness is confined 
almost entirely to industry, there would seem to be a 
field in technical education which should aim to 
supply such scientific courses as would aid the in- ' 
dividual to a better understanding of technical 
processes. What these subjects are must evolve 
largely from a study of industry. 

New Yofk i» commonly looked upon as an area of 
large industrial establishments. * However, the fact 
is that aside from about 3 dozen large manufacturing 



size 


Trade & Voc. Subj.. 
Grand Total.. 


employing on an average 292 employees, each of the 
remaining 34,000 companies employ less thq, n too 
individuals, and average only 16 per establishment. 
The large manufacturing companies employ only 
6V2 per cent of the total; and the small companies 
50 per cent. These facts would seem to indicate 
considerable difficulty in training substantial num¬ 
bers within industry, and almost a necessity for some 
ofttside agency to provide technological training 
prior to the individual’s emjfloyment or 


too 


.. 1,275. . 531 . .2,016..4,428 .777.. 9;635.. 1,463. .20,125 

....... 14,045.. 661. .2,056.5 250 893 wTsift TTTl TT577 w uic luuiviuuiU s empiOVmeE 

— ■. ,o s 6,.6,2go.893..10,818 .,38,^41 through evening education for those employed 
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*In connection with New York evening school en¬ 
rolments it is of interest to observe that fully 3 
times as many students are enrolled from the ser¬ 
vice industry group as from the manufacturing in¬ 
dustry, although the latter employees number al¬ 
most 50 per cent more than service industry em¬ 
ployees. 

Thfe service industries include public utilities, 
city employees, architects and consulting engineers, 
building industries, cleaning establishments, and 
garages. The public utilities are large*, w’ell estab¬ 
lished companies with training requirements for the* 
most part cared for internally. Their employees, 
however, in comparison with those of the manufac¬ 
turing group, seem to show more interest in profes¬ 
sional technical courses, as ’do also the employees of 
the city and professional engineering establishments. 
This manufacturing group looks more to the pro¬ 
fessional schools of engineering for recruiting its 
future technical personnel. 

Demand and Need for Technical Education 

* i 

From preliminary observation it would seem that 
there is need for variety in technical education; 
and that the development of adult or evening in¬ 
struction in metropolitan areas offers a .partial 
solution in meeting the need not only for the inter¬ 
mediate type of training, but also for the graduate 
instruction of the engineer. This is a subject of 
interest to all of us. However, the demand as 
manifested by the interest of employees in industry 
is* not so evident. This may be due to any or all of 
the following causes: 

4 

1. Facilities are not always conveniently available. 

* 

2. The proper incentive has not always been given through definite 
educational and training policies on the part of management. 

3. Unit courses are not developed sufficiently for maximum benefit 

to the employee. „ 

4. Anything less than the conventional 4-year college course seems 
not quite reputable nor acceptable to those to be trained, perhaps 
because of the feeling that such training might limit their life achieve¬ 
ment to specific fields and.levels less remunerative and esteemed 
than those attained through the 4-year college course. 

. From an industrial point of view, there is little 
or no justification for the latter conclusion, for in 
, the industrial and service group in the New York 
' area alone, there will be in the next 10 years at 
least 150,000 positions of suitable responsibility 
available. How many of these should be occupied 
by technical graduates is not known, but it is safe 
to say that the majority of them will be filled by 
men of less than college graduate training, whose 
• chances would be greatly improved if they were in 
training today. 

This article is presented for the purpose of calling 
to attention a possibility which if followed to & 
logical conclusion, holds promise not* only of im¬ 
proving the professional status of the engineer, but 
also of causing a more sane adjustment of technical 
workers to acceptable vocations. In its fundamen¬ 
tals it means a study of the world's work and the 
acceptance ,of the philosophy of the concurrent 
pursuit of educational improvement and gainful 
occupation.* ’ * 
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Double Conductors 
For Transmission Lines 


Two overhead conductors a Tew inches 
apart used For each phase of a transmission 
line circuit reduce the reactance 20 per 
cent or more, thus, in many cases, increasfng 
the power rating of the line. Also current 
carrying capacity and corona voltage limits 
are increased. However, costs with this 
type of construction are higher than with 
one larger conductor per phase. In addi¬ 
tion to describing the advantages and dis¬ 
advantages of double conductor lines,, 
formulas are given in this article for the 
calculation of the electrical characteristics. 
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OUBLE conductors transmission, 
lines, that is, lines employing 2 overhead conductors 

* for each phase instead of the usual one for each phase,; 

present a number of advantages. These advantages 
must be balanced against the extra cost due to me¬ 
chanical features, including hangers, increased cost of . 
stringing and additional wind and kfe load. The 
construction is the same as in the usual transmission 
line except that a second conductor is run a few^ 
inches below the first by metallic hangers, similar^to* 
those used in electric railway catenaries. The 2 
conductors therefore are electrically in parallel and 
f<3rm one effective conductor of large cross-section 
without increasing the number of insulators or cross- 
arms. • 

Reactance 

An overhead double conductor line has approxi¬ 
mately 20 per cent less reactance than a single con¬ 
ductor line of the same weight of conducting metal. 
In many usual cases, especially where there is not 
, complete control of the voltage by synchronous 

* condensers, the reactance is the most important item 
in determining the powe? rating of the line, for both 
the voltage drop and the stability limit of the load 

Based upon "Double Conductors for Transmission Lines” (32-99) presented 
at the A.I.E.E. North Eastern District meeting, Providence, R. I., May 4-7, 

1932.' ' ' i' 
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f 

depend principally on 'the reactance. Therefore, in 
many instances,, without increasing the weight of 
conductor metal, a line can be built for about one- 
. fifth greater power rating at very little increase in 
cost where ice load is absent, by using double con- 
* ductor construction. This is particularly advantage¬ 
ous where the cost of the right-of-way is large, and 
is is desirable to transmit as much power per circuit 
as possible. 
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* Fig. 1. Comparison of reactance of single and 
—. double lines for different conductor sizes 

r 

In Fig. 1 is shown graphically the reduction in 
reactance, amounting to approximately 20 per cent 
bn practical lines, obtained by using double conductor 
construction. The formula for the reactance of a 
double conductor'line, suitable for usual overhead 
spacings and for round wire, is 

Reactance = tt/IO' 6 ( 80.5 + 741 logi„ — ^ 

, A * mp) 

ohms per mile (1) 

where 


= frequency 

= geometric mean radius of the spacings between the phases 
= separation of the 2 wires per phase 
= radius of the conductors 


f 

s 
m 
' p 

If the conductor is a 7-strand cable of diam 2p, the figure 80.5 is 
changed to 103.3 and if there are Is strands, the figure becomes 89.3 
(See reference 9, p. 127, for other numbers of strands.) • ’ 

Fig. 1 is drawn for copper conductors. It may be 
iioted that hollow conductors and al uminum con¬ 
ductors of equivalent resistance have from 5 to 7 
per cent 'less reactance than the Values shown for 
single conductors in Fig. 1. The 2 small conductors 
of the double conductor line may be of al uminum if 


: The ^fect of changing the distance between the 2 
wires of the same phase, in a double conductor line, 
i|shown in Fig. .2, It is seen that for spacings larger 
than 6 in. there is little further improvement. Ac¬ 


cordingly the discussions in this paper for the most 
part are based on a value of 6 in. Curves for other 
conductor sizes and for other spacings between 
phases are very much the same as the curves of Fig. 2. 

r 

Resistance 

Another limit to the power rating of a tr ansnfi ssion 
line is the cost of resistance losses. The ^greatest 
advantage of double conductor construction in this 
connection is in the case of a line already built, which 
has higher resistance than desired and which has 
some mechanical margin‘of safety. It is possible to 
add a second conductor and cut the resistance ip half 
without the necessity of taking down or scrapping the 
old conductor. In other’words it is possible to make 
the reduction in resistance with only one-half as much 
new conductor metal as would be needed if single 
large-size conductors were installed. It is, of course, 
necessary that the line be strong enough to stand the 
extra weight including wind and ice bn the second 
conductor. The proposition to add t<^ the conductor 
metal of existing lines may be attractive at a time 
when the cost of conductors per pound is low. 

For new transmission lines the difference in resist 
tance between single and double conductor lines of a 
given \yeight of conductor metal is due to skin effect. 
The amount of the difference is shown in Fig. 3. It 
is seen to be a matter of minor importance with over- 
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Fjg. 3. Increase in resistance due to skin effect at 

60 cycles 


Jiead conductors of usual sizes. For obtaining values 
of skin effect of hollow conductors, see reference 1. 

Heating op Conductors 

.In the preceding 2 paragraphs the cost of resistance 
losses was considered as a limitation to |be allowable 
po^er load of a line. With some short lines, and 
notably ydth many tierlfijes,* voltage drop and f che 
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cflst of resistance losses are not serious limitations to 
the allowable load, and heating of the overhead con¬ 
ductors is the practical limit encountered. In many 
cases, twice'Hhe normal load must be carried by one 
circuit as an emergency condition. Annealing of the 
hard-drawn copper and oxidation of joints in con¬ 
nectors are reasons for keeping the conductor tem¬ 
perature down. 

Tie liq.es have been built with very heavy overhead 
conductors for the purpose of avoiding overheating of 
the conductors. A 132-kv, 30-mile tie line from 
Chicago, Ill., to Waukegan has been built with 
750,000-cir-mil hollow copper conductors. It is 
stated in reference 6 that the main condition in 
designing the line was the heavy current to be carried. 

The curves of Fig. 4 haVe been drawn from the 
table of current ratings published in reference 3, p. 
466, for bare conductors, outdoor service, and 40 deg C 
It is seen that double conductor construction 


of the country where the loads and generating sta¬ 
tions are scattered to* some extent throughout the 
network. In such networks it is a matter of experi¬ 
ence that synchronous condensers* are used almost 
entirely with strong field currents, arid very few with 
lagging power factor load and weak field currents. 
Consequently, an increase in line capacitance of 2D, 
» ’ * 




8X10 


7XI0* 6 


exio -6 


5X10"® 


rise. 


4X10"® 


1300, 




V) 


; 500 


■400 





* 













% 

. 


























L_ 











P\ 




, 









& 

r 



teS 


• 








A 

n 

rOt 











-y* 

7] 


“pERcent in 

:rd 

SE 1! 

4 Ak 

PER/ 

W5E- 












* 














• 


































_J 




• 






















1 

1 





in 
-l 

5 

a 

X 

CO 

X 

^xio - ® 


ax io"® 


IXI0"« 








n 

jca 

Tn 

W3Z 







_ 

ty/c 

jDUV 

o 




















% 



H 






40U 

rroi 

JPE 

P PF 

ASE 



. 






ONI 

: co 




































































So 

:nt 





* 

- 








INCH 

EAS 

; »n 

CAf 

Acn 

ANC 

E 

* 









* 





















• 









m=6 in. 

5=10 FT, EFFECT 
f=60 CYCLES 



* 









riVE* 



* 








_ 

_ 


_ 

_ 




30 

“S 

o 


30 


201 - 
Z 
u 
u 

, n 5 

10 a. 


V' -— -— f — * -1 . 

CIR MILS PER PHASE 

Fig. 4. Current carrying capacity of bare conductors 
for outdoor service with 40 deg C temperature rise 

increases the current carrying capacity nearly 30 per 
cent for a given weight of conductor metal. This is 
because the 2 small conductors have more surface 
than the single large conductor. If current ratings 
from the table for indoor service were used, the per¬ 
centage difference between single and double con¬ 
ductor construction would be nearly *the same. 
Hollow* copper conductors, because of their large 
diameter, show an increased current carrying capac¬ 
ity over corresponding standard cables, though the 
increase is usually a small percentage. Aluminum 
conductors also have larger diameter and therefore 
greater current carrying capacity than standard 
copper cables of the same resistance. 

Capacitance 

As is shown by Fig. 5, the capacitance of an over¬ 
head double conductor line is 20 per cent or more 
greater than that of a single conductor line of tne 
same weigh.1: of conductor metal. This is an advan¬ 
tage in 4he case of power networks in well-settled p&rts 
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Fig. 5. Comparison of capacitive susceptanqe of 
single and double conductor lines 


per cent means a saving of a definite amount of 
synchronous condenser capacity whicH Would other¬ 
wise need to be installed. 

In other cases, where transmission lines are very 
long and the loads are widely separated from the 
generators, special attention is required to handle the 
litif* capacitance current. A sufficient number of 
generators must be kept always connected to the 
system, so that the no load current is not an overload 
for them and so that the field current at rated voltage 
and leading power factor load does not become so* 
small as to endanger the stability of the system. 
While these matters require attention, yet they sel¬ 
dom involve expense, particularly in the case of 
water power systems where they are most likely to be 
noticeable, for there are practically always plenty of 
generators available. Accordingly even in such cases 
an increase in line capacitance by using double con¬ 
ductor construction is not an economic disadvantage. 

The formula for capacitive susceptance of a dduble 
conductor line of usual capacity is 

b = M 38 - 8 X -l ° — mhos per mile * (2) 

l°gi° ^r. 

■ mp - 
Corona '•••• *•; • 

• • ‘ p ■- 

' .Values of cdrbna voltage, that is, the voltage at 
corona starts, are shown iff Fig. 6 for 1 and 2 
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conductors per phase, where m, the separation of the 
2 conductors of the same phase, is 6 in. Very little 
increase in corona voltage is obtained by using 2 stna.11 
r conductors of the same type as the single large one. 

This is in general true at separations other than 6 in. 
* More increase in corona, voltage is obtained by using 
*3'or more conductors per phase. The use of a hollow 
or cored conductor gives a considerable increase in 
corona voltage. * 

Measurements of the corona voltage with 2 and 3 
transmission line conductors per phase are given in 
reference 8, p. 82, and also in the first edition of the 
same bobk, published in 1915, p. 71 and 72. 

If a double conductor line and a single conductor 
line hav« the same calculated Corona voltage, the 
operating voltage of the double conductor line should 
be kept lower than that of the other, because when 
corona does start, as in stormy weather, the double 
conductor line has twice as many conductors on 
which loss takes place. 

The formula for corona voltage of a double con- 
~ ductor lipe of usual spacing, assuming an average 
irregularity factor m 0 of 0.85, is 

e° ~ 105 p logio — (3) 

A number of features relating to the use of 2 and 3 
conductors per phase are discussed in reference 7. In 
this work a rather large spacing between the paral- 

„ leled conductors, namely 18 in., was assumed. 

• • 

Mecha*tccal.Features Afor> Costs 

* A transmission line with 2 conductors per phase 
could be constructed using a type of hanger already . 
developed and* tried out for electric railway cate¬ 



naries. It would be more expensive than a single 
conductor line of equal mechanical strength. The 
duty on the towers, and their height, would be greater 
due to approximately twice as much wind and ice 
load. More clearance would be required and shorter 
spans might be needed. More margin of safety 
would be required in the tensile strength of the con¬ 
ductors, for although each might be pulled up to tfie 


proper tension, it would not be certain that ode 
conductor would not take more than its share of the 
tensile load at some later time. The cost of stringing 
the conductors would be greater. Since'the increase 
in ice load is perhaps the greatest disadvantage, the 
use of double conductors is of most interest for 
southern districts, where ice load is not encountered. 

The additional cost due to the mechanical features 
of the double conductor construction is to be balanced 
against the value of the advantages to be obtained. 
If circumstances are such that the voltage drop in the 
line must not be more than a certain percentage, then 
20 per cent reduction in* reactance permits a corre¬ 
sponding increase in the allowable power load. In 
such a case the additional cost is *to be compared*with 
20 or 25 per cent of the entire cost of the tr ansmissi on 
line. This assumes that methods of controlling the 
voltage, as by synchronous condensers, are not con¬ 
sidered applicable, and that the only way in which 
the power can be increased is by decreasing the 
reactance or providing additional circuits. 

An increase in current carrying capacity or in 
corona voltage might be an additional advantage, but 
such an increase would probably hot by itself justify 
the special construction, for ratings now in use. The 
current carrying capacity or corona voltage of a 
, single conductor line could usually be increased 30 
per cent without increasing the cost of the entire 
transmission line more than a few per cent, by using 
a heavier conductor or one of about 30 per cent iarger 
diameter. The cost of the conductors is only a frac¬ 
tion of the cost of the entire line. Such a conductor, 
however, will not give 20 per cent less reactance. 
The large reduction in reactance is therefore the most 
important feature of the double conductor construc¬ 
tion. 

In conclusion, the advantages shown are as follows: 
Approximately 60 per cent less reactance; the oppor¬ 
tunity in some cases to add to the conductivity and 
power rating without scrapping the old conductors; 
Idle almost entire elimination of skin,effect; and the 
increase in current carrying capacity of nearly 30 per 
cent. The disadvantages are the greater clearance 
and mechanical strength required, particularly where 
ice load is important, the cost of hangers, and the . 
increased cost of installation. 

References 

1. A Set of C&rves^or Skin Effect in Isolated Tubular Conductors 

A. W. Ewan, G. E. Rev., April 1930, p. 249-51. , 

2. Heating and Current Carrying Capacity of Bare Conductors for 
Outdoor Service, O. R. Schurig and C. W. Frick, G. E. Rev., Mar. 1930, 
p. 141-57. . 

3. Current Carrying Capacity of Barb Cylindrical Conductors for 
Indoor and Outdoor Service, C. W. Frick, G. E. Rev., Aug. 1931, p. 464-71. 

4. Current Capacity of Wires and Cables, G. E. Luke, Elec. JL. Aoril 

1923, p. 127-30. • 

5. Anaconda Hollow Conductors, Bulletin C 6 of Anaconda Wire and Cable 
Sompany. 

6. Application of Anaconda Hollow Conductors, C. S. Anderson, pre¬ 
sented at St. Louis, Mo., Feb. 1931, Engineering National Section, N.E.L.A. 

7. Output and Regulation in Long Distance Lines, P. H. Thomas. 
A.I.E.E. Trans., v, 28, 1909, p. 615-40. 

8. “Dielbctric Phenomena in High VpLTAOB Engineering,” F, W, Peek 
Jr« ed. of 1929... 

9. “Transmission Line Formulas,’’ H. B. Dwight, ed. of 1025. 

10. JThree Phase Multiple Conductor Circuits, Edith Cl&ke, A.I EE 

Trans., v. 51, Sept. 1932. • ? . * e 





Electrical Engineering 




1 


The Significance of 

Noise Measurements 

% 

• 

Dirt has been defined as being matter out 
of place; likewise noise may be regarded 
as misplaced sound. Sounds that are at¬ 
tractive musical notes' under one circum¬ 
stance may be distressingly annoying under 
* other conditions. Present knowledge of 
noise and its effective control is summarized 
here. 



KENNETH H. PRATT 


General Elec. Co. ( 
West Lynn, Mass. 


s 

^#OUND is a general name for any¬ 
thing that is heard including music, speech, and 
various kinds of noise. The word “noise” implies 
annoyance, and includes: such separate disturbances 
as hammer blows, footsteps, or the slam of a door, 
many sustained tones which would be considered 
tinder some circumstances to be musical, the complex 
sounds emitted by almost all kinds of machinery, and 
music and speech when considered as a disturbance 
of the hearing sensation (that is, when the reception 
of that particular music or speech ia not desired by 
the listener). 

“Noise” also refers particularly to the complex 
disturbance caused by a group of people talking 
independently, as an audience does before a meeting 
is called to order, or any other complex jumble of 
disturbances perceived by the sense of hearing. In 
factory or office buildings there is a surprising amount 
\ of this complex disturbance which is the combined 
effect of people talking and moving about, various 
* pieces of machinery operating in different parts of 
the building, the operation of typewriters and venti¬ 
lating fans, water running in pipes, ajid so on. In a 
busy street there is much noise of this sort, the effect 
of jnany different causes. 


alternation is the frequency or pitch of the sound. 

To be strictly accurate, the manner in which the 
pressure changes at any point as a function of time 
must be what is known as sinusoidal variation if the 
tone is to be a pure tone. ’ * 

If the variation of pressure with respect to time is *» 
not sinusoidal and yet is regular to the extent that the. 
complete mode of' variation is »continuously and 
exactly repeated (many times per second) the sound 
is what is called a “musical tone.” The effect is the 
same as if several pure tones (each having a frequency 
which is a multiple of the fundamental frequency) 
were produced and heard simultaneously.’ When 
such an equivalent set of pure tones is identified, the 
“musical tone” is spoken of as having been-analyzed 
into its components—the “fundamental” and the 
“harmonics.” The difference recognized when the 
same “note” is played on different musical instru¬ 
ments arises from the different wave shapes or modes 
of vibration of the air when set in motion with the 
same fundamental frequency by the different instru¬ 
ments. This usually is expressed by saying that • 
different instruments have different timber or quality 
or that they give rise to tones, in which the different 
harmonics (or overtones) differ in strength. 9 

The noise emitted by some machinery may be 
practically a “musical tone” as that term has* just 
been defined. Many machines, however, emit noises 
which are the equivalent of several simultaneous 
“musical tones.” The fundamental frequencies of 
these several components may bear no simple rela- * 
tion to one another, and the result is what would be 
called discord in music; but this aspect*of the matter 
perhaps is overshadowed in the mind of the listener 
by the effect of the persistence or repetition oL>the 
’ particular combination of sounds,. *a disagreeable 
effect never attempted in music. 

Music and speech, when regarded as noise, differ 
* from the noises usually made by machinery in that 
they change rather rapidly their characteristics of 
frequency and amplitude. That is, during the brief 
time that any particular note (in music) is being. 
held, or for the duration of a particular sound such 
as a vowel sound (in speech), the sound may be 
analyzed into component “pure tones”; but very 
soon, as the music goes on to the next note or the" 
speech goes on to the next speech element the set of 
component pure tones is changed. During the 
transition from one note to another or from one 
speech element to another the motion of the air 
particles may not at all correspond to periodic, 
motion. 


If many people are talking at once the number of 
Simplest Sound a Pure Tone ’ frequency components in the resulting noise becomes 

so great that, so far as the analytical apparatus of 
The simplest sound is what is known as a “pure the ear (or of most physical measuring apparatus) is 
tone.” A pure tone has both intensity (amplitude) concerned, components of all frequencies over a wide 
arid frequency (pitch), and consists^ of a regular ra nge are present. Of course the detailed conditiops 
motion of the particles of air which he between the change rapidly, but if the n umb er of voices involved 
source and the listener. By virtue of this motion* is large there is established a sort of dynamic equi- 
the pressure of the air at any particular point be- librium which is registered by the ear as a fairly 
comes (many times per second) alternately greater constant noise. Conditions similar to this may arise 
and less than the average. The frequency of this f r0 m other causes. The noise of “air rush” from a 


Essentially fAll text of a paper presented before , the A.I.B.E. Lynn, tylass. 
Section, March 23, 1932. Not publishes in pamphlet form. 


fan or near any rapidly moving piece of machinery, 
apparently because of the rapidly shifting arrange- 
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Fig. 1. Range of auditory sensation for the average 

human ear 

i 

fnent of air eddies, seems to have this characteristic 
► of indefinite frequency. Such a noise of course may 
include or be accompanied by component tones of 
perfectly definite and sustained frequency. 

Range of Human Perception 

• 

The “auditory sensation area” of the average 
human ear is shown in Fig. 1 where the abscissae 
represent frequencies plotted on a logarithmic scale. 
It may b£ netted that tones having frequencies any¬ 
where in the range from.20 to about 20,000 cycles 
per seedhd may be perceived by the ear. The limits 
differ widely for different individuals and there is a 
tendency for the upper limit to be reduced with 
increasing age ©f the observer. 

Frequen«fes*are plotted on a logarithmic scale for 
two reasons: (1) it accommodates conveniently the 
extensive range of frequencies involved, and (2) on 
such a scale the musical intervals such as octaves, 
fifths, and §o on v which appear to have a rather 
• fundamental importance in human comprehension 
of sounds are represented as equal intervals regardless 
of frequency. That is, the interval from 100 to 200 
cycles per second is an “octave” as is also the interval 
'from 2,000 to 4,000. The note represented in 
musical notation as ‘'middle C” has a fundamental 
frequency just a little above 250 cycles per second. 

The ordinates of Fig. 1 are values of the physical 
amplitudes of the tones at the ear of the listener. 

' These may be indicated in several different unit s and 
may be. expressed in terms of the pressure variation 
of the air or hi terms of the^ower transmitted. The 
striking fact is the extreme range of amplitudes which 
may^be perceived as sound, a range in the order of a 
t^tfJ’P 00 ’ 000 / 1 u* te nns of pressure variation or 
^ m ^ enns of power. For a diagram such as 
this to coyer such an extensive range it is practically 
imperative to plot the values logarithmically, as has 
been done here. It is convenient in the practical • 
^ ork of measuring noises to refer to their amplitudes 
^ a t bgarithmic scale, such as the “decibel” scale. 
The bd or the- decibel” is fundamentally a unit 
o. ^qw^: ratio, and when used to state the amplitude 
qt a upise the reference valjie of power (or the cotrfc- 
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Fig. 2. Area of average human auditory sensation 
showing “equal loudness” contours 

f. 

sponding pressure variation) must be expressed or 
implied. t 

As a unit of noise measurement the decibel (db) 
has the practical advantage of being roughly the" 
m minimum change, of amplitude which ordinarily ran 
be detected, considering the whole range of audition. 
It is not by any means a perfect fit in this respect, but 
it is much better than any non-logarithmic unit 
would be. 


Comparison of Loudness 


Figure 2 shows what are called “equal loudness 

• contours” for pure tones. If a listener be asked to 
observe the difference in 2 different pure tones 
sounded one after the other he probably will be more 

•conscious of a difference in frequency (pitch) than 
of a difference in loudness. This is because of our 
training, and the habit of associating noises with 
then sources. Noise is observed from a given source 
under widely varying conditions of loudness depend¬ 
ing upon the distance from the source and upon the 
amount of absorbing material such as room walls 
between the listener and the source. The frequency 
of a note from, a given source is subject to much less 
variation. It is the frequency of the noise, then, 
that is the more important clue to the interpretation 
of noises Heard. (Usually complex sounds rather 
than simple tones are heard and the habitual Associa¬ 
tion of sound with source depends upon several fre¬ 
quency components being heard simultaneously.) 
However, it is possible to decide which of 2 tones 
sounds the louder, provided there is sufficient differ¬ 
ence between them, even though the 2 tones be of 
differenf frequencies. 

• * From another point of view, given the proper 
physical equipment for producing sounds of varying 

• amplitude, it is possible to make a sound which seems 
as loud as a 1,000-cycle tone of standard loudness. 
The “equal loudness contours” in Fig. 2 connect 
pdints representing tones which, from the average 
results of many such experiments, seemf to impress 
the- average observer as .being of equal loudness. 
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Hence the position of a plotted point relative to these 
loudness contours is an indication of what may be 
called the “physiological loudness” of the corre¬ 
sponding tone. A numerical value may be given to 
the physiological loudness of a tqne of any frequency 

* by stating the physical amplitude of an equally loud 
tone of some standard frequency, say 1,000 cycles 
per second. 

9 A musical tone, machinery noise, or other complex 
noise can be assigned a value for loudness in essen- 

* tially this same manner by comparison with a pure 
tone of standard frequency adjusted to equivalent 
loudness and measured for 'physical intensity. This 
leads to the definition of the “loudness units” of any 
noise as the “decibels above 0.001 dyne per sq cm 
(rms oscillatory pressure)” of a 1,000-cycle pure tone 
which appears equally loud when the 2 sounds are 
compared. It would be very difficult to determine 
the loudness of an ordinary noise if a direct compari¬ 
son really were required. The “noise meter” in 

, effect makes this comparison, but what it actually 
measures is thq amplitude of all the noise components, 
integrating their effect after weighting them accord¬ 
ing to their frequencies and the experimental data 
on equivalent loudness, considering the components 
as pure tones. 

From a practical standpoint it is more important 
to know how annoying a noise from a certain source 
will be rather than to know how loud it is. This 
question goes beyond both the physical considera¬ 
tions of noise and the physiological question of 
loudness; it is a complex psychological question. 
Apparently the annoyance of a noise depends upon 
the loudness of its components and in a complex way 
upon their frequencies. Annoyance also depends 
upon circumstances, such as whether the noise seems 
the normal accompaniment of the work in hand or is 

- distracting. A carpenter probably ^ets some sort 
of satisfaction out of a good clear “bang” each time 
he hits at a nail with a hammer whereas a disinter¬ 
ested neighbor may be severely annoyed by the same 
sound. 

Reduction of the amplitude of the loudest noise 
components in a complex noise may be presumed to 
* reduce the annoyance caused by that noise. The 


relative annoyance of two Complex noises having 
different frequency components, such as the,noises 
coming from motors of different design, involves 
questions of ‘ ‘masking’ ’ of one component by another, m 
questions of discord between the several components, 
and questions concerning the relative annoyance of * 
the different components considered as pure tones.* 
Jn&dental observations made in the course of various 
noise investigations indicate that pure tones annoy 
different observers in a very different manner, con¬ 
sidering annoyance as a function of frequency. 
However, that is a complex matter of psychological 
research which so far has not been investigated 
comprehensively. 

Sources of Noise 

In considering briefly its production and distribu¬ 
tion, sound, in the physical sense, may be considered 
as one form of power, quantitatively microscopic,^ 
transmitted through the air and other media? 
Usually the immediate source of the energy tyans- * 
mitted to the air is the mechanical vibration of some 
surface, such as the sounding board of a musical 
instrument or the vibrating surfaces connected, with 
a piece of machinery. The discovery of the “cause” 
of a noise usually implies some further explanation of 
the connection between the vibrating surface and 
some more fundamental source or energy; A satis¬ 
factory explanation of a noise requires a,knowledge of 
the fundamental energy source, the mechanism of •" 
transformation into vibration, and the mepns by 
which the vibration' is transmitted fo a definite 
“sounding board.” 

Noise Measurements V 

Included in the term “noise measurements” are 
several different measurements including the deter-! 
mination of: the physiological value, for “total 
noise,” in “loudness units”; the frequencies of the 
principal components of the noise; and the physical • 
amplitude or the equivalent loudness of the several 
noise components. Also, the closely related measure- 
ments of frequency and amplitude of mechanical # 
vibrations involved in noise production may .be 



Fig. 3. Analysis of room noise in a laboratory office 


The weighting to compensate for the differing response of the , 
ear to different frequencies makes the “total noise as measured 
in loudness units less In this case than the maximum noise as. 

„ expressed.in decibels. Readings were taken arbitrarily at, 
each division of the analyzer frequency dial 


included in the category of noise measurements. 

n 



Fig. 4. Analysis of the room noise of Fig. 3, as aug¬ 
mented by sounds from a 1,000-cycle tuning fork 
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. Results of noise measurements made in one par¬ 
ticular. room are shown in Fig. 3, plotted logarith¬ 
mically the same as for the first 2 figures, except that 
«. scale is somewhat larger and only a part of the 
^ auditory sensation area is shown. The noise in this 
c . ase consisted largely of a jumble of various low 
•frequency noises none of which were constant. The 
noise as a whole is*equivalent in ioudness to that &f a 
1,000-cycle tone of an intensity 40 db above 0.001 
dyne per sq cm j that is, the noise is one of 40 loudness 
units. Because of the weighting of the total to 
compensate for the different sensitivity of the ear for 
different frequencies, the “total” is less in loudness 
units than some of the indefinite low frequency com¬ 
ponents ^s measured in decibels. The 2 sm al l com¬ 
ponents of definite frequencies (1,000 and 2,000 cps) 
were readily identified as coming from a nearby clock 
connected to a piezoelectric standard for radio fre¬ 
quencies. 

• After observing the measurements of room condi- 
. , tlC)ns as shown in Fig. 3 further readings of the noise 
level, were made at the same place after starting an 
electromagnetically driven tuning fork, the sound of 
which was brought to’the vicinity of the microphone 
by means of a telephone receiver. This superimposed 
noise simulated a very simple machinery noise and 
produced the effects shown in Fig. 4 where it may be 
noted that the low frequency jumble remained prac¬ 
tically. unchanged. The definite noise component 
occurring at 800 cps arose from the fact that the tele- 

? h0 ?A^* Ceiver was desi S ned for resonance at 800 cps. 
At 1,00*) cps jnay be noted the fundamental note of 
.^e tuning fork, and at 2,000, 3,000, and 4,000 cps, 
respectively, the second, third, arid fourth harmonics 
of the tuning fork note. The “total noise,” which • 
consisted principally of the 1,000-cps tone, may be 
noted to agree rather closely with the physical 
amplitude of that component. 

Obviously the values obtained in these measure¬ 
ments depend mrtonly upon the source of the noise, 

. but.also upon the relative positions of the measuring 
device (tiie listener) and the noise source, particu¬ 
larly if the latter be a complex piece of machinery. 
Less ev^lent, but nevertheless true, the amplitude 
•or loudness of a noise depends upon other surrounding 
conditions such as the sound reflecting characteristics 
ol walls and furnishings, and the manner in which the 
source of noise (such as a machine) is supported. 

.Noisiness. undoubtedly is a characteristic nf 
.certain machinery, but its measure in comparable 
physical units requires carefully detailed specification 

• _* _ ^ , coifditioiis* Xu many cases 

noisiness probably is not a fault of any one of tUe 
several pieces of machinery involved in a specific case 
but rather the result of unfortunate chance relation¬ 
ships within the group. 

w oi ? me ““; em f nts are beginning to be used as a 
basis^ for standards of acceptable “quietness” for 
certain products. Noise measurements provide the 
principal means used in all efforts to reduce noise • 
they are effective because: * u 


only is inaccurate, but is terribly misleading unless a direct compari¬ 
son or two noises is to be made. 

2. Noise measurements aid in detecting "sounding boards” in 

ap j ar t tus L Design changes of these parts^or the applica¬ 
tion of sound absorbent material reduce the noise. 

tl~.^ rea fl? rements „ 0 ^. no i <,e anc * vibration frequencies are effective 
because they usually indicate the fundamental source of the sound 
energy, 

Once the mode of production of a noise is under¬ 
stood its reduction may be accomplished relatively 
e^dy by reducing the primafy driving impulses, by 
interfering with the transmission of power between its 
Source and the sounding board, by changing the 
physical characteristics of the sounding board, or by 
intelligent application of sound absorbing material. 


Transmission Towers 
Span Railway Tracks 

Transmission lines are carried into the city 
of Milwaukee, and through adjacent terri¬ 
tory, on railway rights-of-way. Special 
towers have been developed to span the 
tracks in the more highly congested dis¬ 
tricts, and studies have been made to indi¬ 
cate which type of tower is r the most 
economic^. 
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—XISTING rights-of-way of the inter¬ 
na; 11 railway system are utilized where feasible for 
the location of transmission towers for the 132-kv 
and 66-kv fines of the Milwaukee Electric Railway 
and Light Company and its associated companies 
As a result of this practise, 4 different types of tower 
fine construction-have been developed. They are 
as follows: . 


1. Standard square base towers 

2. Two-track bridge type towers 

3. Vertical side bridge type towers 

4. Pour-track bridge type towers , 




Based u^n VThe 60-Cyele Primary Transmission System of the Milwaukee 
Electric Railway & Light Company and Associated Companies in wt 
“ d VPP“ Michigan” (Wo. 32M3), presented at the A I.E.E. Gr&t T ;at, ea Dis 
tact Meeting, Milwaukee, Wis., Marchl4-ltf, 1932, r «at XaJcm Djs- 
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* The latter 3 types are used on railway right-of-way 
where the width available does not allow the use of 
the standard square base towers. The conductors 
in these ca&es are carried in part or entirely over 
operating tracks. In addition ^to the high-voltage 
transmission line conductors, these towers carry 
the railway catenary construction, supply feeders, 
and Signal circuits. Provision is made also for the 
installation of from 2 to 4 medium voltage trans¬ 
mission lines. • 

The primary transmission system, ’operating at 
132 kv or 66 kv, is used to transmit bulk energy 
from the generating stations to step-down sub¬ 
stations, and to interconnect the Milwaukee system 
with hydroelectric plants in the northern peninsula 
of Michigan. The capacity of 132-kv transmission 
lines from 2 of the generating stations, near Mil¬ 
waukee, to the various substations in the Milwaukee 
area, has been standardized at 90,000 kva; 300,000- 
cir mil copper conductors are used together with 
90,000-kva transformers. The lines south of Mil¬ 
waukee are 4/0 copper conductors. The remaining 
lines are J3/0 and 4/0 ACSR. 

'Standard Towers 

The square base double circuit tower is qsed for, 
all lines on right-of-way not occupied jointly with 



Figs. 1, 2, and 3. Standard square base towers. 
Fig. 1 (left) is a suspension tower, Fig. 2 (middle) 
an angle tower, and Fig. 3 (right) a transposition tower 


* 

railway, or on railway rights-of-way of sufficient 
width to allow space for their installation. These 
towers as well as the various types of bridge towers 
are designed to support 300,000-cir mil copper con¬ 
ductors strung so that the tension under heavy loading 
cohditfons wifi be 40 per cent of the ultimate. Under 
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the same conditions, the tension in the 3 /s-in. Cop- 
perweld ground wires will be 39 per cent of the ulti¬ 
mate. 

The conductor spacing on the suspension tower 
is 13 ft vertical, with 26 ft and 32 ft horizontal * • 
separation, the middle arm being the longest in * 
order to provide a horizontal offset of 3 ft between* 
th£ conductors of a circuit. The vertical separation 
on transposition and angle towers has been increased 
to 16 ft in order to avoid reduction of clearances to 
ground below those obtained on the suspension 
tower. On angle towers, the' 1 arms are offset an 
amount equal to the horizontal displacement of the 
conductor due to the transverse load, thus placing 
the conductors in an approximately* symmetrical 
position with respect to the head of the tower. 

The number of different types of towers used in 
any line is a question of economics. Four different 
designs (exclusive of transposition towers) are used 
at various angles up to a right angle turn. Con¬ 
ductors are supported in suspension up to angles not 
exceeding 45 deg. Towers at angles of 0 <J e g to 45 • 
deg are divided into three designs; • namefy, a 
standard suspension tower fop angles not exceeding 
4 deg (Fig. 1); an angle tower for larger angles 
but not exceeding 20 deg (Fig. 2); and a third type 
for greater angles up to 45 deg. The range of angles 
covered by each type will depend upon title number 
and size of angles in the line in question; but it is 
believed that the foregoing classification will prove 
to be economical for average conditions. -A fourth * 
design is a dead-end tower,* suitable for use at angles 
greater than 45 deg and not exceeding 90 deg. 

Transpositions are made on one tower without se 
reduction in length of, or crossing of, wires in-the 
adjacent spans. Transposition. towers (Fig. 3) 
are built by installing transposition* arms on the 
body of a 20-deg angle tower, which when used for 
this purpose will withstand the loads specified for* 
transposition towers. 

Since the suspension towers are*designed to with¬ 
stand the imbalanced longitudinal loads due to 2 . 
broken conductors, it has not been ‘ necessary to 
place strain or semi-strain towers at intervals in the 
line. • 

• * 

Towers on Railway Right-of-Way 

* The utilization of private rights-of-way for both ‘ 
railway and transmission has called for marked 
departure from the square base double-circuit type * 
of tower. Three general types of towers have been 
cjf signed to best fit the conditions under which they 
are used. * 

The 2-track tower (Fig. 4) is a standard dofible- . 
circuit tower set on a bridge structure spanning the , 
tracks. It has been used on a right-of-way entering 
the' city from the north through a suburban and city 
district. 

The vertical side tower (Fig. 5) i§ similar to a 
Standard double-circuit ,tower except that the face 
toward the track is vertical. The conductors are 
thereby placed partially over the tracks, requiring 
less width of right-of-way outside the tracks than if 

a standard tower were used. At present only one 

• . * -■ 
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tower has been erected. The other tower and con¬ 
necting truss will be erected when additional circuits 
are needed. These towers have been used along 
• if ra P lc ^ transit Hne entering the city from the west 
where the right-of-way was of sufficient width to 
accommodate them. 

• ’ The 4-track tower (Fig. 6) has been used on the 
same hne but closer to the city where real esfhte 
values preclude the purchase of more right-of-way 
than is essential for railway purposes. This design 
centers the conductors over the rails and as close to 
each other as is practicable. Each set of conductors 
in an approximately vertical plane comprises one 
circuit so that they can be worked on while the others 
are operating. Access to the middle* circuit is 
obtained by walking on a grating placed on the 
bottom of each truss. The truss is 5 ft in height 
A modification of the 4-track tower is shown in 
Fig. 7. It was used where the railway grade was 
high and not of sufficient width to accommodate 4 
tracks, at a point where the tracks cross the Menomi- 

• nee Rivet- 

All towers over tracks have been designed to 
accommodate railway trolley and feeders, and 26 4- 
kv lines in addition to the 132-kv lines. 

Of the different types of towers utilized in extend- 
mg the 132-kv system on or along private railway 
nghts-of-way, it is obvious that the structures 
bridging the tracks cost more than the vertical side 
, towers. The type of towers to be installed is a ques¬ 
tion of economics based upon real estate values at 
the particular location. • In many of the outlying 
suburb an ^ areas there was the alternative of using 
•the 2-track bridge type tower and utilizing, for the 
most part, the same right-of-way; or of purchasing 
additionalright-of-way to permit the use of standard ’ 

*? wers : T** a study of this situation 

showed that the bridge tower is more economical 
-if the cost of additional right-of-way for transmission * 
only exceeds $1,200 per acre. If the cost is less than 
this amount, it is-economical to purchase additional ' 
- land adjacent to the existing railway right-of-way 
order to accommodate standard towers. 

, Tower "Design 

The design of the standard towers is for the most 

• %es > only in some 

detaffs. One such departure from the usual practice 

b3^ e rV °f^ P late " a 16-in. octagonal 
s ed plate placed above the point of insulator sup- 

port. Operating experience shows that under cer- 
tam favorable conditions, water which collects on 

t)race ^ flo w down the brace to the 
end of the crossarm and drip over the insulators, 
fonnrng lacks. These icicles shunt the porcelain 
and have suffiaent conductivity to permit a flow of 
S 1 whicffi will operate the ground relays. The 
d^^w+w ^P Plate is to act as an umbrella in 
^P away from the insulators, 

1S ^f^^the .area defined by both the 
and_the national codes as a heavy loading 
. Records show that wind has noYexeeelfed 
P^ * (4 lb per sq ft pressure) While 
r$f & ^ was ice on wires, and the ice formation has 


not been as heavy as */* in. ice radial thickness. 
However, it is known that in other parts of the state 
ice has formed more than one inch in thickness! 
In order to guard against service interruption, a load 
equal to that imposed by one inch ice and 8-lb 
wind pressure at 0 deg fahr has been specified. 
This is approximately double the loading specified 
by the codes. All towers are designed to withstand 
transverse and vertical loads resulting from these 
conditions plus the unbalanced load due to any 2 
conductors being broken. The unit stresses in the 
material are such that the elastic limit will not be 
exceeded if the loads specified are increased 10 per 
cent on standard towers and 25 per cent on towers 
spanning tracks. • ' ’ 

The steel grillage type of anchor requiring no 
concrete, has been generally used for suspension 
and the lighter angle towers, while concrete has 
een used for the heavier towers and all towers over 
tracks. The Malone anchor has been utilized to 
some extent for suspension towers and found satis¬ 
factory where the soil conditions are suitable for its 
use. 

. Of the r lines over 4 tracks 

is 510 ft. This is limited by the length of the maxi-' 
mum railway catenary span, which, on account of 
the track ahnement, was found to be 255 ft. Other 
supports intermediate between the transmission 


Fig. 4. (Left) A typical 2-track 
bridge tower 



Fig. 5. (Below) Elevation of a 
typical vertical side bridge 
tower with truss 
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towers carry the railway equipment only, resulting 
in a transmission span double that of the catenary 
span. The towers over 2 tracks are spaced at 600 ft, 
This also is double the railway catenary span, which 
on accoimt of larger radii curves, is 300 ft. The 
double circuit square base towers are spaced at 650 
ft maximum. This has been found to be an eco¬ 
nomical span length for the average conditions under 
which the various lines are constructed,, taking into 
corisideration width of right-of-way, land values, and 
clearances from other structures. ' ^ ^ 
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Ground Wires 

Lines constructed previous to 1925 were not 
equipped watti ground wires, but provision was made 
for one wire at the tip of the tower approximately 
87* ft above the top conductors. Operating ex¬ 
perience available at that time on this and other 
utility systems, indicated that the presence ^ of a 
ground wire did substantially reduce the number of 
interruptions due to lightning. Ground wires were 



Fig? 6. (Left) A 4-track, 3-circuit bridge tower 

Fig. 7. (Right) A 2-track, 3-circuit bridge tower 

* 

then installed on all existing lines and since that time 
have been included in the initial construction of all 
lines. 

Ground wires are 3 / 8 -in. Copperweld supported 
by a suspension damp on suspension towers and by 
dead-end clamps at angles and dead-ends. The 
suspension clamp provides a flexible support, mini¬ 
mizing, if not eliminating, the bending of the wire 
at its support. This method of support is used as 
an added precaution against mechanical failure of 
tfye ground wire. 

The Jane placed in operation early in 1931 is 
equipped with 2 ground wires, each of which is offset 
3 ft horizontally and separated 12 ft vertically 
from the top conductor. The sag of the ground 
wire is less than that of the conductor, making an 
average vertical separation of approximately 16 ft. 

Insulation and Protective Devices „ 

The older 132-kv Hnes are equipped with 10 
474-in. spaced suspension insulator units with 15-in. 
horns at the conductor end. The horns are effective 
in protecting the conductor against burning) and tlje 
lower insulators against damage by power arcs. 
This insulator string has an impact flashover of 
apprbximatfely 700 kv.* Flashovers and the poorer 


arc following have often damaged the porcelain of the 
upper insulators of the string, but there has been 
only one case, and that during a severe rain storm, 
when service could not be restored without replacing 
insulators. * 

Flux controls, devices having the, general ap¬ 
pearance of horns, but having insulators on the tipd, * 
aremsed on 32 miles of line. Laboratory tests show 
that these devices will protect the insulators against 
discharges of from 50,000 to 70,000 cycles per sec. 
Although it has been shown that such frequencies 
can be present on the line, it»has not been shown 
that they occur frequently enough to warrant pro¬ 
tecting against them. This is borne out by the 
operating record of this line, which, from &he time 
of the installation of the flux controls in 1926 to date, 
is substantially the same as the other circuit carried 
on the same towers, but equipped with 15-in. horns. 

The most recent line to be placed in operation is 
equipped with V.S. arcing horns on a suspension 
insulator string consisting of 10 5y 4 -in. units.* 
The impact flashover of this assembly 820 kv 
The purpose of the horns is to protect the porcelain 
against damage by confining the arc to the horn tips, 
thus permitting restoration of service immediately 
following the oil circuit breaker operation. Dead¬ 
end insulation consists of 2 12-unit strings in 

’ parallel and equipped with V.S. horns on which the 
impact flashover is 980 kv. 

At the Lakeside generating station, near Mil¬ 
waukee, each outgoing 132-kv line is ’ fed,.through 
its own transformer bank, , which is protected by a 
lightning arrester against surges originating* on the 
line. At substations the transformers are protected* 
by a lightning arrester connected to the bus. Ulti- 

’ mate plans provide for an arrester on each bus section 
to which transformers are connected. * • 

At all generating stations and substations con- 

* nected to lines equipped with V.S. horns, the horn- 
gaps nearest the station are set to protect the station 
apparatus as well as the line. At switching stations 
where there is no equipment with bushings connected . 
to the 132-kv line, no reduction need be made in 
the length of gap used on the suspension tower. 
Laboratory tests show that this gap of approximately 
47 in. will always flash over before the bus insulators * 
or the 4-unit pillar insulator on the air-break switches. 
At stations where there me bushings to be protected, 
the gap has been reduced to 36V2 in., resulting in a 
flashover value just below that of the bushings. 
These protective horn-gaps are placed on the dead- . 
end line insulators, except where they would be in 
close proximity to an dir-break switch. In this 
case they are placed on the tower one span away. 

The 66-kv system of the Wisconsm-MicMgan 
Power Company in upper Michigan consists of both 
steel tower and wood pole construction. . The steel" 
towers are of the conventional double circuit type 
similar to those on the 132-kv system, except , that 

* neither the loads nor clearances are as great. Where 
a single circuit line of small conductors meets the 
requirements, the, wood poles are the more economi¬ 
cal. Another advantage over steel towers* is that 
tl\ey can be set along highways and streets, where 
they are available for distribution circuits. 
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Brass Tacks 
in Economics 


Less 9 investment money and more buying 
money is needed today; one proposal to 
increase buying power without harming; 
business is by the drastic taxation of great 
incomes. This is the thirteenth article in' 
the Engineering Foundation's symposium 

"Has Man Benefited by Engineering 
Progress?" 


.By 

DAVID CUSHMAN COYLE 


s 


"CIENCE never is finished, but the 
engineer cannot wait. While research is exploring 
the theory of stresses, the engineer must take what 
facts he can get, use the means available, and drive 
the job., forward. It is the same with economic 
fact- fin di ng . Look at the bituminous coal industry: 
Facts are basic, but not dynamic. Making the 
•economic machine run is a problem in simplifica¬ 
tion, decision, and determined action. What is 
wanted? Where is the sticking point? What power' 
is available? *What will it cost? 

There are two incompatible economic projects. 
.One is that of bringing the great accumulations of 
‘capital through the storm with the least possible 
loss. The other.is involved in this question: If 
we can easily make all the things any reaso na ble 
person wants, and plenty for everybody, why not 
do it? Radicals and conservatives will favor the 
first project, the former because they know it leads 
* to^ revolution, the latter because they do not know 
that the attempt is hopeless. The second project 
is a constructive, common-sense idea, and therefore 
peculiarly suited to the engineering mind. Follow¬ 
ing is an outline of this second project. # 

Too Much Investment Money Poisons Business 

■ • 

The sticking point is in the construction afid 
machinery industries, the production of “capital 
S°? ds * ’ '.Top.-much money goes into factories and 
office buildings and new coal mines ) then over- 
head consumes all the profits, and paralysis sets 
.The system as a whole is as inefficient as pos¬ 
sible. First we build factories that cannot run and ‘ 
floor space that nobody will occupy; then we spend 
several years doing nothing of any consequence. Our 
work ls'stultified by the irrational behavior of finance. 


Investment money flows into industry and trade 
when prospects look good, and causes overexpansion; 
then it flows out and causes deflation. It causes 
instability and profits thereby, and for* that reason 
it is poisonous to ^business. The Federal Reserve 
is supposed to counteract this action of private 
finance; but it has not been strong enough. In¬ 
vestment money flows into overequipment', and 
when industry has been well poisoned it ^vani sh es 
in bankruptcies, wrecking .business, but not re¬ 
moving the ’excess equipment. There is too much 
investment money. The opportunity to invest 
money without poisoning business is limited. More¬ 
over there is too little buying money, The income 
of the country must be directed more to useful 
consumption and less to 'economic poison. 

What power is capable of turning the flow of 
money into useful channels and releasing us from 
the vicious circle of wasted work and unemploy¬ 
ment ? History indicates that those who suffer most 
are likely to be most interested in applying a remedy. 
Working drawings must be intelligible to workmen; 
any plan that is to come down out of Utopia and 
take, on reality must sacrifice' comprehensiveness 
to simplicity. The most obvious device is comr 
mumsm, but it hardly seems suited to the American 
. temperament. A more practical method of steer¬ 
ing money into consumption would be one that 
would be acceptable to the workers and the middle 
class, because together they have the. necessary 
power to put it into action. Heavy taxes on the 
great individual, incomes with rebates for approved 
contributions, would effectively reduce overbuild¬ 
ing and turn the money into public and semi-public 
construction; this would increase buying' power 
without harming business. 

Drastic Taxation of Great Incomes 
Will Stabilize Business 

What will it cost to stabilize business growth 
by drastic taxation of great incomes? First, it will 
cost giving up forever the hope of becoming a multi¬ 
millionaire. Success, beyond a certain point, will 
have to be measured in honors, fame, offices, any-. 
thing else -but vast sums of money. The money 
is needed to lubricate business via the buying market. 
Second, it will mean slowing the max imum rate of ' 
construction of new plant. Our present average rate 
is slow because we stop periodically. This could 
be avoided if we would tax consumption and use 
the money to tear down old plant; 1 but although 
it would cure overequipment it would be inefficient 
because too much energy would go into premature . 
replacement. There is a finite optimum rate of 
replacement, wMch with our tremendous produc¬ 
tive power we could overpass easily. By divert¬ 
ing capital funds into the destruction of old plant 
as well as to building cultural equipment, we could 
get the maximum of useful products out of the 
system in the long run. 

# The third cost of the limitation of capital ac¬ 
cumulation will be that it will tend to decentralize 
initiative. The incentive for centralized cpntrol will 
be*reduced and that for setting up small concerns 
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vftill be increased. That may seem horrifying at 
first; and yet, could any arrangement be more 
inefficient than the present one? In any event it 
is the priced freedom, and of the overall efficiency 
which we lack now. 

No system with the high productive power of our 
own can be made to run unless the construction of 
equipment is artificially kept in check. If wfe go 
in for centralization, we shall be forced to adopt 
socialism as a means, of limiting investment. If 
we limit the volume of investment mohey* by taxa¬ 
tion, we can avoid the abolition of individual initia* 
tive. The latter method. crudely but effectively 
will do the job; it is simple enough to be compre¬ 
hended by the voters who have the power to put 
it into action; and the cost is less than the cost of 
drifting on into collapse and revolution. It will 
be well for engineers to consider these points, de¬ 
vise a still simpler and more effective plan if pos¬ 
sible, and then push for action. 

- ■ - * - - -- - 

Editor’s Note: Pursuant to the invitation of the Engineering Foundation, the 
editors will be happy receive comments, criticisms, or discussions pertaining to 
this or other articles published in this series. 


Welding 

' Steel Structures 


IVelding with gases and electricity 
are relatively new processes but have a background 
of more than a decade of scientific "research. In 
recent years such welding has been adapted to build¬ 
ings and bridges. Noise elimination, economies, and 
ease of application are a few reasons for adoption 
by the structural steel industry. 

Welding came to the attention of engineers dur¬ 
ing the World War as an aid in shipbuilding. Prior 
to this time, it had been used with varied success in 
' repair work, particularly on the railroads. Good 
w§lds could be produced under certain conditions, 
whereas poor welds resulted under others. Weld¬ 
ing experts were unable to give satisfactory reasons 
for "this, but investigations started during the war 
were continued. With the organization of, the 
American Welding Society and its research depart¬ 
ment, the American Bureau of Welding, this re¬ 
search work was expanded. * 

Leading structural engineers a few years ago, 
began to study the application of welding to the 
fabrication of steel structures. Investigators in 
this country and in Australia undertook tests. A 
few important structures were fabricated by weld¬ 
ing, including some gas holders in Australia, sonje 

From Research Narratives, April 15,1932, published by the Engineering Fouada- 
tion, 29 West 39th St., New York, N. Y. Based upon information.coatribjited 
by W. Spratagen, ^ecy., American BureauV Welding, New York, N. Y, 
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small ships here and in Europe, and a few small 
buildings in this country and in England. 

An outstanding contribution to the extension of 
welding in structural work was the 5-yr program 
of the Structural Steel Welding Committee. Its * 
scope and thoroughness commanded the attention * 
of architects and engineers. It involved the fabri-. 
cation and testing *of several thousand specimens 
welded by 61 welders at 39 shops and tested at 24 
laboratories including college and commercial insti¬ 
tutions, and the U.S. Bureau of Standards. This 
research disclosed no harmful effect on the base 
metal due to welding. - * 

Since tests on 2,495 specimens indicated that 
joints commercially welded by qualifiedwelders 
may be expected to possess strengths within 12 
per cent of general average results, engineers and 
architects may feel secure in expecting in their com¬ 
pleted structures, the strengths required. 

A few random instances will bring out these 
advantages. A new hotel building had to be erected' 
at Hot Springs, Va., between 2 existing structures. * 
It was necessary to avoid the noise of riveting. 
This structure was 12 stories high, and was the first 
so-called tier building of this size, to be welded. 

A 5-story heavy duty warehouse was constructed 
t by American Bridge Company for Westinghouse 
’ Electric & Manufacturing Company. The con¬ 
tinuity of beams and girders which was provided 
resulted in a 12 per cent saving in steel. 

A 10-story office building in Cleveland;., housing * 
physicians and dentists, was enlarged without dis¬ 
turbing the occupants. The gas torch and the 
electric arc made this possible, thus saving the* 
owners thousands of dollars in rentals. It .was 
'necessary to make only small openings in the old 
walls uncovering the face of the old steel* where the 
connections were to be made. Much wrecking was 

* eliminated. . 

Steel building frames may be welded, with either* 
the gas torch or the arc. The,largest structure 
thus far welded with a gas torch is a research labora- . 
tory 75 ft wide, 260 ft long and 42 V2 ft high, at 
Niagara Falls. The tallest arc welded structure 
is a 19-story office building for the Dallas (Tex.) 
Light and Power Company. The heaviest welded * 
truss to date weighs 60 tons; it has a span 'of 
96 ft and a height of 18 ft. In the United States 
several hundred steel structures have been welded 
either totally or partially. No failure has occurred 
in any welded joint. . 

Aside from the economic value of noise elimina¬ 
tion, in many locations, 'the saving lies principally 
irT the use of less steel in trusses or plate girders, 

In the multi-story building frames consisting of * 
welded beams and columns, the decrease in weight 
of steel is small unless the beams be made con- * 
tinuous; but thus far the cost of additional weld¬ 
ing has offset the saving in steel. In several build- 

* ings, some of them 14 stories in height, the cost to 
the owners when the shog work was riveted and field 
work welded, was the same as if both shop and field 
connections had been riveted. This equality re¬ 
veals a decided advance in a short time. In ordi¬ 
nary roof trusses savings in weight of steel are pos- 
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sible amounting to as much as 36 per cent. frVmlar 
savings are obtained in plate girder construction. 
. The American Institute of Steel Construction 
. is 'sponsoring the battledeck floor for buildings. 
Tt consists of thin flat steel plates two feet or more 
wide resting .upon the upper flanges of parallel I- 
• beams. As the adjacent edges of two plates run 
along each I-beam and a narrow space is left 'be¬ 
tween them, these edges are welded together and 
at the salhe time to the top of the I-beam, thus 
producing a composite beam. Automatic ma chin es 
are available for the Welding. 

More* than 125 municipalities have adopted weld¬ 
ing in their building codes. With accurate design 
data, controlrof products is made sure through the 
employment of qualified welders and inspectors, and 
designs adapted to welding. 

Welding has been helpful in steel buildings to re¬ 
sist earthquake and wind, which in some instances 
would require unusually elaborate designs if riveted. 
‘An example js the new headquarters of the Southern 
California Edison Company, Ltd., in Los Angeles. 

All-welded steel frame houses are possibilities of 
the future. Several such experimental houses have 
been •erected at a cost which compares favorably 
with wooden structures. General adoption would 
provide an outlet for more than a milli on tons of 
steel annually. 


Electrochemistry 

• * 

ana Hoover Dam 


neers, taking into consideration the probable range fn 
flow and head, have set the figure for power contracts 
at 660,000 firm horsepower, which can be assured at 
all times of the year. During the months of heavy • 
run off the power plants should be able to generate 
their full 1,000,000 hp; hence there will be 340,000 
excess or secondary horsepower. The cost of firm 
powfer at the switchboard will be close to 2.15-mills 
per kwhr, equal to $14.05 per hp-yr, and th^ cost of 
the secondary or off peak power will be close to 0.8 
mill per ktohr, or $5.22 per hp-yr. At no place in the 
country can such cheap power be obtained today. . 

The electrochemical industry is in a state of flux 
because the cost of power from its old sources has 
increased so much (to $30 per hp-yr at Niagara)" that 
the industries have gone to Canada and Norway and 
built new plants. Dr. C. G. Fink, secretary of the 
American Electrochemical Society and an accepted 
authority on matters concerning the electrochemical 
industry, made the following statement at the hear¬ 
ing on disposal of Boulder Dam power before Secre¬ 
tary ^Wilbur in Washington, D. C., in November 1929: " 

“It is my opinion and conviction thaf the American 
electrochemical industry will be 'ready to absorb all 
of the power developed by the Boulder Canyon- 
project as soon as it is available.” Doctor Fink also 
stated that “transmission costs are higher than trans¬ 
portation costs for raw material or finished product.” 

The power situation as briefly outlined, coupled 
with the fact that the Hoover Dam area is one of the 
richest in the world in raw materials used by the 
electrochemical industry, insures the creation of an 
immense electrochemical and electrometallurgical 
industrial center in southern Nevada. The following 
is a* brief r6sum£ of the more important industries 
that will be created to use this cheap power, and a 
brief description of the metallic and non-metallic re¬ 
sources in southern Nevada and contiguous territory. 


Two mining authorities here outline some 
of the 'possibilities for electrochemical 
developments at or near Hoover Dam in 
connection with the expected availability 
of large quantities of cheap power and 
water and the known mineral deposits of 
the West.*-—Editors. 


, „ ^Within % years the construction 
oi J^oover Dam and the power plants probably will 
have reached the operating stage and this vast new 
’ S0 SJ e °f P° wer then will be available for industry. 

The average annual flow of the Colorado River is 
calculated at approximately 24,000 cfs, and if this 
average flow can be maintained the year round at 

e°y Med hy 580-ft dam about. 
1,000,000 hp will be generated. Government engi- 


SS ot Electrochemical Industries at 
AKred Merritt 

EnriflM«^n d P r bl * 1 ‘i^f i - by tbe American Institute of Mining andMetallumca] 
Engineers, toe., to “fining and^etallurgy” for August 1932. 


Electric Furnace Industries 

Numerous electric furnace industries are possible. 
Calcium carbide can be manufactured, for limestone 
of high purity exists in unlimited quantity near the 
dam. Although coke will have to be brought in from 
Utah, the low power rate at the dam will more than 
offset this. 

Cheap power may make possible the calcination of 
this pure Jimestone in electric furnaces, obt ainin g 
quicklime as 6ne product, carbon dioxide,, gas as 
another. Dolomite also occurs in unlimited beds 
near at hand) to be calcined for various uses, as dbne 
there now with oil furnaces. The carbon dioxide gas 
would fit into the picture to convert synthetic 
ammonia to carbonate, which in turn may be elu¬ 
triated jvith grouftd gypsum to form ammonium sul¬ 
fate fertilizer, and produce hydrated lime as a by¬ 
product. By» this process millions of tons of am¬ 
monium sulfate are manufactured annually in Ger¬ 
many. 

Ferro-alloys of vanadium, molybdenum, manga¬ 
nese and silicon can be manufactured from ore supplies 
all within 40 miles of the dam. Tungsten will come 
frojn central Nevada. Pig iron can be brought from 
Utah, or iron for such ahoyd can be produced from 
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the large deposits in southern California and Nevada. 
In San Bernardino County, California, is a splendid 
deposit of at least 5,000,000 tons of magnetite, only 
150 miles by*rail from the dam site. In northeastern 
Riverside County, California, is the great Iron Chief 
deposit, conservatively estimated at from 20 to 75 
million tons, distant only 200 miles from the dam: 
Other4arge deposits also exist in the West. 

The sponge-iron process has possibilities wherein 
Utah would be called on to supply cheap slack coal 
for the necessary reduction before the elfectric smelt¬ 
ing of the sponge iron. The pioneer plant at Heroult,„ 
Calif., several years ago proved electric iron smelting 
to be practicable, and success dependent on costs 
alone? Here is a wide new field in the direct produc¬ 
tion of steel and steel alloys from the ore. , 

Nitrates and Ammonia 

Very cheap power and an absence of coal suggests 
the adoption of some method of nitrogen fixation 
using only air, water, and power, such as the Birke- 
land and Eyde and Doctor Schonherr’s methods in 
use in Norway by’ plants consuming 360,000 hp. 
The nitric acid so produced has high market value, 
and nitrate nitrogen is desirable for explosives manu¬ 
facture, a large industry on the Pacific Coast. High- 
power explosives for military protection can bemanu- 
f actured near the dam, a point remote from air attack 
and near the great new United States munitions 
storage depot at Hawthorne, Nev. 

Although the Haber-Bosch ammonia process now 
is-used to produce most of the world’s synthetic am¬ 
monia, pearly all of the plants consume coke and coal 
both for power and to produce the gases u§ed. 
However, in th£ last few years synthetic ammonia 
made from hydrogen derived from the electrolysis of 
water and nitrogen obtained from the air, has become 
of importance where cheap power is available. 

Tadanac, near Trail, B. C., offers atJ outstanding 
example of water electrolysis on a commercial scale. 
Hydrogen from the electrolytic disassociation of 
water, and nitrogen from a liquid air unit are used in 
producing synthetic ammonia by direct combination 
. under pressure with a catalyst. This, too, although 
the plant is not remote from good sources of Washing¬ 
ton coke and coal. Tadanac long has been a great 
center for electrolytic lead refining, and it was there 
that selective flotation of complex lead-zinc ores made 
a great, advance. The $10,000,000 fertilizer plant 
now under construction there consists of an elec¬ 
trolytic hydrogen unit to produce 3,000,000 cu ft of 
hyctrogen per day; a liquid-air unit for the produc¬ 
tion of nitrogen; and a synthetic ammonia unit to 
produce 47 tons of anhydrous ammonia per day. 
Thus have low-priced power and baSic materials built 
up this great group of industries in a location more, 
remote from markets and having a climate much 
inferior to that of the Hoover Dam for living, labor, 
and operating conditions. 

Electrolysis * 

Electrolysis of salt produces sodium hydrate aEnd 
dflbrm€“, the base and adid for a wide range* of 
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chemical uses. Four large salt deposits in Virgin 
Valley, 50 miles from Hoover Dam, contain at least 
25,000,000 tons of rock salt. Rock salt and. also 
calcium chloride occur in inexhaustible quantities «± 
Bristol Dry Lake, San Bernardino County, 150 miles * 
from Hoover Dam. Great quantities of sodium • 
hydrate might find use in the refining of California . 
petroleum. Hydrochloric acid made from the chlo¬ 
rine may possibly be used in the manufacture of pure 
iron by electrolysis of a solution of ore in acid. 
Cheap power would be the key to this method, with 
the natural resources ready at hand. 

* 

The Metals 

* r* 

Zinc. The U.S. Bureau of Mines reports that 
Arizona, Nevada, New Mexico, Oregon, Washington, 
and Utah mines produced 93,018 tons of recoverable 
zinc in 1930. For the same year Colorado and 
Montana produced 155,718 tons. Most of the ore 
was reduced in electrolytic plants in Montana and' 
Idaho and represents 26.5 per cent of the total United * 
States production. During the years 1930* to 1932 
the mines of Pioche, Nevada, enormously increased 
their ore reserves; they now have about 4,00Q,000 
tons of ore blocked out, with the possibility of much 
,more lead-zinc-manganese ore to be developed soon. 

' To provide for this increased production, particularly 
in Nevada, large concentrating and calcining plants 
may be built at Pioche, about 150 miles north of the 
dam.- The calcine could be shipped to the'dam for 4 
electrolytic refining. About 16 per cent of all the 
sulfuric add used in the United States is produced by 
zinc-roasting plants. Probably all of the Pioche- 
add would be absorbed by industries at the dam, 
chief of which should be the refining of blister 
copper. * 

Copper. In the West, there are electrolytic copper 
‘refineries at Great Falls, Mont.; Tacoma, Wash.;, 
and a new plant at El Paso, Tex. Doctor Fink* 
states that these will not take care of western copper 
output, but will leave all of Nevada (54,601 tons in . 
1930) and half of Utah and Arizona (about 500,000 
tons in all) to be sent east for refining. It would 
appear that for more economical operation *a plant 
should be located at Hoover Dam, in the center of * 
the heaviest producing districts, and a point on the 
direct route to the Coast. 

" Aluminum . Doctor Fink points out that _ all 
aluminum used in the western half of the United 
States is subject to an expensive cross-haul, bauxite . 
from Arkansas going east for reduction and then west 
again as metal. Six million pounds per year is 
srnpped to the Orient, in addition to large amounts 
used in the western states. A deposit of pure altfiite . 
is being developed at Sulphur, Humboldt County, 
Nev. Marysvale, Utah, also is a source of this * 
aluminum-potash mineral* Other localities ip 

# Nevada and Utah.may be able to supply some of this 

* ore. A commercial process for recovering both 

aluminum and potash fijom alunite should not be 
difficult to work out, given cheap power and abun- 
dant water. . 

Manganese. Various deposits of manganese ore 
occur in the western states. In Nevada, at Gol- 
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conda and Ely, small ^tonnages of high-grade, ore are 
produced, and at both Las* Vegas and Pioche are 
large bedded deposits. The probable tonnage of 
manganese ore, associated with zinc and lead in the 
Pioche district, now amounts to about 4,000,000 
tons. Possibly 2 or 3 times as much will eventually 
- be developed. The Combined Metals Company at 
Pioche is perfecting a commefcial process for* the 
separation of manganese, which can probably be 
carried out most advantageously at the dam site, 
where, in any event, the next steps of m airing ferro¬ 
manganese or using* the ore in chemical industries 
would he carried out. Only 10 miles northwest of 
the Hoover Dam is another large bedded deposit of 
manganese ose, which geologists Hewett and Webber 
of the U.S. Geological Survey estimate to contain at 
least 500,000 and possibly 1,000,000 tons. As man¬ 
ganese ore imports in 1930 were 585,568 long tons, 
and domestic production of all classes, including 
708,000 tons of manganiferous iron ore was only 
‘845,000 tons, the need of cheap domestic man g an ese 
is seen. Ferromanganese can be made cheaply in 
electric furnaces at the dam site, and thus be ready 
for market at exceedingly low cost for the ores. 

Tungsten. Nevada and California together pro¬ 
duce most of the tungsten consumed in the United 


States. The largest western production is made at 
MiH City, Nev., and Atolia, Calif., which together 
produce about 80 per cent of all that used in the 
United States. (In 1930, 702 tons of* 70 per cent 
W0 3 was produced^) A portion of Nevada’s produc¬ 
tion of 64 per cent of the total, which is now shipped 
to Niagara Falls for reduction, could be converted 
to ferro-tungsten at the dam, for western and Oriental 
consumption, at a great saving. r . 

Other Minerals and Metals o Wi thin commercially 
practical distances of Hoover D am lie tremendous 
deposits of other minerals and metals including alum, 
borax, brucite, gypsum, clays (bentonite, kaolin, 
diatomite), feldspar, fluorspar, limestone, magnesite, 
molybdenum, silica (good quality), sodium sulfate, 
sulfur, and vanadium. 

Economies Possible 

To the materials already mentioned must be added 
platinum, gold, silver, mercury, cobalt, and bismuth, 
all of which are found in Nevada and -California near 
the Hoover Dam site. Great economies tp the min¬ 
ing industry seem possible through the establishment 
of reduction plants and refineries at this source of 
electric energy. 
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Distribution System Lightning Protection; 

Operating Experiences w»h Lightning Arresters 
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Operating experience demonstrates that 
lightning arresters provide sufficient protec¬ 
tion to justify their installation on electric 
power distribution systems even where low 
arrester ground resistance cannot be ob¬ 
tained. Limited experience with the inter¬ 
connected lightning arrester ground and 
grounded secondary neutral confirms the 
results of laboratory and field tests covered 
in a group of articles published on p. 633- 
47 of the September issue of ELECTRICAL 
ENGINEERING. 
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. .. : — ROTECTION of electric power 

distribution systems from (Jisturbances due to Hzbt- 

? f ® a i° r importance, since many 
interruptions to customers are due directly to troubles 
framthat source. Statistical studies show that 
lightning arresters provide sufficient protection on 


distribution systems to justify their installation 
economically. Results of 3 such studies on 3 typical 
large power systems are covered in the 3 articles 
immediately following this introduction. 

. The first article, by Roper, treats of a cooperative 
mvestigatibn on the system of the Commonwealth 
Edison Company, Chicago, conducted by several 
lightning arrester manufacturers in cooperation with 
the powei; company. The second, by Haines and 
Corney, gives the results of a study on the system of 
the Edison Electric Illuminating Company, Boston, 
in a region where high ground resistances prevail! 
The. third article, by Dambly, Ekvall, and Phelps, 
covers a study on the different types of lines that 
make up the distribution system of the Philadelphia 
Electric Company, and includes field tests with the 
.interconnected primary arrester ground and 
grounded secondary neutral. 

From the results of these and similar studies 
quite definite rules now can be laid down for reducing 
the effects of lightning disturbances on distribution 
Circuits. As determined m previous investigations 
a marked improvement in protection is effected by 
ma-easmg the arrester density, that is, the number 
installed per square mile of area protected. The age 

* ' • . * • 
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and size of transformers also appear to have some 
effect, the smaller transformers being more sus¬ 
ceptible to lightning troubles as are those of older 
design. Low resistance for arrester grounds appears 
to be of great importance, although considerable 
protection can be obtained even with ground re¬ 
sistances as high as 1,000 ohms. There is a differ¬ 
ence of opinion as to whether grounded systems 1 *are 
less susceptible to lightning disturbances than are 
ungrounded systems. A difference of opinion also 
exists in regard to the shielding effect of tall build¬ 
ings, trees, and other structures. -» 


I—Experience on a 

Typical Urban System 

•* ' . 

By 

D. W. ROPER Commonwealth Edison 

FELLOW A.I.E.E. Company, CDlcaso, III. 

By taking advantage of 

knowledge gained from a 20-yr statistical research 
investigation of lightning protection for distribution 
circuits ’(Fig. 1), it appears possible to reduce the 
number of transformer troubles caused by lightnihg 
in Chicago to le§s than one case of trouble per year 
per thousand transformers in service.; This article 

* presents some of the later results of that 20-yr study. 

Following the development of the cathode ray 
oscillograph in form suitable for tests on lightning 
arresters, it was noted that test results, as then made 
and interpreted, placed the several types of arresters 
in a different order of merit from the order indicated 
by field investigations. This resulted in a conference 
with the lightning arrester manufacturers on the 
subject in January 1927, at which time plans were 
'formulated for determining the causes of these dis¬ 
crepancies. Practically all of the additional in¬ 
formation on the subject recorded in this article has 
resulted from the intensive study begun during this 
conference. During the succeeding years 6 more 
conferences were held; as a result, practically all of 
( the differences which appeared in the first conference 

* have been reconciled. As the manufacturers of 

lightning arresters now are able to make tests with 
the lightning generator and to interpret the results 
by means of the cathode ray oscillograph, so that by ‘ 
such studies the relative merits of various types of 
arresters can be closely determined, the detailed 
statistical investigations in Chicago no longer are 
Warranted and hence have been practically dis¬ 
continued. ’ 

" ■■ ■ - - ■ — ■ i ——— — — ——— — —— ... ■■ 

Based upon "Studies in Lightning Protection on 4,000-Volt Circuits—III” (l?o. 
32-19)»presented at?the A.I.E.E. winter convention, New York, N. Y., jfin. 
25-29,1932. 
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Chicago Distribution SystehS 

n 

• 

The system of distribution in Chicago is a 4-wire 
3-phase 2,300/4,000-volt system with the neutral 
grounded at the substations. All of the 606 circuits 
leave the substations underground; the. feeders and # 
about Vb of the mains are underground. On August • 
1„ 1631, there were 33,093 transformers connected to 
the overhead mains; in addition 1,593 were installed 
in manholes or vaults and connected directly to 
underground primary mains. Over 800j000 cus¬ 
tomers are served by this distribution system, which 
covers about 120 of the 210 square miles within the 
Chicago city limits. 

All line transformers are single-phase,* witlr 2,080- 
volt primaries and 115/230-volt secondaries. Light¬ 
ing transformers are Connected between a phase wire 
and neutral; the secondary neutral wire is well 
grounded along the secondary mains and on the 
customers' premises. Transformer cases are not 
grounded. Large power installations consist of 3 * 
transformers connected in Y on the primary and ip A 
on the secondary; the common point of the primary 
connections is not connected to the primary neutral, 
and the middle point of one transformer secondary is 

grounded. Smaller power installations consist of 

* 



Fig. 1: Records of transformers and lightning 


~ troubles for a 20-yr period 

even though the number of transformers doubled between 
1915 and 1931, the actual number of transformer burnouts • 

and fuse blowings remained fairly constant at 105 and 275 
per year, respectively 

■ <■* ■ » ' 

2 transformers each connected between one phase 
wire and primary neutral with the secondaries . 
connected in open A. Secondary lighting mains 
generally are only one block long, but abodt 4 / 6 of* 
these secondary mains have their neutrals connected 
with the neutrals of mains in adjacent blocks. 

One 3-kv and one 300-volt arrester (Fig. 2) are 
installed on the same pole with each lighting.trans¬ 
former ; similar installations are made at the banks of 
2 or 3 power transformers with the further limitation 
that the maximum number of, phase arresters on 



■ * • 







Table I —Results of Exanfination of Transformers Burned Out 
in* Chicago by Lightning During 1927—30, Inclusive 


• . 

Apparent 

Lightning Entrance * 

No Transformers 
Examined 

Per Cent 

• - 

Primary only: 

Phase wire 

133. 

28.0 

Neutral wire • 

32 

6.8 • 

Phase and neutral wire 

42 

8.9 * 


■ 

_ — 

Total,^Primary only 

207 

43.7 

Secondary only 

100 

21.1 

Secondary and primary 

105 

22.2 

Doubtful • 

38 

8.0 

Indeterminate 

24 

6.0 


— 

, 

Total 

474 

100.0 


«vwu B *iuuus ix transrormer is considered to oe burned out 
when it cannot be restored to service without removing it from the pole. About 
40 per cent of the transformers were repaired without replacing the coils. 


transformers in any one block is 3. Similar installa- 
. tions are made on all cable poles. No lightning 
arresters or. similar devices are installed in any of the 
substations, on the secondary mains for light or 
power, or on transformers connected to underground 
mains. • 

At present 15 types of 3-kv arresters are in use on 
the system, which, for the purpose of this investiga¬ 
tion, was divided into 162 areas with only one type of 
arrester in any area. The several areas for each type" 
are scattered throughout the city. For grounding 
the arresters 10-ft ground rods are used except in 
sandy regions, where 15-ft rods are used; in the few 

rock ^reas special metheds are employed. 


Examination of Burned Out Transformers *. 

Records of the examination of 474 transformers 
burned out by lightning (Table I) indicate that burn¬ 
outs starting in th$ secondary winding (Fig. 3) were 
nearly half as numerous as those starting on the 
primary. Lightning potentials on the secondary 
service wires, however, have caused but little trouble 
on customers’ premises. Information obtained in 
the exa min ation of the transformers confirms the 
suggestibn in the 1914 paper of the author that 
•careful attention should be given to clearances of 
leads inside and outside the transformer case. (See 
“Experiences With Line Transformers,” A.I.E.E. 
Trans., v. 33, 1914, p. 685.) '• 

Evidences of direct strokes, as indicated by shat¬ 
tering of poles or cross-arms, were found on only 
about 15 poles per yr., or one in 9,000. Only about 
5 per cent of the transformer failures appear to be 
caused by direct strokes. Apparently there are 
practically no traveling waves on the distribution 
system. This assumption is based _ upon the fact 
that records for transformers at the open ends of 


Legend for Apparent - 
Lightning Entrance 




H 

P Q R y z 

Fig. 2. Electrical diagrams of arresters used 
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re volve types. Arresters are arranged in the brderVwhich * 

they were installed on the system 
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441441 4 414 434*. 

YEARS IN SERVICE DURING 1927 TO 1930 

Fig. 3. Performance of different types of arresters 

Averages are not corrected for size, age, or density of trans- 
.formers. Probable errors in the individual cases are from 
10 to 25 per cent, except for type A, for which only one 
year s performance is shown 

<• - 

* pnmary^wires diow that the percentage of trouble is 
about 20 p* cent below the rate for othertran^ 
formers. Were traveling waves existent on the 
system, there would be an increased percentage of 
trouble due to piling up of potential at these prints. 

Effects of Various Factors 

From the results of the investigation* certain 
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factors have been found to affect lightning troubles 
on the distribution system as follows: 

1* Underground primary mains. 

The 1,593 transformers installed in manholes or vaults and ™ntw»rted 
to underground, primary mains had a rate o4 burnout due to li ghtning 
of only Vbo of 1 per cent per annum in the past 5 years. 

2. ^Grounding of primary neutral. 

One advantage of a 4-wire 3-phase system with neutral grounded 
in the substation is that it permits the installation of 300-volt ar¬ 
resters on the neutral wire of fhe overhead primary mains an d 3 .^ 
arresters on the phase wires, whereas with the neutral ungrounded 
arresters rated at 3 kv and 6 kv, respectively, are required. During 
a lightning discharge the 300-volt arresters break down quickly, 
after which the primary neutral wir^acts as a ground wire to reduce 
the maximum voltage which otherwise would be reached by the 
primary phase wiresThis, together with the use of phase arresters 
of lower voltage rating gives the grounded neutral system an ad¬ 
vantage over systems with ungrounded neutral by a reduction of 
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Fig. 5. (Right) 
Records of trouble 
on transformers 
protected by typi¬ 
cal arresters 
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represents average 
for all arresters on 
the system 
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Fig. 4. Relation between age of transformers and 
burn-outs due to lightning 

- Figures shown are averages for 1927-31 
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scattered over the city, the intensity of lightning in these areas varied 
from year to year; consequently annual variations in protective 
characteristics of the arresters were observed, as indicated in Fig. 5. 
This also indicates that to obtain reliable data from such-investiga- 
tions, a great many arresters must be used and the field trial must 
extend over several years. ’ . n 


about 40 per cent in the maximum crest voltage to which the, trans¬ 
formers are exposed* to induced discharges. This advantage also 
is indicated by the fact that, although no arresters are installed in 
substations, flashovers due to lightning in the substations in Chicago 
are entirely unknown and burnouts of voltage regulators due to 
lightning in recent years have averaged about l /*o of 1 per cent per 
annum. In addition, the number of cable failures'due to lightning 
has been only about 2 per year though there are 3,800 points of 
connection to the overhead mains. 

3. Density of arresters. 

This subject, a most important one, was covered quite thoroughly 
in the author's 1920 paper “Studies in Lightning protection on 4,000- 
.Volt Circuits—II" (A.I.E.E. Trans., v. 39, part 2, p. 1895). The 
conclusion reached in that paper was that “There is a* very marked 
improvement in the effect of lightning arrester protection with an 
increase in density...." 

4. Size of transformers. 

Reoent records confirm statements in preceding papers that lightning 
troubles decrease with increasing transformer size. In Chicago some 
reduction of troubles has been effected by discontinuing purchases of 
transformers of capacities lower than 5 kva. 

» 

5. A.ge of transformers. 

The rate of burnouts has been found to increase several fold with age 
of a transformer (see Fig. 4). 

6. Resistance of arrester grounds. 

Records indicate that apparently any extra expense to reHuce the 
resistance of lightning arrester grounds below 50 ohms is not war- - 

ranted. * 

7\ Shielding effect of trees and buildings. 

As near as could be determined, the shielding effect of trees, build¬ 
ings, and other tall objects against induced discharges is practically 
zero for Chicago conditions. There is no way of determining even 
approximately^ the extent to which trees and structures shield thn 
lines against direct strokes. 

8. Exten£ and intensity of lightning.. > 

Although each type of arrester whs installed in several areas widdy 

Ooxobbr 1932 „ 


Comparison of Different Types of Arresters 
* , 

4* . 

Records indicate that one of the types nf arresters 
(B, Fig. 3) first placed on the market about 20 years 
-ago and withdrawn 10 years later, has not been, 
excelled in its protective efficiency, but its main-* 
tenance rate was rather high. It consists of a series 
of metal gaps with 2 shunting resistors enclosed in a 
wooden box. At the beginning of 1922 the manu¬ 
facturers offered valve type arresters in place of the 
former gap type; these new valve arresters have 
’ required about Vs of the rate of replacements that •« 
obtain for gap arresters. The ideal valve arrester 
would be one without a series gap that would dis- 
criminate between induced discharges of high fre¬ 
quency and the 60-cycle follow current, openin g wide 
the valve for the former and closing it promptly 
against the latter, repeating this action year after 
year without reduction in its protective efficiency. 

In recent years several papers have been presented 
before the A.I.E.E. on the subject of coordination of 
insulation on transmission lines. These investiga¬ 
tions indicate the desirability of similar coordination * 
between lightning arrester performance £nd the 
maximum induced discharges to which the distribu- 
-tion transformer windings and bushings are sub- , 
jected. • V'! 

Suggestions for Minimum lightning Troubles 

1 . 'Use the 4-wire 3-pbase system of distribution with grounded 
neutral. ' 

'■* : ' ^ ’ 719 
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2. * Where transformers or cables are connected to overhead primary 
mains, install low voltage arresters on the neutral wire and valve 
type arresters suitable for the Y voltage on the phase wires; avoid 
duplication within 500 ft, and reduce the number, for Chicago 
conditions, by V*. . - 

3. Use transformefs having insulation on the coils and leads that 
will not deteriorate with age and that will withstand a tran s ie n t 

test safely above the voltages to which the transformers 
• will be subjected in service when protected by arresters. 

4. If conditions wannnt a second ground rod for reducing the 
resistance of the lightning arrester ground, install also a second 
ground wire $own the pole and connect it to the second ground rod. 

5. Select newest transformers for installation in districts of low 
arrester density and install the older transformers in areas of high 
arrester density. 

6 . Require each customer to ground the neutral wire of his house 
wiring to a water pipe on his premises. 

7. Connect the^neutral wire of each section of secondary mnine 
to at least 2 ground rods; on long mains install ground rod con¬ 
nections at intervals not exceeding 000 ft. 

8 . Interconnect, to a reasonable extent, the neutral wires of 
adjacent secondary mains. 

9. ‘Interconnect the lightning arrester ground wire and the secon¬ 
dary neutral wire when the latter is well grounded. 

•10. Where transformers are connected to primary mains 1,500 ft 
°* more distant- from the nearest transformers, install on the pole 
about 600 *ft from the transformers the same lightning arrester 
equipment as on the transformer pole. 

11 . Ground the lead sheaths of all underground primary cables. 

By* following these suggestions and giving the 
problem continuous engineering supervision, it ap¬ 
pears possible to reduce the number of transformer - 
troubles caused by lightning in Chicago, that is fuses 
blown plus transformers burned out, from 13 cases 
to less than 1 case of trouble per year per thousand 
transfonhers installed. 


distribution transformers, All power customers are 
fed from 3-phase transformers of which there, are 
1,500 overhead and 500 underground. Of the 
single-phase lighting transformers, 7,300 are over¬ 
head and 900 underground. In general, the primary 
distribution system is of the 3-phase 4-wire radial 
type and operates at 2,300/4,000 volts with the 
neutral ungrounded. There are approximately 235 
such circuits of which about */5 of the circuit miles 
are estimated to be underground. 

Prior to 1925, lightning arresters of conventional 
Aype had not been used to any extent principally 
because of the opinion that in order for this equip¬ 
ment to function satisfactorily it was absolutely 
essential to. have low resistance ground connections. 
Those fa mili ar with New England soil conditions 
realize that a low resistance ground at the foot of a 
pole is a rarity. This condition was emphasized in 
1917 when the United States Bureau of Standards 
made a general survey of ground resistance condi¬ 
tions and found that they were worse in New England 
than anywhere else in the country. (See Bureau of 
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Both of the Edison Elec. Illuminating Co., Boston, Mass. 


,, , . ' r OR YEARS, lightning storms in 

the territory served by the Edison Electric Illumi¬ 
nating Company of Boston have been accompanied 
by numerous blown fuses, damaged and burned out 
transformers, and other troubles, all of which caused 
many outages to customers with consequent annoy¬ 
ance to 'them as well as expense to the company. 
This company distributes electrical energy m 40. 
cities and towns, embracing 650 square miles in and 
aty of Boston. . (See Fig. 6.) A total of 
d2&,UU0 retail customers is supplied from 10,200 

720 


Fig. 6. Territory served by the distribution system 
of the Edison Electric Illuminating Company of 
" Boston 

Single crosshatehed areas have municipal distribution. 
Double crosshatching indicates unprotected area. Black 
squares indicate observation stations of the U. S. Weather 
Bureau. Percentages given indicate degree of protection 
in their respective areas 

Standards Publication No. 108, “Ground Connec- 
. tions for Electrical Systems/’ by O. S. Peters, Tune 
1918.) 7 .. J 

With the growth of the system, conditions were 
becoming so acute that early in 1923 it was decided 
to make a trial installation of several standard 
lightning arresters notwithstanding the fact that 
there was little hope of getting what was considered 
a low resistance ground. The first circuits to be 
protected were in areas" wliere records" had shown 
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Table II Summary cf Troubles on Distribution Transformers Due to Lightning in Protected Area 't 


• 

Wo. of 

Weather 

Bureau Per 

JLightning Cent Avg. 

Observe- Protec- Ground 

Year tioi^p tion Resistance 

Transformers With 
Lightning Arresters 

T 

Transformers Without 
Lightning Arresters 

• 

All Transformers 

Troubles 

* per 100 

Trans¬ 
formers 

Wo. Troubles per 100 

of per 100 Weather 

Trans- Trans- Bureau Ob- 

formers formers serrations 

Troubles 
per 100 
Trans¬ 
formers 

Wo. Troubles per 100 

of -i per 100 Weather’ 

Trans- Trans- Bureau Ob- 

formers formers servations 

1 

Trass- 
formers • 

No. Troubles per 100 

a per 100 Weather 
Trans- Troubles Trans- Bureau Ob- 
formers In Year formers servations 

1927 -144. 34. 201. 

1928 - 82. 38.210. 

1929. .. .128.49.196. 

1930-118...56..214. 

1931....114.71.234. 

• 

1.484..26.5.*... .T.17.7. 

1.805. 9.9.12.1. 

2,407.12.1. 0.6.? 

.2,930.16.7.13.3. 

3,781.4.2. 3.7. 

2,836.44.4.3018. 

2,970.13.9.17.0. 

2,487.38.0.30.2....... 

2,329. 22.6.19.2. 

1,562. 7.0... 0.7. 

4,320. ...1,637. 37.9.20.3....... 

4.775.. .. 000.12.6.15.4. 

4,894. ...1,239.25.3.20.1. 

5.259.. .. 987.18.8.1%.9. 

5.343.. .. 278. 5.2. 4.6. 


transformer troubles due to lightning to be most 
severe. 

From past experience certain areas in and closely 
adjacent to the city of Boston had shown a trouble 
rate about V* of that of the rest of the territory, 
or less. There is now a total of 3,400 overhead 
transformers ih these areas, none of which is pro¬ 
tected bylightning arresters. As this section is more 
thickly settled than the rest, its comparatively low 
rate is thought to be due to the shielding effect of 
structures. As a result, no protection was intended 
for these areas and consequently they haVfe been 
e l i m inated from the study. The protected area in 
which there are now approximately 5,400 overhead 
transformers, is shown in Fig. 6. 

Method of Connecting Arresters 


Results of Study 

No attempt was made to analyze operating 
records until 1927 as the number of installations in 
service previous to that time was thought to be too" 
small to obtain reliable data. From the procedure r 
established, it may be noted that in any area selected 
for protection some transformers were protected and 
some were not. It was thought that in general this 
practise would give a means of comparing the 
performance of transformers protected with that of 
those not protected. Each year previous to the 
lightning storm season, all arrester grounds were 
measured for ground resistance; those over 250 
ohms, were treated with salt and watef and/or had - 
additional rods driven in aji attempt to lower their 
resistances. * 


Lightning arresters of 3 different manufacturers 
were selected, each having seemingly desirable 
characteristics;*all had porcelain housings,'and were 
rated for circuits of from 4 to 5 kv; Single-phase 
transformers, which are connected between a phase 
wire and neutral, were equipped with 2 arresters, 
one from each wire to ground; 3-phase transformers, 
which are connected to each of the 3-phase wires, 
were equipped similarly with 3 arresters. It was 
planned to equip about 500 transformer installations 
. per year. 

As lightning arrester protection was estimated to 
cost an average of $50 per transformer, it was not 
deemed economically justifiable, in general, to install 
the equipment on transformers under 7.5-kva 
capacity. As the records showed, Jiowbver, that 
transformers on dead ends were more susceptible to 
lightning troubles than the others, it was decided to 
protect those as small as 5-kva capacity at these points. 

The first group of arresters was installed in 1925. 
Because of the previously mentioned opinion as to 
the. necessity for low resistance •grounds, it was 
decided for the first trial group that lightning 
arresters would not be installed unless a ground* 
connection of 250 ohms or less could be obtained. 
Soon after the work was started, however, it was 
found that even 250-ohm grounds were difficult to 
obtain. Consequently in order to be able to com¬ 
plete a reasonable number of installations for ob¬ 
servation, # thfe limit for ground resistance above which 
arresters should not be used was raised to 1,000 ohms. 
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A summary of data collected for protected and- 
unprotected transformers, arranged by years from 
" 1927 on, is given in Table II. Results for 1927 show 
that the installation of lightning arresters, on certain 
transformers decreased all types of lightning troubles 
on those transformers by 40 per cent, and aU troubles, 
except those classified as miscellaneous, by 50 per* 
cent. „. - " 

During 1928 lightning storms were much less . 
frequent than in the previous year resulting in only 
about half as many transformer troubles as in 1927. 
The summary of troubles for this year as shown in 
Table II indicates that the troubles with protected • 
transformers were much less than the troubles-with 
unprotected transformers. 

-In 1929, as a result of the previous 2 years’ experi¬ 
ence, lightning arresters were installed at a more 
rapid rate and ground resistances up to 2,000 ohms . 
for transformers larger than 10 kva were accepted, 
although as before, salt treatment was given where 
possible in an endeavor to lower the resistance of such 
installations. The summary of results for that year 
(Table II) shows even more strikingly the effective¬ 
ness of protection as in this year there was pro- * 
portionately more than 3 times as much trouble on 
unprotected transformers as on protected ones. An 
analysis of troubles by transformer sizes showed that 
while transformers 5 kva and smaller constituted 
slightly less than 30 per cent of all the transformers 
in service, they accounted for more than 50 per cent 
of the troubles; 

By 1930, 3 consecutive years of study had demon- 




7$1 






Fig. 7. U. S. Weather Bureau lightning observations 
compared to transformer troubles 


strated the effectiveness of the protection afforded by- 
lightning arresters. The fact that proportionately 
more troubles occurred on transformers of 5 kva and 
smaller capacity, and that in general the smaller 
transformers are more remote from maintenance 
.headquarters, together with the improvements shown 
with increased arrester density, led to the decision 
that* all transformers in towns in the protected area 
ultimately should be protected. 

As a further result <ff the studies and in an effort to 
apply the new program most effectively all unpro¬ 
tected transformers where trouble had occurred more 
than twice in 1929, were equipped with arresters. 
Also a small group of towns where excessive lightning 
troubles had occurred were selected and arresters 
were added to give 100 per cent protection before the 
1930 lightning season. 

In 1029, as stated previously, it was learned that 
transformers of small sizes were particularly sus¬ 
ceptible to lightning outages. The 1930 analysis 
brought out the same condition, but more strikingly:. 
Of the totaL tsSubles 67 per cent was on transformers 
of 5 kva and smaller; this group constitutes 28.5 per 
.cent of the total number of transformers. 


curves in Fig. 8 show the reduction in trouble rate for 
an individual town and for a group of towns; these 
are given to indicate the effect of complete protection 
in lowering the trouble rate. Thesg particular 
towns were selected on account of the severity and 
frequency of storms in their respective localities. 

Using this expectation curve as a basis, it can be 
shown for this system that the annual saving in cost 
of maintenance to be expected by the decrease of 
troubles anticipated from the protection of all the 
remaining transformers in the* protected area, will be 
sufficient to finance the additional investment re¬ 
quired for complete protection. Additional gains 
will be realized in decreased customer outage and 



* lightning arresters 


decreased, handling and overhead expenses, items not 
included in the cost analysis. •> 

Arrester Density and Ground Resistance 



Data Corrected for Storm Severity 

As 100 p§r cent protection is approached, the 
means of comparing the effectiveness of the work 
tends to # disappear and a need for some other measure 

• to show; the progress being made becomes evident. 
The United States Weather Bureau records observa¬ 
tions of lightning storms from several stations in and 
about Boston. Lightning observations reported by 
the bureau have been totaled and called the “storm 

. severity factor”; this factor is used as a divisor*to 
modify the trouble rates in an attempt to render 
them more comparable.. Locations of these ob¬ 
servation stations are shown in Fig. 6 while Fig* 7 
gives the total number of observations each year 
Compared with the number of transformer troubles 

* in the same year. 

Reduction in trouble rate resulting from the 
application of arresters modified by the storm 
severity factor, is shown in Fig. 8 plotted against - 
arrester protection in per cent. Extrapolation of the , 
trend curve gives an indication of the improvement 
that may be expected fey further additions of light¬ 
ing arresters. As may be noted, this trend for the 
area considered is shown as a straight line. Other 


Studies of the effect of lightning arrester density 
per unit area and of the effectiveness of various values 
of ground resistance were begun in 1927 and con¬ 
tinued throughout the investigation. Results of 
. studies are plotted in Figs. 9 and 10, respec- 
' lively. A. distinct improvement as the density 
increased is indicated by Fig. 9; this seems to check 
conclusions reached in previous studies. (See 
“Studies in Lightning Protection on 4,000-Volt 
Circuits, ”D. y. Roper, A.I.E.E. Trans., v. 35,1916, 
p. 655; and v. 39, 1920, p. 1895.) 

As previously mentioned, the average ground 
resistance in the area served by this company is high, 
being over 200 ohms. In Fig. 10 it may be seen that 
for resistances lower than 100 ohms, decreased 
resistance make§ a definite improvement in the 
effectiveness of arresters, whereas above that value 
•the effectiveness is not reduced materially by higher 
ground resistance. The upper horizontal line on 
Fig. 10 shows the average trouble intensity for un¬ 
protected transformers. A comparison of the curves 
indicates that arresters even with extremely high 
ground resistances give valuable protection. In the 
course of early discussion of these data-the question 
wss raised as to whether , the ground Resistance 
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differed to 60-cycle current used for testing might be 
different from that offered to lightning waves. An 
investigation made subsequently by one of the 
lightning arrester manufacturers showed that resis¬ 
tance values offered to lightning waves are appreciably 
less than those offered to 60-cycle currents. (See 
“Impulse Characteristics of Driven Grounds,” H. M. 
To wne, G.E. Rev., Nov. 1928.) This may account 
to a certain extent for the relative effectiveness of 
ground connections haying high 60-cycle resistances. 

As stated previously, lightning arre'stei's from 3 
manufacturers were used. Records of troubles wer$ 
segregated and tabulated by manufacturers through¬ 
out the investigation. A comparison of these data 
show that for conditions as found on this system 
thefe is little to choose between the different ar¬ 
resters. 

During 1930 careful inspections were made of 
nearly all the transformers where fuses had been 
blown during lightning storms. Evidence of arcing 
was found in^nearly every case. The arcing seemed 
to be concentrated on those transformers which were 
of somewhat'ancient design with small primary 
bushings' insufficient internal clearances, primary 
terminal boards, etc. Tabulation of the results 


other conductors may have a more pronounced effect 
in protecting transformers and fuses against lightning 
outage than previously had been recognized. Thus 
the trouble rate in any area appears to be influenced 
by a combination of the effects of shielding and 
arrester density, each of which contributes its share 
to the final result. * . 

* 

Results of 1931 Study 

While the data for the year 1931 have not been 
studied carefully on account of lack of time, the 
summary in Table II shows a marked decrease in the 
total number of troubles as well as in the trouble 
rate. Again the rate of trouble on prutecte'd trans¬ 
formers is less than half that of the unprotected. 
The marked decrease in troubles is due in part to the 
rebuilding of about 25 per cent of the transformers 
and the removal from the system of most of the small 
transformers built prior to 1910. It should be noted 
that the improvement in operation of the protected" 
transformers in general remains the same a„s in 
previous years even with nearly all the small trouble¬ 
making transformers removed'* from the system. 

• 

Conclusions 
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On the basis of results obtained to date, the follow¬ 
ing conclusions seem justifiable for this system: 

1. Application of lightning arresters to line transformers in areas 
affected by lightning reduces the trouble rate by about 5<3 per cent. 

2. Variation in ground resistance within the values readify obtain¬ 
able in this territory has slight effect on the efficiency of arresters.^ 

3. The value of treating grounds or the installation of multiple 
grounds in an effort to lower resistance is questionable unless t>y so 
doing the resistance can be lowered to about 100 Ohms or less. 

4. Insufficient electrical clearances in the smaller and older trans¬ 
formers are an important source of lightning trouble. Larger bush¬ 
ings and greater clearances are clearly indicated to be necessary, 
features of correct transformer design. 


ARRESTER LOCATIONS PER SQUARE MILE 


indicated that transformers made previous to 1910 
gave several times as much trouble as those manu¬ 
factured since then. Inasmuch as previous to'this 
date high-loss iron for the transformer cores was used 
quite generally, the policy has been adopted of 
eliminating these old transformers from the system. 
All other transformers passing through the shop are* 
rebuilt to increase internal clearances and are 
equipped with modem bushings. • 

• 

Shielding Effect of Structures , 

During. 1030 additional data were obtained which 
indicated that the shielding effect of structures And 
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Fig. ,9. (Left) Variation 
of transformer trouble rate 
with lightning arrester 
density, 1927-30 • 
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Fig. 10, Variation of transformer trouble rate with 
arrester ground resistance, 1927-30 
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transformer fuse and fuse box trouble, and. tbfe 
remainder transformer (bushing, lead, or winding) 
trouble. Similar conditions were found to exist in 
1931 also. Lightning trouble data for these 2 years 
are summarized in Tables III and IV. 

In the light of these experiences, several different 
factors which appear to be of major importance to the 
lightning protection problems as a whole next will be 
discussed. This discussion is based largely upon 
experience in the Philadelphia division, for which 
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JNVESTIGATIONS of lightning 
troubles have been conducted on the distribution 
system of the Philadelphia Electric Company since 
1921. Their purpose has been to determine: (1) 
magnitude and nature of trouble in various localities; 
(2) Mecfiveness of lightning arresters under field 
conditions; and (3) ways and means for improving 
service continuity. Up to and including 1929, 
studies were confined to the Philadelphia division. 
In 1930 they were extended to the entire system 
which includes 6 operating divisions having in service 
approximately 23,000 aerial transformers. 

During the period 1921-29, investigations were 
confined..to the analysis of fuse blowings and trans¬ 
formed failures. Comparisons of trouble on pro¬ 
tected tmd unprotected transformers (reduced to a 
common basis of troubles per 100 transformers in 
service) appeared to indicate that lightning arresters 
were not providing satisfactory protection. This 
was attributed to the relatively high resistance of the 
arrester grounds, which average well over 100 ohms. 

• In 1930, the studies not only were extended to all 
operating divisions of the system but also were 
broadened to include many factors which from past 
experience appeared to be of major importance. 
Also in 1930 these studies were extended to the terri¬ 
tory of the former Philadelphia Suburban-Counties 
Gas & Electric Company, and of the Susquehanna 
Utilities Company. This permitted investigations 
on a* variety of types of distribution systems as 
follows: 

1. 2.3-kv, 2-phase, 3-wire, ungrounded. • • 

2. 2.3-kvi 3-phase, 3-wire, ungrounded, A-connected. • 

3. 4.1-kv, 3-phase, 4-wire, grounded, F-connected. 

4. 6.6-kv, 3^-pliase, 3-wire, ungrounded, A-connected. 

From observations thus far it has been impossible 
to detect any difference in susceptibility to lightning 


Tabic in'—Summary of Transformer Lightning Trouble—1930 

Troubles per 

Transformers * 100 Transformers 

- --- f - . . -. 

No. in Average Total Fuse and Trans- 

Division Service Size, Kva Troubles Fuse Box former Total 

Philadelphia. 8,467.82.8. 230. 1.6.1.2. 2.7 

Eastern.. 4,204. 9.5. 250. 4.2.....1.8. 6.0 

Schuylkill. 3,830. 9.7. 69. 0.6.1.2. 1.8 

Main Line. 3,043.10.7. 220. 5.1.2.1. 7.2 

Delaware . 2,299 . 22.3 . 20 . 0. Or.... 0.9 . 0.9 

Susq. Utilities... 958. 6.0. 275.26.2!_2.5.28.7 

Total System. .22,801 . 19.6.1,064 . 3.Z. _ 1.4 . 4.6 

— - - — 


Table IV—Summary of Transformer Lightning Trouble—193T 

• Troublec per 

Transformers 100 Transformers 

No. in Average Total Fuse and Trans- 

Division Service Size, Kva Trouble Fuse Box former Total 

Philadelphia. 8,321.32.8. 183.1.3.0.9.2.2 

Eastern.....4,581.10.1. 317....,3.1.3.8.6.9 

Schuylkill . 3,863. ... ,10.2 . 190 . 2. 8 ..... 2. 2 . 6.0 

Main Line. 3,197.11.4. .... 221.4.2.2.7.6.V 

Delaware. 2,475.20.3.i... 49.0.2.1.8.2.0 

Susq. Utilities. 1,182 . 6.0.. 96.7.2.0.9.*.. ..8.1 

Total System.. . 23,619.... .19.2.1,056.2.5.. ... .2.0.4.5 

5— -- rr -- —.. 


• more complete information was obtained than for the 
other divisions. 

Size and Age of Transformers 

Trouble was found to decrease with increasing size 
.of transformers (see Fig. 11). The greater trouble on 
small transformers is believed to be due largely to 

(1) small clearances between leads and case, and 

(2) smaller bushings, thus permitting more flash- 
overs at these points with resultant short circuits. 
The age of a transformer appears to have but little 
effect upon its trouble rate except on sizes of 5 kva 
and less; also the newer transformers are less sus¬ 
ceptible to lightning troubles than the older ones. 
Therefore, a reduction in trouble should result if the 
smaller transformers be replaced by larger ones Or by 
ones of like size o^recent design. 


Summary op Lightning Trouble, 1930-31 


‘Arrester anp Fuse Protection 


During 19§0, approximately 5 per cent of the * Analysis of arrester performance) neglecting trans¬ 
transformers on the combined system experienced former size, has shown consistently during the past 5 
Hghtning trouble. Of these, 68 per cent represent years that arresters apparently effected little reduc- 

• • 77 * '••• V ——— '■ : - tibn in trouble. However, the same data, when 

with respect to transformer size, based upon 
n. y„ January 25 - 29 , 1932 . ’ cases of trouble on vanou^ size-groups, indicates tjiat 
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transformers having capacities of 15 kva or less were 
not benefited materially, but that those of more than 
15 kva capacity showed a considerable reduction in 
trouble. (See Fig. 12.) The apparent poor per¬ 
formance of arresters on small transformers may be 
due to the relatively low voltage breakdown of trans¬ 
former leads to case resulting from small clearances; 
the breakdown voltage of the transformer leads may 
approach too nearly that of the arresters. It is be¬ 
lieved this applies particularly to thq older trans¬ 
formers. 

Fuse size has an important bearing upon the num¬ 
ber of fuse blowouts during’lightning storms. In the 



Fig. 11, Fuse and transformer lightning troubles on 
aerial portion of Philadelphia Electric Company 
distribution system (above) compared to number of 
transformers in service (beloy/) « 

n 

Philadelphia division and in the area served by 
Susquehanna Utilities Company these troubles,were 
reduced materially by changing from small to large 
fuses; no appreciable increase in transformer failures 
resulted from this change. Former practise, was to 
prqtect against overload by fusing at 1 amp per kva 
of transformer capacity. At present, fusing against 
short circuit is general practise throughout/the 
system,-. 

Lightning Storm Severity; Shielding « . 

Approximately 45 per cent of the total distribution 
system lightning trouble for 1931, up to September 1, 

October 1932 . 


occurred during one storm (July 14) although there 
were 20 or more other storms during this period. 
This, with similar experience in previous years, indi¬ 
cates the number of storms to be "an unsatisfactory 
measure of over-all lightning severity for any given 
year. At present, practical methods for measuring 
lightning severity are not available. It is desired to* 
stress the need of suitable devices fbr this purpose. 

Regarding “exposed” and “unexposed” locations, 
thus far it has not been found possible to establish 
any satisfactory relation between trouble experienced 
from lightning, and shielding provided by trees, tall 
buildings, or topography. However, it is felt that 
this may be a significant factor, since where shielding 
prevails, less lightning trouble is likely fo result. 

Effect of Ground Resistance 

a 

Theoretically, the lower the arrester ground re¬ 
sistance the greater will be the reduction in surge, 
voltage while the arrester is discharging. This fact, 
together with the favorable performance of arresters 
where ground resistances have been reduced to about 
15 ohms or less on this company’s 13.2-kv lines, is 
largely responsible for the effort directed toward 
improving grounds. 

Measurements of single driven grounds widely dis¬ 
tributed throughout the system indicated an average 
ground resistance of the order of 100 ohms. Accord- 
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Fig. 12. Reduction in distribution system troubles 
effected by primary lightning arresters 


ingly, consideration was given in 1931 to the following 
methods of improving grounds: 

1. Salt treatment 

2. Multiple ground rods. - ’ 

3. Connection to ^ 

4. Connection to secondary circuit grounded neutral.\ * 

Methods 2 and 4 were experimented with as discussed 
in the following paragraphs. * " 


* ’ 

• ' 
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Multiple Ground Ro*ds 

In northeast Philadelphia where lightning trouble 

• was serious, 34§ Installations of ground rods in mul- 
% tiple with existing arrester grounds were completed in 

July 1931. With a maximum of 4 additional rods 
‘ per installation, it was possible to reduce 45 per cent 
of the grounds; many of which originally excelled 
50 ohms, to less than 15 ohms; all were reduced to 
less than 50 ohms. Up to September 1,1931, 8 cases 
of trouble had occurred at these locations. Of these 
8 cases,, 7 occurred where the ground resistances ex¬ 
ceeded 15 ohms. Expressed as troubles per 100 
transformers, these data indicate only 13.per cent as 
much troubleVhere ground resistances were less t ha n 
15 ohms, as where ground resistances were higher 
than that value. However, this experience covers 
buf a very short time and hence the results cannot be 
considered conclusive. 

. Multiple rods were installed also in an area outside 
. of Philadelphia where lightning troubles had been 
even more serious than in the Philadelphia division. 
In that areci 266 installations of multiple rods were 
completed in June 1931. While essentially the same 
reduction in resistance was obtained as in Philadel¬ 
phia, experience in the 2 situations differed to the 
extent that the trouble rate was the same for ground • 
resistances both above and below 15 ohms. This 
apparent difference in arrester performance in the 2 
, areas is believed to be due to the relatively small 
transformers in the area outside of Philadelphia, 
averaging about 4 kva incapacity compared with an 
average of 15 kva in Philadelphia. As previously 
discussed, studies have shown that but little protec- 
tioif can be obtained for the small transformers. 

• • 

Connection to Secondary Grounded Neutral 

• Because of its low cost and added advantage of * 
tending to equalize surge potentials on both primary 
, and secondary sides of transformers during arrester 
discharges, connection between the pritnary arrester 
ground wire and the secondary circuit grounded neu¬ 
tral has been studied. Trial installations of this con- 

• nection,Tiereafter called the “neutral tie,” were com- • 
pleted early in June 1931 at 151 locations, involving 
179 transformers. (See Fig. 13.) For comparative 
results these'were concentrated in an area adjacent to 
where multiple rods were installed in Philadelphia, 

• 811(1 in which lightning trouble had been equally 
severe. The use of the neutral tie was restricted to 
locations where the secondary neutral ground resis¬ 
tance measured less than 15 ohms and where the 
secondary circuit fed 10 or more customers whose 
service neutrals were grounded to water pipes. 

'. FP t0 September 1, only one case of trouble, a 
transformer fuse blowout, occurred at neutral tie . 
locations. This trouble was not accompanied by 
trouble on the secondary circuit or Customers’ equip- . h 
ment. Protected transformers in this area without e 
the neutral tie had approximately the same rate of a 

.° ub t; transformers experienced com c 

; siderable trouble, indicating that this area had been p 
exposed to lightning storms of at least moderate f, 
seventy. Although jthis experience over a short f< 


period of time indicates the feasibility of the neutral 
tie, observations over a long time and with a larger 
number of installations must be obtained before de¬ 
pendable conclusions can be drawn. * 

Analysis of customer meter trouble due to lightning 
during one severe storm indicated less trouble on 
secopdary circuits fed from transformers with the 
neutral tie than on those from unprotected 'trans¬ 
formers. This indicates the neutral tie did not 
aggravate secondary trouble and, therefore, imposed 
no additional hazard on person or property. 

Relation of Primary to Secondary Troubles 

To determine the relative magnitude of primary 
and secondary system troubles during lightning 
storms an analysis of these was made for the un¬ 
usually severe storm of July 14, 1931. Troubles 
occurring during that storm were selected for study 
because there was an unusually large number of them 
and because information concerning them was con¬ 
centrated in the records. Later the troubles during 
this storm were found to constitute approximately 
70 per cent of the total 1931 primary system troubles 


= a 2300 Volt Circuit 

1 Lightning Arrester- 

l? Neutral Tie 

115—230 Volt Secondary 
Circuit Grounded Neutral 


txisting^round 
to Water Pipe at 
-Customer’s Property 


Existing Ground 
to Water Pipe at 
Customer’s Property 


Ground Rodfi 


Fig, 13. Method of interconnecting arrester ground 
wire and secondary circuit grounded neutral; Phila¬ 
delphia division 

in Philadelphia. These troubles together with the 

estimated number rrf rociUfi+in* ^ — • - i ^ 


are summarized in Table V. Correlating the 138 
cases of customers’ meter trouble with the cases of 
primary system trouble, shows that only 2 of the 
foijner occurred on secondary circuits f§d*by trans¬ 
formers experiencing primary trouble. Accordingly, 
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secondary circuit trouble must be due largely to dis¬ 
turbances originating on that circuit. 

It is evident from the causes of customers’ inter¬ 
ruptions that greater over-all improvement in service 
continuity may be accomplished by attacking the 
primary rather than the secondary situation. How¬ 
ever, from the viewpoint of the individual customer, 
interruptions from secondary trouble are equally as 
important as those caused by primary trouble. 
Therefore, efforts shoiild be directed, alsp toward 
reducing the secondary troubles. 

Analysis of Customer-Hour Interruptions 
♦ 

Primary circuit and individual transformer inter¬ 
ruptions exceeding 5 minutes in duration throughout 
Philadelphia and suburban divisions in 1931 to 
September 1 were analyzed to determine the rela¬ 
tive magnitude of (1) those during lightning storms 
and those during other periods; and (2) those due 


4 % 

Table V—-*Primary and Secondary Trouble and Estimated 
Customer Interruptions Due to a Severe Lightning Storm 

Number Estimated 

Classification of Trouble of Customer * 

Cases Interruptions 

" - .— . a - 

Primary System (2.3 kv) 


Transformer fuse and fuse box. 80.4,140 

Transformer winding. 30. 1,800 

Transformer lead. 27. 1,820 

Primary wires down. 27.16,200 


, 163 23,760 

Secondary System (115/230 volts) 

Customers’ service fuses blown. 1,200. 1,200 

Cusomers’ defective apparatus, appliances, cords, 

and wiring... 300. 300 

Meters damaged. . 138. Nt8 

Outside (external to ^ervice connections).. 90.* * 90 

Service pipes.... 2..*.... 2 


sizes must be recognized when analyzing arrester performance. 
Observations over 5 years show little benefit from arresters when 
considering transformers of all sizes collectively. However, taking 
size into account, these same data indicate that arresters afforded 
little benefit to those of 15 kva and less capacity, but substantial 
benefit to the larger sizes. * ’’ 

3. Many factors influence lightning trouble on distribution systems. 
It is important to consider all of the major ones if reasonable coil- „ 
elusions are to be reached-. Also, to permit comparisons with other* 
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CLASSIFICATION 
OF TROUBLE 
Customer 

Errors 

Station 

Miscellaneous 

Unknown 

Transmission 

O.D.E. 13.2/2.3 Kv. 
Transformers 

Underground 

Distribution 

Aerial Distribution “ 
Equipment -1 

Aerial Distribution 
. Wire 


(Figures Above Blocks Indicate Number of Interruptions) 


BX 
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].' 

as 12 


INDIVIDUAL TRANSF. 


TOTAL 


. 6-10 


u 


11 


10 


Cable 

failure 


16 


Pothead 


UK 


23 


Unknown 


960 


fuses 


Trouble During' 
Periods Excluded 


Other 


Total Customer- 


During 


Electrical Storms 


During Other Periods 


1202 


Hour Interruptions-308,625 


132 


0 20 40 60 $0 100 

PERCENT OF TOTAL CUSTOMER-HOUR INTERRUPTIONS 


Fig. 14. Estimated customer-hour interruptions^due 
to primary distribution system outages for the first 8 
months of 1931; estimates are for Philadelphia and 
suburban divisions * .. 


___ * 1,730 _ 1,730 

* For Philadelphia division only; excludes service lost due to circuit inter¬ 
ruptions at substations. m 

directly to lightning disturbances and those due to 
other causes, such as‘wind, trees, etc., during light¬ 
ning storms. Results of this analysis are shown in 
- Fig. 14 where interruptions are expressed in customer -1 
hours and classified according to charactef of trouble. 

, These results show that (1) of the customer-hour 
interruptions exceeding 5 minutes from all causes, 
more than 80 per cent occurred during ligh tning 
storms;, and (2) of those during fightfling storms, at 
least half are due directly to lightning disturbances. 
It appears, therefore, that protection of distribution • 
systems against lightning is of major importance in 
bettering service continuity. 

Summary and Conclusions 

From the foregoing experience, the following con 
elusions are reached: 


studies, it is important to have data reduced to a common basis % 
One method is to compare performance per 100 transformers. ? 

4. Because of the many factors involved, it has not been possible 

thus far to determine whether there is a®material difference in 
susceptibility to lightning trouble on grounded and ungrounded 
systems. . 

5. Low ground resistance, which theoretical and field studies show 
to be essential to effective arrester performance, may be obtained at 
low cost by connecting the arrester ground wire to the* secondary 
circuit grounded neutral; however, where this is done, secondary 
neutrals should be grounded effectively. Limited field experience 
shows that this method furnishes satisfactory protection against 
transformer failure without introducing additional troubles on the 
secondary system. 

6. m Customer interruptions from trouble on the primary system far 

exceed those from trouble on the secondary system. Therefore, 
major improvement in service continuity can be accomplished best 
by attacking the primary situation. However, service reliability as 
measured by the customer is independent of the source of trouble, 
and consequently improvements on the secondary system cannot be 
neglected. - 

7. The number of customer interruptions of a duration less than 6 
minutes greatly exceeds those of more than 5 minutes. HoweVer, 
based upon customer-hour interruptions, the latter greatly exceeds 
the former. 

8. The majority of customer-hour interruptions from all causes 
. occur during electrical storms. Of these, this study shows that at 

1 _LL.fA__ JI_J.1_ _ 


1. Ann ua ll y about 5 per cent of the 23,000 aerial distribution 

transformers experienced trouble in some degree due to lightning. 
Small transformers have been found more susceptible to lightning dis¬ 
turbances than large ones. As far as practicable, the larger trans¬ 
formers should he used, or the older units replaced with more regent 
ones of the same size. • 

2. 'Differences in susceptibility between transformers of different 

October 1932 '* : 


9. In the interest of improving service continuity, lightning protec- 

i • -i . >i: . .x? _ »•... • . . « • 4- - if - * ..i.- 


and can be justified economically only from this point of view. 
Minimizing inconveniences to customers, although of intangible 
vajjte, nevertheless is highly important and should be carefully 
considered when establishing policies and practise in solving the 
lightning protection problem, * 


' * 
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Kaplan Turbines at 

e 

Safe Harbor Hydroelectric Plant 


One of the numerous features of more than 
usual interest of the Safe Harbor hydro¬ 
electric development is the use of Kaplan 
turbines having automatically adjustable 
blades. This type of turbine is used in all 
of the 6 units of the initial installation, 
each rated at 42,500 hp under a rated head 
of 55 ft. Engineering studies in connection 
with these units required the construction of 
.a rjew hydraulic laboratory for testing 
model*turbines. 


tory in tjiis .country in which cavitation tests could 
be made led to the construction of such a laboratory 
tit Holtwood, Pa., adjacent to the Holtwood hydro¬ 
electric plant. ' 

^ '■ 

Why Kaplan Turbines'Were Adopted 

During the early engineering studies an investiga¬ 
tion was made of the various types of turbines 
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, . I ANY new and interesting prob¬ 

lem^ arose in connection with the design and* 
installation, of the Safe Harbor turbines. As in any 
pioneering development of this magnitude, an un- 
^ usual amount of experimental and engineering study 
.was necessary involving not only the hydraulic and ’ 
mechanical- design of the plant but affecting the 
structural and electrical design as well. 

, khffted experience in this country with propeller 
type turbmes caused the Safe Harbor management to 
ieei that certain important operating and engineering 
mformation was essential to justify a large expendi- • 
Sf?'? comparatively new type of turbine. 
This feehng was mtensified by the fact that the 
manufacturers had to build wheels considerably 
J*™* 1 bad . been T>uilt before. Furthermore, 
each of the various manufacturers had offered Tor 
consideration several different designs for which no 
comparative data as to cavitation limitations Were 
available.. 

P° wer house structure depended 
t0 Ovation of the turbine 
The position of the runner with respect to 
the tauwater elevation would affect materially the 
power rating of the turbine an limited by cavitation; 
Obviously the economics of the power house sub-, 
fracture and excavation could be determined only 
^^the ^ower hmifa of the various runners were 
known. The absence of a hydraulic testing labora- 

10-13,1032. tWO Dlstnct Baltimore, Md.. Qct&ber 


•PERCENTAGE OF FULL LOAD 

Fig. 1. Comparative efficiencies of 3 types of turbines 

•?( 5 ?°' hp tur f? ines operating under a head of 38 ft, adjustable 
btede propeller running at 164 rpm., fixed blade propeller, 

• 150 rpm; Francis turbine, 100 fpm 

. • 

suitable for the Safe Harbor development which has a 
relatively loft operating head, limited storage, wide 

fluctuations inriver flow and operatinghead, and where 

peak load rather than base load is of prime importance. 

Appreciable savings in the r cost, of power house 
structures were found possible by using the propeller 
type of turbine of either the fixed or adjustable blade- 
type. Further savings in the cost of the electric 
generators were obtainable with propeller tur bines . 
because their higher speeds permitted the use of 
smaller aqd consequently lower cost generators and 
direct connected exciters. (See “Hydraulic and 
Electrical Possibilities of High Speed, Low Head 
Developments/’ by Jessop and Powel, A.LE.E. 
Tr^ns., v. 50, 1931, p. 114-9.) 

The automatically adjustable blade propeller - 
turbine has certain additional advantages over the 
fixed bjade propeller type: It has a high efficiency 
.over a greater range of loads (see Fig. 1); it can be 
operated considerably above its normal power rating 
for short periods of time without an appreciable loss 
m efficiency; it has materially greater output when 
operating under reduced heads; it is more stable 
lghen operating at part loads. However, on acco un t 
of the additional' mechanism required for blade 
^plan turbines are more ^expensive, 
both in first post and inthaintenance. 

'■ -: Electrical 35nginbbring 




. The final decision to use Kaplan turbines in all of 
the initial units, rather than using 1 or 2 Kaplan units 
and fixed blade propeller turbines for the others 
resulted frdm a consideration of the operating 
requirements of this plant. 'With a run-of-river 
’ plant such as Safe Harbor where the maximum dis¬ 
charge of the initial 6 units will be approximately 
50,000 cfs, which flow is available for only about 3 

* months an an average year, the plant obviously will 
operate as a peak load plant for the greater part of 

«. the time. Such operation involves rapid changes in 
load. During extreme low-flow seasons, when tha 
reservoir will be drawn down on a periodic schedule, 
ther$ will be a wide variation in the operating head 
on the plant. When the normal river flow is less 
than the usable flow through the plant, water is 
valuable and high operating efficiency at part load is 
desirable, for water thus saved replaces steam capacity 
as well as steam energy on the system. 

High part-load efficiencies are particularly im- 
^ portant on a system where the spare capacity may be 
carried at thejhydro plants. Furthermore, the Safe 
Harbor plant soon will be the point of interconnec¬ 
tion of several major electric systems and undoubt¬ 
edly there will be periods when split bus operation 
will be expedient. With such operation Kaplan 
turbines are the more economical. Maxinyim ef-, 
fidency at full rated load is not essential, since during 
low river flow rated output would be required for but 
short periods, while at high river flow, when there is 
an abundance of water, effidency is not important. 
Maximum output for short periods*and particularly 
during flood conditions when the back water ma¬ 
terially reduces the operating head at the plant is of 
particular value. Maximum operating economy«and 
flexibility could best be obtained by using turbines 
all of the Kaplan type. Certain further advantages 

* always accrue through the use of a Single size and 
type of unit in any plant as it requires a minimum of 
spare parts to be carried, and minimizes hazards 
from operation and maintenance. 

f 

Description of Unit 

* A cross section through one of the Safe Harbor « 
turbines is shown in Fig. 2. The rutfner of the 
% turbine is 220 in. in diameter and has 5 blades. 
These blades can be rotated about a horizontal axis 
from approximatdy a horizontal position |or no load 
operation, to an angle of 30° for niaximum loads. 
The throat ring is spherically shaped to permit this 
movement with a minimum of dearance between 
blades and ring, reducing the amount of leakage* 

* Operating mechanism for changing the blade angle 
position is located in the hub and hollow shafting of 
the wheel. Each blade is connected through a link 
to a main head in the runner hub which is connected 
by an inner shafting to a large “servo-ihotor ■ ’ located 
just below the unit thrust bearing. Oil pressure 
obtained from the main governor system is carried 
to this servo-motor through the “Kaplan’head” 
(on the top of the generator shaft) from the operating 
valve shown at the right of the main unit. An 
actuating* rod connects the wicket gate operating 
ritfg with this valve to maintain a definite pre- 

October 1932 . 
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determined position of runnetf blade for each wicket 
gate opening. The Correct relationship between 
gate opening and blade angle was found from tests, 
and is maintained by a spedally shaped cam infer- 4 
posed in the actuating rod between the gate operating 
ring and the runner blade operating*valve.. This * 
cam can be changed, readily for variations in operat- • 
\ng s head inasmuch’as to maintain best efficiency 
requires a different relationship for each head. 

The intake section of the unit has a "horizontal 
floor constructed at the same elevation as the river 
bottom in the forebay; side walls are parallel and the 
roof is bell shaped at the entrance. The center line 
of the turbjne was offset from the center line of the 
intake 2.0 ft for reasons discussed later. The elbow 
draft tube has a V-shaped roof toward the discharge 
end, and an appreciable angle of upturn in the hori¬ 
zontal leg to reduce to a minimum the amount of 
tailrace excavation. 

n 

Holtwood Hydraulic Laboratory 

•» 

•!> 

The hydraulic test laboratory at Holtwood, Pa., 
was designed for testing model turbines 16 in. in 
diameter (approximately 1 / J4 the size of the actual 
Safe Harbor units) with complete wheel setting and 
water passages including intake, scroll case, wheel 
casing, and draft tube, under a range in test head 
varying from 4 to 60 ft. For cavitation tests the 



Rg. 2. Cross-section through a,$afe Harbor turbine 
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draft head may be varied from approximately 10 ft 
pressure bead to 10 ft suction bead. A cross-sec¬ 
tional view of tbe laboratory may be seen in Fig. 3. 

# Tbfe maximum head at the Holtwood plant is 
slightly less than 60 ft, but since, for cavitation tests 
it is necessary to vary the suction head over a wide 
range while holding the total head the same, it was 
found impossible to get the desired range of heads by 
* using th$ available drop between the Holtwood fore- 
bay and tailrace. A high-head tank therefore was 
built, mto which water can be pumped to an eleva- 
,tion approximately 20 ft above the normal level in 
the ^Holtwood forebay, for which purpose a 20,000- 
gpm constant-discharge pump is used. The water'in« 
excess of the amount required in the laboratory is by¬ 
passed back mto the Holtwood forebay by means of a 
.sluice gate operated by remote control from the 
•mam laboratory. By manipulating this sluice gate 
y desired fore^ay elevation may be quickly ob- 
. Earned and held constant. From this tank the water 

S?^K thr ° US ^t. a i 36 / 111, P enstock to the pressure 
chamber in the laboratory. After entering, the 

water njust pass through a series of baffles which 

# eddies an d insures uniform ve- ' 

loeity distnbution as the water approaches the intake 
passages of the turbine. The pressure chamber was 
comnW silently large to accommodate the 
w eel setting. Water passes from the 
. draft tube mto a vacuum chamber, so called because 
a vacuum pump connection permits operatfflg tffis 

required. The water finally discharges through* a 

or^vlh 6 % the , bottom of ffie vacuum chamber, 
or .may be allowed to enter the chamber above the 

eIevation Se it 0t w^ e i wide f. an f required in tailwater 
election, it was impractical to use a Weir regularlv • 

for measuring the laboratory discharge A 36 xl ^ in' 

was tSnp^stSr 

Srfr^ g ^ * w f ter flow > connections to this Ven- 


Fig. 3. Longitudinal section of 
—( J | Holtwood hydraulic laboratory 

an electric dynamometer mounted ornthe laboratory 
floor above the pressure chamber, rated at 300 hp 
when used as a generator, but also designed to de¬ 
velop 225 hp for operation as a motor for proposed 
pump tests. This dynamometer was designed spe- 
* cially for this installation and is the first one ever 
made for vertical mounting. Electrical output 
from the dynamometer is dissipated in grid resistors. 

To facilitate the study of cavitation, the laboratory 
was laid out to permit visual observation of the water 
flowing in the'draft tube just below the model 
runner. This has been accomplished by installing 
small glass windows in the tube. A chamber -around 
the*„draft tube affords a point of observation for 
watching*the formation of cavitation°and the general 
behavior of w^ter in the vicinity of the runner. 

Cavitation JDimit of a Turbine 

i P5 evious Jy stated it is of utmost importance to 
place the turbine runner at the. proper elevation with 
respect to the tailwater surface. If any type of 
r waterwheel is too high above the tailrace, the vacu um 
formed un^er the runner blades may cause cavita-' 
tion, which can result, in addition to a serious loss of 
efficiency, in the destruction of the runner and draft ' 
tube by pitting. Pitting is probably due to a 

combination of. erosive and corrosive action. 

Cavitation starts when the absolute pressure at 
any point m the water column approaches the vapor 
pressure of the water, which pressure is, of course, 

vacuum. In propeller turbines 

° f the wate T . 1S m ^imtun and conse- ' 
quently the pressure minimum where the water 
passes through the runner. The exact location of 
muumum pressure depends upon the runner design. 

If this . low. pressure is below the vapor pressure at 
any pomt along the blade surface, the water will have 

l^ enC ? t0 ?^ ave .J?l e surface of blade forming a 
TOid, such voids will be filled quickly with a mixture 

of water vapor and air removed from the adiacent 
™ b y^old boiling.” The surf ace of separation 

u4T en + t! he fl0W1 ?. g stream ^ d the eddying region 
left by the separation may be shown theoretically to 
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be essentially unstable; hence, sudden breakdowns 
of the cavities rapidly recur, having the effect of 
continuing explosions, resulting in intense hammer 
action in th& pores of the metal. Eventually such 
action erodes the surface of the runner blades. 
In addition to this erosion it is probable that oxygen, 
which is released readily from solutions at very low 
presstfres accumulates along the surface of the runner 
blades, and attacks the steel surfaces, especially 
where the metal has been attacked previously by 
erosion. 

Cavitation can be practically eliminated by setting* 
the runner sufficiently below the tailwater level to 
insure that the minimum pressures along the blade 
surfaces are well above the vapor pressure. For 
economic reasons it is important to determine ac¬ 
curately the maximum elevation at which the r unn er 
may be set so as to reduce to a minimum the ex¬ 
pensive excavation work for the draft tube and 
tailrace. 

Tests on a ''complete model of the Safe Harbor 
intake, scroll c^se, wheel setting, runner, and draft 
tube were^made to determine within close limits the 
highest elevation at which the runner could be set 
without danger of serious cavitation for the maxi¬ 
mum turbine power desired. Fig. 4 shows the" 
results of a typical test made for determining the 
value of draft head at which cavitation starts. 
Efficiency, power, and discharge of the turbine have 
been plotted against a coefficient called 2 (sigma). 
The term 2 first introduced by Professor Thoma of 
Germany is derived as follows: 


Theoretically cavitation starts when the absolute pressure on the 
runner is equal to the vapor pressure of water; therefore 



H b - Hi, - ^ = H v 


where 
H b « 


( 1 ) 


Barometric pressure in feet of water at «the surface of the 
tailwater 

Ho = Draft head (elevation of runner minus elevation of water 
surface in tailrace) ' -> 

2 = Coefficient 

V* » , , 

5 1 - = Velocity head at the blade surface 

H„ = Vapor pressure of water * 

V* 

5 - vanes directly with H% the total net head on the runner. 

« 

Therefore eq. 1 may be written a 

H b - p D - H, 


2 = 


Hr 


( 2 ) 


Laboratory procedure in determining the cavita¬ 
tion limit for a definite blade angle and gate opening 
was to start with a high tailwater elevation and make 
a series of tests with gradually decreasing tailwater 
level maintaining for each series a constant total- 
head and a constant speed. The value of 2 at 
which efficiency* and discharge were found to break, 
was taken as the cavitation limit for that particular 
speed, head, and gate opening. Similar tests were 
made for each combination of head, gate opening, 
and blade angle. From the results it was possible to 
• predict the cavitation limit of a model runner for 
various operating combinations of draft head and 
total head. From an operating standpoint it was 
essential to establish the limits of power’output for a 
wide range in both draft head and total heads.* 

* . * 

Model Tests of Draft Tube Design 


* Correlated with the study of the cavitation limits 
of a turbine, and the economics of determining the 
proper runner elevation, is the problem of draft tube 

’ design. A draft tube with the shortest vertical, 
section usually will be the least expensive, as mini-’ 
mum excavation will be required not only under the 
power house substructure but also in the tailrace 
below the power house. A review of European 
experience together with theoretical considerations 

* of water velocities through a Kaplan runner.led to a 

* decision in favor of an elbow type of tube. 

Each of the turbine manufacturers submitted 
alternate designs of elbow tubes, all of which were 
tested in the Holtwood laboratory with the Safe 
Harbor model runner, to obtain comparative data on 
the relative efficiencies and operating characteristics. 
These tubes differed in the following general features 
of design: • 

ft' 

1. Angle of flare in the vertical section just below the runner. 

2. Length of the vertical section (distance between centerline of 

runner and lowest point of the tube). ' * 

3. Location and area of the draft tube "throat.” 

4. Shape and angle of divergence near the discharge*end of the 
horizontal section. 

The final design chosen (see Fig. 5) was determined 
not only from a consideration of the maximum 
efficiencies obtained, but alsQ with due regard to the 
shape of the horsepower-efficiency curves, in order to 
obtain a curve as flat as possible for each blade angle 
position thereby eliminating, any possibility of 

A A . ■ ' 
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instability resulting from sudden changes in load. 
An appreciable amount of excavation was saved by 
turning the whole tube upward through an angle of 
9*» it was found that this could be done without 
sacrificing either efficiency or power. 

. 

Model Tests of Scroll CaseJDesign 

<■ r • 

A series of scroll case tests were made in the 
laboratory, before deciding upon the final design, to 
determine whether any advantage is realized by 
offsetting the centerline of the runner shaft from the 
center line of the intake, thereby increasing the cross- 
sectional area of the scroll and reducing.the velocity 
of the water. The results indicate that if for the 
unit spacing used at Safe Harbor, a speed ring with a 
relatively large diameter was used, a quite notice¬ 
able saving in efficiency and power could be ob¬ 
tained; if, however, the fixed guide vanes of the 
speed ring were of narrow proportions and the speed 
ring of smaller diameter, no improvement was found 
in ejther*effi.ciency or power. 

Scroll cases of the Safe Harbor turbines were 
designed eccentric, however, even though the speed 
rings* were of relatively small diameter. This de¬ 
cision was made to permit maximum flexibility in the 
design of the wheel settings for all future units of the. 
plant. 


units slightly beyond the point where cavitation 
started in the laboratory, and study carefully the 
effect on the runner blades and draft tube. 

Dming the first few months of (Operation the 
turbines were inspected about every 2 weeks. Now 
that the plant has been in operation some time, these 
inspections are made about every 6 weeks on each 
umtf It has been found that on certain portions of 
the runner blades paint was removed. In addition a 
small area on both the top and bottom blade surfaces 
at the leading edge near the periphery seemed to be 
subject to local cavitation. Minute hollows and 
reversals in curvature' attracted cavitation, and 
eventually pitting took place. However, by slightly 
reshaping the leading edge of the blade so that it was 



Power ,and. Efficiency Tests 
*.► 

Comparative power and efficiency tests on each 
„ °f 1; he numerous turbine designs submitted were 
made at the Holtwood laboratory, all tests being 
made with a complete turbine setting, including 
intake, scrQll^ase, End draft tube. These tests were 
made und§r a head approximately equal to the field 
head at Safe Harbor (about 50 to 55 ft) and in each 
case were conducted in the presence of a representa- * 
tive of the manufacturer whose runner was under 
test. At the completion of the tests the; manufac¬ 
turers were given the opportunity to revise their 
guarantees of power and efficiency on their respective 
turbines. Some of the guarantees for the final Safe 
r Harbor'units are shown in Fig. 6 • 

.Curves givw the results of a typical test are 
shown in Fig. 7. The range in values of ® covered 
a var iation in head of from 32 to 60 ft 
although the actual, testing was done under a con- 
, st ant head and varying speeds. Tests were made? at 
various blade angles to obtain an envelope curve 
representing the maximum efficiency obtainable for 
the proper operating relationship between blmie 
angje and wicket gates; as previously described 
thjs relationship.is maintained on the actual units by 
r me 3155 0 a cam 111 the blade operating mechanism. 

Field Tests * 

“”5? Properly adjusted and 
operating to give the best possible effieipiirv 

numerous field tests and inspections were planned’ 

A. small amoufit of cavitation probably is peanisab> 
smce^the steel blades of the t&binenreSS 
resfctant; therefore * was deddSl to 
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1 

2 
3 

A 

5 


Depth 
A B 

14.32* 17.5* 
15.5* J8.25* 
16.44* 19.44* 
17.56* 20.38* 
11.75* 15.0* 


Fig. 5. Various modifications of the Safe Harbor 
draft tubft studied at the Holtwood laboratory 

Dimensions are for the model tube 
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so 


V ' ^ making an exceedingly gradual transi¬ 
tion from the nose to original blade surface from 6 to 
8 m. back from the leading edge, this local cavitation 
was largeiy ehminated. This area probably always 
wffi be susceptive to cavitation, and consequently it 
is of the jpeatest importance to have a yery smooth 
surface, free from reversals in curvature, ^ne unit 

V* ; f .=v : . *•*•*.**' ‘ i .. . . 
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was held at a power output limit well below the 
point where cavitation started on the model. The 
paint erosion on this unit was less than on the other 
units, but the local pitting was of about the same 
magnitude, and in the same place. 

On the underside of the blades near the trailing 
edge, an area has been attacked by slight cavitation 
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Fig. 7. Typical efficiency cuives computed from test 
results on a model turbine; blade angle 22° 

$ is the ratio between peripheral speed of the runner and 
spouting velocity for the head in question 


of a magnitude sufficient to remove the paint, but as 
yet there is no indication of pitting. It is interesting 
to note that rust has covered these areas in spite of 
the cavitation. 

To establish the most efficient relationship between 
gate opening and blade angle, it is not necessary to 
measure the actual efficiency or discharge; it was 
decided to establish this relationship by the use of an 
index method. At various points m the scroll case 
and on the -wheel setting 7 piezometers were installed 
during the construction of the plant. At the time of 
the turbine efficiency tests these piezometers will be 
calibrated and a meter ultimately will be installed 
to integrate as well as indicate the discharge through 
the turbines. It is proposed to have a meter on each 
unit. A totalizing meter will be installed in the 
control rogm*to indicate the total discharge through 
the-plan*. • * «• * 


Methods of testing hydroelectric units commonly 
used in this country have been found inadequate on 
most low head developments where large quantities 
of water are to be measured, because of the shortness 
of the approach passages to the unit. In Europe, 
current meters have been used for many years in 
making efficiency tests, and have been found par- 
ticukrly well adapted for use on lpw; head develop¬ 
ments. Several turbine efficiency tests have been 
made in this country with current meters, but on such 
tests only a few meters were employed; the results 
usually have been of doubtful accuracy. It was 
decided at Safe Harbor to follow the European 
method of making current meter tests and to employ 
the Ott meter so generally used abroad.* 

One difficulty encountered in making current 
meter measurements is the time required to traverse 
the area of the metering section properly. It was 
found that a great many metering points would be 
necessary for each horizontal traverse. Therefore 27 
current meters of the spoked-wheel type were pur- ’ 
chased; these were mounted in the same horizontal 
plane on a rack made of stream line rods. •> I'his rack 
can be lowered in the gate slots,to any desired eleva¬ 
tion for obtaining a vertical traverse. 

It was recognized that the Ott spoked-wheel 
a current meter consistently under-registers for angular 
. flow. The metering section at the gate slots is just 
at the end of the bell-mouth so that there obviously 
would be considerable angular flow near the top of 
the metering section. To obtain accurate measure¬ 
ments in that area, 27 conical screw propeller current 
meters were purchased and mounted on thff same 
current meter rack 6 ft above the spoked-wheel- 
meters. It was found that the difference between 
"the indicated velocities of these 2 types of meters 
increased uniformly with an increase iff the angle of 
flow; thus for a given difference in observed velocity 
’on the 2 types of meters the true angle of flow could . 
be determined readily and a proper correction could * 
be applied to obtain the true velocities passing the 
metering section. 

Conclusions 

<* • 

The test program conducted in coordination with 1 
the plant design has resulted in numerous improve¬ 
ments in operating performance, has effected savings 
in # construction costs, and has permitted a more 
complete study of the behavior of the Safe Harbor 
units. Such a program eliminated to a large degree 
the necessity of relying too greatly upon the limited 
field experience available? No little part of the 
success of this program depended on the close co¬ 
operation of the engineers of the 2 turbine manu¬ 
facturers who for the first time in hydroelectric 
development in America, jointly developed and 
manufactured turbines of identical design -whereiij. 
practically all replaceable parts are interchangeable. 

The first 6 months of actual performance indicates 
that the prediction of the cavitation limits for the 
turbines based upon the laboratory model test 
results are reasonably cldse, although a longer* period 
wil} be necessary to establish definitely a close correla¬ 
tion between laboratory and, field results. 
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Vancouver Convention 


Mi 

Upholds Coast Reputation 


A, 


THE OCCASION of his first 
formal public appearance as president of 
the A.I.E.E., H. P. Charlesworth opened 
the 21st Pacific Coast convention of the 
Institute at the Hotel Vancouver, Van¬ 
couver, B. C., Tuesday morning, August 30. 
1932. r r 

Preceding Mr. Charlesworth was Mr. 
W. G. Murrin, president of the British 
Columbia Electric Railway Company, Ltd., 
who was introduced by the convention 
chairman, G. R. Wright. Mr. Murrin 
stressed the great value and importance to 
human welfare of the free and wide inter¬ 
change of technical knowledge concerning 
the practical application of the fruits of 
scientific'^research, regardless of interna¬ 
tional* or selfish boundaries. Qf the 3 com¬ 
mon m£dia of such exchange—direct corre- 
^ spondence, the technical press, and the per- 
sonal contacts and discussions possible only 
through conventions and technical meet¬ 
ings—the speaker urged increasingly serious 
attention to the fatter. 

In his brief response of appreciation for 
the official welcome, Mr. Charlesworth 
r , referred to the remarkably rapid advances 
that have been made in science and engi¬ 
neering expressing the belief that further 
progress is inevitable. Citing from the 
broad field of .electrical engineering such 
examples as the modem facilities in trans¬ 
portation by land, sea, and air; in com¬ 
munication by wire and by radio; and in 
' the applications of electric power devices 
tfiat 'constantly are reducing the drudgery 
of factory, office, and home, the speaker 
pointed out that all of these must of neces¬ 
sity have a profound effect upon our daily 
life. In consequence, engineers, individu¬ 
ally and collectively were pointed out as hav¬ 
ing in addition to obvious technical duties, 
a very real and human responsibility in socio¬ 
logical matters ranging all the way from 
local civic interest to national government. 

A* pleasant surprise to all, and a fitting 
tribute to the unremitting year-long efforts 
«• of the committees in charge, was the atten¬ 
dance of 300 persons. Every Section in the 
•far-western. Districts was represented as 
were also 13 out of the 14 Student Branches. 
In addition to President Charlesworth, 
Institute officers present included vice- 
presidents A. W. Copley of San Francisco, 
Calif., Q. R. Higson of Salt Lake Ci$y, Utah, 
and L, B. ChuBbuck of Hamilton, Ont., 
C anada . The attendance is analyzed in an 
accompanying tabulation. 

* 
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Technical Sessions 

The te chnical sessions featured the 14 
papers listed on p. 519 of Electrical 
Engineering for July 1932, each paper 
drawing its share of discussion. They were 
divided among 4 sessions devoted in general 
to power generation; transportation, elec¬ 
trical machinery, and metering; station 
apparatus; and communication and power 
transmission! Presiding over these meet- 


Table I—Analysis of Attendance at 1932 
Pacific Coast Convention 

Location 



Van- 

Dist. 

Dist. 



Classification 

couver 

No. 9 

No. 8 

Mi$c. 

Totals 

Members. 

. 66.. 

...41. 

...21.. 

• • 7.. 

..135 

Men Guests.., 

. 69.. 

... 4. 

• • • 2,. 

.. i,. 

.. 00 

Women Guests 

. 28.. 

. .'.16. 

• • R' 

• • 3.. 

..59. 

Students...... 

. 16., 

...11. 

...lb. 

..3.. 

.. 40 

Totals.. 

.169., 

...72. 

...45.. 

..i£.. 

. . 300 


ings, respectively, were A. W. Copley, JJ. V. 
Carpenter (past vice-president), L. B. 
Chubbuck, mid C. R. Higson. 

In addition to the foregoing, 2 student 
sessions were held, one with the gavel In the 
hand of F. C. Carmen, chairman of the 
University of Utah Branch, and the other 
under the directiorr of W. D. Hudgins, 
chairman of the University of California 
(Berkeley) Branch. At these sessions the 
following papers were presented: 

Electrical Properties of Hardened Copper, 

A. j. Hill and Homer Lambldn, Montana State 
College. e r 

Steam Versus Electric Drive for Sawmill 
Operation, E. A. Buckhom, Oregon State College. 

Electrical Reflections in A-C Machinery, 
D. J. Moore, University of Washington. 

Comparison of Two Methods of Calculating 
a Transmission Line, Duane Olney and N. A. 
Miyota, Washington State College. 

Effect of Atmospheric Conditions on Corona * 
Loss, Victor Siegfried, Stanford University. 

Short Circuit and Aroing Characteristics of 
Renewable Link Cartridge Fuses, Louis Beyha 
and Oliver Jesson, University of Southern Cali¬ 
fornia. ' , 

A Stroboscopic Device for Studying Rotary 
Motion, Kenneth Nielsen and W* S. Nishiyama, 
University of Utah. 

Investigation and Application of the Ultra- 
Short Waves in Radio, jT H. Russell and J. A. 
O’Neil, University of Santa Clara. 

The Parallel SType Inverter, Wilson McRae, 
University of British Columbia. 


A Timing Instrument for TranSbnts, Suit¬ 
able for Measuring Time Lag of Spark-Over, 
Abe. Tilles, University of California. 

The Design op an Efficient Amplifier 
Coupled to an Antenna, Sydney Sillitoe, Uni¬ 
versity of. Alberta. Read by H. Freedman, Uni¬ 
versity of British Columbia. 

Attendance ait all technical sessions 
averaged by actual count well in excess of 
100. The delegates and guests were in¬ 
vited to. a special luncheon meeting of the 
Vancouver Electric Club to hear the address 
of Capt. E. A. Wheatley, registrar of the 
British Columbia Association of Professional 
Engineers, concerning the importance to 
engineers of their cooperating effectively in 
the control and application of engineering 
education. 

. * 

Student Activities f 

In addition to the technical sessions 
already mentioned the Enrolled*, Students 
and their Counselors were the feature 
participants in a luncheon meeting held 
Tuesday, August 30, and a dinner at the 
University of British Columbia immediately 
preceding the annual student conference 
held there at 8 p.m., September 2, with Dr. 
J. H. Hamilton, counselor, University .of 
Utah Branch, presiding. The meeting was 
opened by brief addresses by President H. P. 
Charlesworth and Vice-President A. W. 
Copley of the Pacific District, both of whom 
emphasized the importance of student ac¬ 
tivities in the further development of the 
Institute. 

Of the 14 Branches in Districts 8, 9, and 
10, eight were represented by their coun¬ 
selors and chairmen, and each of the others 
was represented by either the counselor or 
the chairman. * Branch counselors present 
induded: J. C. Clark, Univ. of Arizona; 
R. W. Sorensen, Calif. Inst, of Tech.; L. E. 
Reukema, Univ. of Calif.; N. C. Clark,' 
Univ. of So. Calif.; J. H. Johnson, Univ. of 
Idaho; J. A. Thaler, Montana State Col.; 
E.C. Starr, Oregon State Col.; J.H. Hamil¬ 
ton, Univ. of Utah; O. E. Osbum, State 
Col. of Wash.; G.R. Shuck, Univ. of Wash.; 
and E. G. Cullwick, Univ. of British Co¬ 
lumbia. 

The Branch chairmen present induded: 
Bruce Watkins, Univ. of Arizona; M. S. 
Hodge, Calif. Inst, of Tech.; W. D. Hud¬ 
gins, Univ. of Calif.; J. H. Russell, Univ. 
of Santa Clara; R. R. Moore, Univ. of 
So. Calif.; G. W. Dunlap, Stanford Univ.; 
R. S. Stokan, Montana State Col.; R. J. 
Mather, Oregon State Col.; F. C. Carmen, 
Univ. of Utah; and P. W. Hand, State 
Col. of Wash. 

Some of the topics of discussion ware the 
■desirability of the selectioh of the dates of 
future Pacific Coast conventions in order 
to secure Labor Day railroad rates, traveling 
expenses allowed for the„ conferences on 
student activities, and methods of providing 
for doser cooperation between- the Uni- 
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varsity of British Columbia Branch and the 
Branches in the North West District. The 
vice-presidents of the Pacific and North 
West Districts were requested to appoint a 
joint committee to consider these matters 
and prepare recommendations. 

Much interest was exhibited in the st»- 
dent technical papers presented at the con¬ 
vention, and there was a discussion regard¬ 
ing the» mimeographing, and advance dis¬ 
tribution of the papers prepared for future 
convention. 

* 

Entertainment 

The social program, delightful in»its sim¬ 
plicity and satisfying in its variety, was 
opened formally by the reception for Pres- 
dent > Charlesworth, with a subsequent 
dance held Tuesday evening. Women’s 
events included trips to various points of 
interest, an afternoon’s outing in Van¬ 
couver’s famous Stanly Park featured by 
tea and a pitch-and-putt golf tournament, 
and a bridge tea held Friday afternoon. 
Winners of golf prizes were Mrs. C. Arnott 
of Vancouver, B. C., and Mrs. H. O. Blair 
of Tacoma, Wash.'} Mrs. H. V. Carpenter 
of Pullman,.Wash., won p. special prize for 
making a hole-in-one on her initial round. 

•» A 4-hour boat trip with dinner served 
aboard drew 188 men and women out 
Wednesday evening in spite of rainy 
weather. "‘The trip was made on the Cana¬ 
dian Pacific steamer "Princess Norah.” 
The convention dinner held Thursday even¬ 
ing also proved to be an attractive affair, 
there being some 240 persons in attendance. 
President Charlesworth in addressing the 
banqueters briefly recalled one of the prin¬ 
cipal motives of the Institute as being "the 
advancement of the theory and practise of 
electrical* engineering and its allied arts and 
sciences, the maintenance of a high pro- ' 
fessional standing aihong its members, and 
the development of the individual engineer.” 
In this connection he emphasized how well 
the Institute’s conventions in general and 
the Vancouver convention in particular 
functioned to maintain this underlying 
principle of development regardless of 
political boundaries. In part he said: 
"We are indeed advancing effectively the 
theory and practise of electrical engineering 
^ through the interchange of information ...; 

* also we are aiding the professional standing 
and development of our individual engi- 
„ neers.. . . Not only professionally but also 
personally do we gain from these meetings.” 

Concerning the much talked of matter of 
the engineer’s place in our general social- 
economic Structure, Mr. Charlesworth said 
in part: Whether we are concerned 

with* research, engineering, education, or 
any other branch of the profession, it is 
evident.... that we cannot but be called 
upon to play an even greater part in the 
problems attendant upon the application 
of the results of our work, and, in fact, in the 
general affairs of society. If we recognize 
these opportunities, and individually and 
collectively do our full share, and if we fully 
appreciate that we cannot approach these 
problems alone ns engineers, but rather 
collectively with all other groups of society, 
we shall not only make a real contribution 
to the solution of some of the difficult prob¬ 
lems now confrdhting our individual coun¬ 
tries and the*world in general, hut jre shall 


have enhanced materially the prestige of our 
profession.” •» 

Following Mr. Charlesworth’s address the 
amateur dramatic dub of the British 
Columbia Electric Railway Company clev- 
erly enacted a little skit entitled "The 
Mayor and the Manicure.” Prizes for 
Institute papers as announced on p. 418 of 
Electrical Engineering for June 1932, 
were presented by President^Charlesworth; 
the presentation of golf prizes brought the 
evening’s affair to a close. 

Ot^er activities for men induded sight¬ 
seeing and several splendid inspection trips, 
the most popular or^e being the trip to the 
new Ruskin hydrodectric plant of the 
British Columbia Power Corporation. The 
annual golf tournament drew 54 registrants 


from among the Golfers and the near-golfers. 
With the play at the Shaughnessy Heights 
Golf Club the aspirants were treated to a 
course not especially sporty, but replete with 
long holes and strategically located traps in 
great profusion. The F«ken Cup, prized 
Pacific Coast trophy named for John B. 
Fisken of Spokane, Wash.’, was won by, 
J. E. Underhill (A’29) of Vancouver, B. C., 
scofe: 98 - 30 = 64 ne,t. Mr. Underhill 
stated that he was as astonished as were 
his competitors; he never befor^had broken 
100. Other winners were: Prof. E. G. 
Cullwick (A’26), G. K. Haspal (M’31), 
J. A. Tames (A’27), and S. Anderson of 
Vancouver; G. I. Wright (M’28) 0f Phila- 
ddphia, Pa., low gross (88); C. R. Higson 
(M’32) and Prof. J. H. Hamilton (A’28) of 


Mercury Arc Rectifier Substation of Pleasing Design 


Two additional mercury arc rectifiers, each of 1,500-kw. capacity, have been placed 
in service by the Los Angeles Railway Corporation in its new Slauson substation. The. 
rectifiers are provided with complete automatic control. Both the extenor and interior 
designs of this substatidn are deserving of attention. Architectural features to harmonize 
well with other buildings in a residential district are incorporated in thd building. One 
continuous switchboard provides the control for the 2 .General Electric rectifiers, 4_a-c 
16,500-volt: incoming lines, 4 a-c tie breakers, 4 power transformers each rated 1,500 
kva 16,500-935 volts, and 12 d-c feeders each rated 6Cfl) volts, 1,200 amp. This control 
board is particularly interesting in that it provides automatic, supervisory, and manual 
control—whichever may be*desired. j 
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A Power Plant in Central Africa 



MODERN power plant differing considerably from those found in the United States 
is illustrated above. It is owned by the Ndola Electricity Undertaking; Ndola, Northern 
Rhodesia, Africa, and is located in the heart of the Northern Rhodesian copper belt. The 
photograph was supplied by D. W. V. Ellis (M’32), manager and engineer, Ndola Elec¬ 
tricity & Water Undertakings. 


Salt Lake City, Utah; J. J. Little (A’22), 
Prince Rupert, B. C. (158). Successful in 
estimating themselves into the kickers hat 
and lucky in having their names drawn 
feterefrom were Joseph Hellenthal (M’23) 
of Seattle, Wash *"C. F. Norburg (A’28) of 
Spokane, Wash., and M. Legge of North 
•Vancouver, B. C. 


District Meeting „ 
at Baltimore Impends 

Shortly after this issue of Electrical 
Engineering goes to press the Institute’s 
Middle Eastern District meeting will be 
held in Baltimore, Md., October 10-13, 
1932, with headquarters in the Lord Balti¬ 
more Hotel. A report of this meeting is 
scheduled for the November issue, and a 
summary of the discussions on the Balti¬ 
more meeting papers will be presented as 
soon as they ate made available by the dis¬ 
cussers. To be considered for publication 
discussions should be written and mailed to 
the A.I.E.E., editorial deportment, 33 West 
39th fjtreet. New York, N. Y., on.or before 
October 28, 1932. 

TJie program of the Baltimore District 
meeting was announced in Electrical En¬ 
gineering for September 1932, p. 663-4, 
and abstracts of all papers then scheduled 
for presentation at the meeting were also 
given in fee September issue, p. 659-62. 

n 

* 

Institute Affairs Discussed 

* 

at Vancbuver Convention 

A luncheon of Institute, District, and 
Section executives, and Student Counselors, 
was held in fee Italian room of the Hotel 
Vancouver on August 31, 1932, in connec¬ 
tion with the Institute’s recent Pacific Coast 
convention at .Vancouver, B. C. C. R. 
Higson (vice-president District 9) acted as 
chairman of the meeting, and after con¬ 
gratulating the local convention committee 
on their arrangements for this convention, 
briefly discussed the 1934 Pacific Coast 
convention. He called attention to the 
fact that the board of directors of the Insti¬ 
tute had approved the recommendation 
made during the 1931 convention that fee 
1933 convention be held at Salt Lake City, 
Utah. The local members under the leader¬ 
ship of B. C. J. Wheatlake have Jjegun their 
plans for the convention. 

A. W. Copley (vice-president District 8) 
San'nFrandsco, Calif., stated that the board 
ofi directors will decide in January 1933, 
the location of the 1934 Pacific Coast con¬ 
vention, and moved that this meeting 
recommend to the directors that the 1934 


He also said that Dr. Frank B. Jewett 
(past-president) had reminded him feat the 
German electrical engineers this year are 
celebrating the sixtieth birthday of Dr. 
Carl Von Siemens, and had suggested that 
the convention send a congratulatory cable-* 
gram to Doctor Siemens. It was moved, 
seconded, and unanimously carried that 
H. H. Henline, acting national secretary, be 
requested to send this cablSgijim. 

The publication in Electrical Engi¬ 
neering of papers not published in fee 
Transactions was discussed, and a motiftn 
was carried that Electrical Engineering 
be requested to publish fee paper "Metaring 
of Symmetrical Components” by G. R. 
Shuck, which the technical program com¬ 
mittee had recommended be not published 
by the Institute. 

After further discussion of the value of 
Student sessions and fee recommendation 
that close cooperatfon between Student 
Branches and Sections is highly desirable, 
the meeting adjourned. 


Nomination of 
1933 Institute Officers 

Actions specified in fee Institute’s consti¬ 
tution and bylaws relative to the organiza- « 
tion of a national nominating committee are 
being taken, and the meeting of the national 
nominating committee for the nomination 
of officers to be voted upon at the election 


The sections of the constitution and 
bylaws governing these matters are quoted 
below: 

Constitution 

28. There shall be constituted each year a national 
nominating committee consisting of one representa¬ 
tive. of each geographical district, elected by its 
executive committee, and other members.chosen by 
and from the board of directors not exceeding in 
number the number of geographical districts; all 
to be selected when and as provided in the bylaws; 
the national secretary of the Institute shall be the 
secretary of the national nominating committee, 
without voting power. 

29. The executive committee of each geographical 
district shall act as a nominating committee of the 
candidate for election as vice-president of that 
district, or for filling a vacancy in such office for an 
unexpired term, whenever a vacancy occurs. 

30. The national nominating committee shall 
receive such suggestions and proposals os any 
member or group of members may desire to offer, 
such suggestions being sent to the secretary of the 
committee. 

The national nominating committee shall name on 
or before December 15 of each year, one or more 
candidates for president, national treasurer, and the 
proper number of directors and shall include in its 
ticket such candidates for vice-presidents as have 
been named by the nominating committees of the 
respective geographical districts, if received by the 
national nominating committee when and as pro¬ 
vided in the bylaws; otherwise the national nomi¬ 
nating committee shall nominate one or more 
candidates for vice-president(s) from the districts) 
concerned. 

Bylaws 

Sue. 22. During September of each year, the 
secretary of the national nominating committee 
shall notify the chairman of the executive com¬ 
mittee of each geographical district that by Novem¬ 
ber 1 of that year the executive committee of each 
district must select a member of that district to 
serve as a member of the national nominating 
committee and shall, by November 1, notify the 
secretary of the national nominating committee 
of the name of the member selected. 

During September of each year, the secretary of the 
national nominating committee shall notify the 
chairman of the executive committee of each geo¬ 
graphical district in which there is or will be during 
the year a vacancy in the office of vice-president, 
that by November 15 of that year amomination for 
a vice-president from that district, pjpde by the 
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carried unanimously. 

Pres. H. P. Charlesworth offered his con¬ 
gratulations to those responsible for the 
technical and student sessions and the 
entertainment features, commenting specifi¬ 
cally on the featuring of student activities. 

, . . • . . . •• •• •• m 


in the Spring of 1933 will be held between 
November 15 and December 15, 1932. All 
suggestions for fee consideration of the 
national nominating committee must be 
received by the secretary of fee committee 
at Institute headquarters, New York, N. Y., 
not later than November 15,1932. 
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district executive committee, must be in the hands 
of* the secretary of the national nominating com¬ 
mittee. 

Between October 1 and November 15 of each year, 
the board of directors shall choose 5 of its members 
to serve on the natqpnal nominating committee and 
shall notify the secretary of that committee of the 
names so selected, and shall also notify the § 
members selected. 

The secretary of the national nominating committee 
shall give the 15 members so selected not less than 
10 days’ notice of the first meeting of the committee, 
which shall be held not later than December 15. 


At this meeting, the committee shall elect a chair¬ 
man and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next 
election. All suggestions to be considered by the 
national nominating committee must be received 
by the secretary of the committee by November 15. 
The nominations as made by the national nominat¬ 
ing committee shall be published in the January 
issue of Electrical Engineering, or otherwise 
mailed to the Institute membership during the 
month of January. 

• ( Signed ) H. Hbnlinb, 

October 1, 1932. * Acting National Secretary 


Summarized Review of 

Some Pacific Coast Convention Discussions 


Principal discussions of the Pacific 
Coast convention papers are summarized 
herewith. The papers to which these dis¬ 
cussions refer were abstracted in Elec¬ 
trical Engineering for August 1932, p. 
583-6. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discussion, to¬ 
gether with all approved papers, will be 
published 4n the Transactions. 

Reading Company’s Philadelphia 
Suburban Electrification 

A. J. Schoch (Philadelphia, Pa.) dis¬ 
cussed this subject and corroborated the 
attainments brought out in the paper as a 
result of electrification. He called atten¬ 
tion to the simplicity and ease of erection 
and maintenance of the 2 -wire catenary 
system which experience has shown results 
in a quality of current collection better 
than that obtained from the usual com¬ 
pound catenary systems. He referred also 
to the improvements made in the car 
equipment. Aluminum alloys were used in 
the non-stress carrying members, and by a 
careful location and arrangement of equip¬ 
ment underneath the car, the original in¬ 
stallation was not only simplified but the 
job of inspecting and maintaining the 
'equipment was made much easier. 

# Electrical Operation 

on the Great Northern Railway 

W. F. Coors (Tacoma, Wash.) discussed 
in connection with this subject several 
troubles encountered on the electrical 
equipment of the Milwaukee Road which 
were due to unexpected moisture conditions 
affecting insulation. One of these troubles 
occurred when under certain weather 
conditions the depression in the top of the 
traction motor frame housings for recessing 
the field pole capscrew heads filled with 
snow. Later when the traction motors 
warmed up at work, the snow would melt 
and the resulting water ran through the 
bolt holes into the traction motor cases, 
usually causing field coil insulation failures. 
This trouble was prevented by filling the 
recesses with battery sealing compound. 

G. H. Walken (Seattle, Wash.) briefly 
but interestingly outlined the electric sys¬ 
tem of this electrification and the terms for 


purchasing power which include an increase 
in the demand charge when 13,000 kw 
is exceeded. It is of interest to note the 
method by which this demand is limited. 
This was accomplished by equipping each 
locomotive unit with an indicating am¬ 
meter visible to the engineman and con¬ 
nected in the circuit to the synchronous 
motor of the motor generator set. Tests 
were conducted to determine the demand 
for various ^readings on the ammeter for 
each type of locomotive unit. The results 
were tabulated and given to the train dis¬ 
patchers who in turn when dispatching 
trains assign a load limit to each locomotive 
unit on the line for any given period of 
time. This the dispatcher does by giving 
orders to the engineman not to exceed so 
many amperes between certain locations 
or at certain times. This method of power 
limitation ha^ been used without undue 
handicap „to schedules and it has resulted 
in a considerable saving in power costs. 
TlSe discussion was supplemented with data 
on power consumption and traffic, together 
with 4 reproduction of an actual train sheet 
and load diagram. 

Another discussion on this subject by 
R. T. Strong (Seattle, Wash.) drew atten¬ 
tion to the distinction that must be made 
between the terms "locomotive unit” and 
"locomotive.” The latter term designates 
one or more locomotive units operating to¬ 
gether." Mr. Strong then illustrated the 
importance of selecting locomotive unit 
sizes so as to obtain the greatest flexibility 
combined with maximum standardization. 
It also was illustrated with data given in 
the paper and from the histiky of most rail¬ 
way electrifications that train weights 
originally specified by the railways rarely 
have been adherred to. The discusser 
believes that electrical engitseers laying out a 
new railway electrification should keep tins 
tendency in mind and leave an ample margin 
•in the design for increases in train weight. 
In connection with the condensation diffi¬ 
culties described in the paper, Mr. Strong 
explained 2 additional causes contributing 
to high temperatures iq the tunnel. These 
were the presence of warm springs within the 
tunn el and tha heat thrown off by the chemi¬ 
cal action of the setting of newly poured 
concrete. He believes, that difficulties with 
the locomotives are due entirely to conden¬ 
sation within the cabs, and«not to snow or 
water drawn in fifom the outside. 


Corona Loss Measurements 

In connection with this subject W. S. 
Peterson (Los Angeles, Calif.) presented 
and analyzed a theoretical formula modified 
by empirical correction td’fill the need for 
some method of calculating corona loss 
for the lower values of losses as well As the • 
highpr values. In the development of the 
formula the corona less was considered to 
be that due to charging current flowing 
radially through the corona envelope. The 
drop in voltage through the envelope was 
assumed as being $he integral of the poten¬ 
tial gradient from the point where the gradi¬ 
ent in air exceeded 53.6 kv per in. effective 
values, to a point on the conductor at some 
higher value. Instantaneous values of 
current and voltage were used, and for the 
portions of the cycle at which the voltage 
is too low to cause air breakdown, no loss 
was assumed to occur. The discusser ex¬ 
plained that the formula evolved from this 
theory and further empirical corrections 
had served quite well to give accurate curves 
for practical engineering purposes. Ex¬ 
cellent agreement also has been, obtained 
with a great variety of tests. • 

■* 

Triple Harmonic Equivalent Circuit in 
3-Phase Power Transformer I&nk:s 

P. W. Blye (New York, N. Y.) in dis¬ 
cussion of this subject cited his experience 
with tests on transformers similar to those 
made by the authors. These tests cor¬ 
roborated their general conclusion fljiat at a 
given excitation or over a narrow range of 
excitation, the equivalent T network de¬ 
scribed in the paper presents" a simple and 
accurate method of dealing with triple 
harmonics arising in 2 -winding transformers. 
However, the discusser did not agree with 
several points brought out ip the paper in¬ 
cidental to the general concMsions. For 
example, the statement in the paper that the 
total leakage impedance as measured by the 
usual short-circuit method was found to be 
considerably in error as compared to the sum^ 
of the individual leakage impedances used 
in the equivalent circuit and observed at 
normal excitation by the delta-opened-delta 
method. He also recalled certain cases 
where the leakage impedance associated 
with one winding of a 2 -winding transformer 
actually had been found to increase slightly 
with increasing excitation. 

A. Boyajian (Pittsfield, Mass.) in his dis¬ 
cussion of this subject referred to the appli¬ 
cation of a single equivalent circuit for bank 
No. 3 in Fig. 6 of the paper. He explained 
that this circuit was not applicable both for 
the currents produced by E» and for those 
produced by Ej. He believed that a single 
equivalent circuit to satisfy these condi¬ 
tions would have to be of the 6 -link type 
which is very difficult to construct and use. 
It was felt that the good results claimed by 
the authors with the use of a single 3-link 
equivalent circuit seemed to imply that in 
the case under consideration the 2 equiva- ' 
lent circuits did not happen to differ ma¬ 
terially from one another. . 

Another discussion by H. V, Carpenter 
(Pullman, Wash.) considered the magnetic 
conditions existing during the tests;-it was 
explained that if 3 single-phase transformers 
were used, each phase would have its own 
independent magnetic core; if one type of 
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3 -phase transfonner were-used, the 3 flux 
paths would be partially but not wholly 
independent; while if the other type were 
£sed, any flux passing through one core 
must return through the other 2. In this 
latter case the third harmonic flux would 
find no return path; so it would seem likely 
that the 3 different conditions would give 
somewhat different results. 

•D. I. Cone (San" Francisco, Cal.) dis¬ 
cussed this subject and it is his belief that 
despite the number of published articles, 
there still is need for the presentation of 
methods for quantitative prediction of the 
behavipr of given networks. He bdieved 
this paper is a helpful contribution toward 
filling that need. In reference to Fig. 16 
he felt that k was most encouraging to 
observe that even at the resonance point, it 
was practicable to predict the approximate 
magnitude of the third harmonic current. 
In conclusion, he suggested as a desirable 
extension of this study, others that would 
concern the distribution of triple harmonics 
in 3 -winding transformers and associated, 
lines. 

E. G. Cullwick (Vancouver, B. C.) in his 
discussion 6 f this paper questioned the 
authors’ statement thatcthe harmonics in 
the exciting current of a transformer are 
produced by voltages of like frequency pro- 
duped in the transformer itself, due to the 
action of the steel core. He explained that 
due to the varying reluctance of the iron 
core, the magnetizing current necessary to 
produce the flux would not be sinusoidal, 
but would contain strong third and higher 
odd .harmonics. To represent these har¬ 
monic? in an equivalent circuit, it is logical 
to replace the varying impedance of the 
transformer by a constant impedance and a 
generator of odd harmonics, but the dis¬ 
cusser did not believe it was accurate to 
state that the Jmrmonics were actually due 
to electromotive forces generated in the 
transformer windings. 

Segregation of Hydroelectric 
Power'Costs 

* 

J. S. Moulton (San Francisco, Cal.) dis¬ 
cussed this subject in regard to the con¬ 
clusions in the paper that assuming that a 
plant could be constructed to operate at 
100 per*cent load factor, the base cost per 
Jrilowatthour would be the energy cost of 
service,. and that the additional cost in¬ 
curred by reason of less than 100 per cent 
load factor operation would be the demand 
cost of service. The discusser felt that the 
first of these conclusions was in reality a 
premise upon which the validity of much of 
the balance of the paper depended. He 
pointed out that it is equally correct to 
assume that the costs involved can be 
expressed upon a per kilowatt basis. The 
desirability of considering base costs as 
demand costs of service rather than an 
energy cost of service is illustrated by Fig. 7 
of the paper and shows that with a fixed 
' generating capacity installed, if the average 
kilowatts fall below 100 per cent load factor, 
the cost per kijowatthour increases. From 
a rate making standpoint, if the output of 
such a plant is sold upon a kflowatthour 
basis and upon the assumption, that the 
plant will operate at 100 per cent load factor, 
and conditions change so that it operates at 
less than this load factor, it is'obvious that 
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at the fixed price per kilowatthour the total 
plant cosls will not be met. On the other 
hand if the capacity is sold upon a kilowatt 
basis, then the total plant costs will continue 
to be met regardless of how the load factor 
may vary. 

Factory Assemblies for 
Substation Design „ 

J. S. Moulton (San Francisco, Cal.) dis¬ 
cussed this subject also and reported that 
the average life of transmission switchboards 
in place on a certain system was 14.4 years. 
The average life for® distribution switch¬ 
boards was 13.2 years. The transmission 
switchboard account included high voltage 
oil circuit breakers, disconnecting switches, 
switch structures and miscellaneous appur¬ 
tenant equipment. The distribution ac¬ 
count included oil circuit breakers of an 
operating voltage of 11 kv or below, and 
otherwise was similar to the transmission 
account. As most of the equipment was 
relocated and some of it was moved several 
times during its life, the discusser suggested 
that serious study should be given to ways 
of increasing the capacity of existing ap¬ 
paratus so as to eliminate rdocation if not 
abandonment. Study also should be given 
to ways of reducing the amount of installa¬ 
tion labor, which mu$t be written off in the 
case of a change in lpcation. 


Section Activities for 
Fiscal Year Summarized 

As part of an effort to distribute as 
widely as possible the bet&ff$s of affiliation 
with the Institute, a plan*was formulated 
in 1902 to organize local groups of Institute 
members in electrical centers. Since that 
time the activities *of these Sections have 
expanded very rapidly, and with the forma¬ 
tion of a Montana Section authorized by 
the Institute’s board of directors on June 
24, 1931, the number of Sections was 
brought up to 60. Approximately 80 per 
cent of all Institute members now are within 
Section territory. 

Section activities fbr the fiscal year ending 
April 30, 1932, were normal, and programs 
included a wide variety of interesting and 
important subjects. Despite the unfavor¬ 
able business conditions, the number of 
applications for admission received from 
Section territdHes during the fiscal year 
was more than 94 per cent of the correspond¬ 
ing number for the preceding fiscal year 
(1,209 and 1,280, respectively). Many of 
the Sections hawe appointed committees to 
study the qualifications of their members 
and to urge those who are fully qualified 
for a higher grade to submit their applica-* 
tions for transfer. * 

Arrangements ma’de in recent ^ears 
involving interesting developments in ac¬ 
tivities were contiqjied in effect. Notable 
among these are: the 2 joint; meetings 
of the Pittsfield and Scheneatady Sections 
each year for the presentation of papers by 
younger members in competition for prizes; 
the practise of Sections to have programs 
supplied largely by their members; tiie 
effective public speaking instruction spon- 


Table I—Section Meetings Held During Yfear 
Ending April 30,1932 
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Madison. 
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Philadelphia. 
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121. 
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78.. 
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.110. 

.137 

Rochester... 

108.. 

103. 
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.170 

St. Louis.,..). 

246.. 
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. 8. 

.317. 

.124 

San Antonio. 

66.. 

65. 

. 8. 

. 67. 

. 88. 

San Francisco. 

484.. 

460. 

. 9. 
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33.. 
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466. 
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Seattle . 

228. . 

218. 

.10. 

. 93. 

. 43' 

Sharon .. 

114. . 

Ill 

9. 

.173. 

.166 

Southern Virginia. . 

91. . 

85. 

. 3. 

• 65 m 65 

Spokane... . . 

47.. 

46. 

. 9. 

. 42. 

. 91 

Springfield, Mass... 

91.. 

99. 

. -9. 

.460. 

.464 

Syracuse . 

67.. 

68. 

. 3. 

.206. 

.301 

Toledo. .. 

72. . 

87. 

\13. 

.272. 

.312 

Toronto. ... 

398. . 

388. 

A6. 

.137. 

. 36 

Urbana ......'. 

37.. 

36. 

. 7. 

. 86. 

.236 

Utah....... . 

62. . 

58. 

. 9. 

. 46. 

. 79 

Vancouver. ........ 

90.. 

91. 

.12. 

. 50. 

. 55 

Washington. . 

176.. 

183. 

. 7. 

. 92. 

. 50 

Worcester... 

61., 

61. 

. 9. 

.146. 

.239 

Total.... .. .60. .14,596.. 

14,410 





Total number of meetings........ 497 

Total attendance,.. J,106,325 
♦Organized September 12, 1931. 


sored by the New York Section; special 
joint meetings with students in several 
Sections; the lecture cotixses sponsored by 
the Chicago Section; and local prize com¬ 
petitions held by mafiy" Sections. * The 
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.Cleveland Section distributed with the 
notice of its December meeting a question¬ 
naire designed to learn in considerable 
detail the wishes of its members with respect 
to the types <& meetings to be held in the 
future. The suggestions received are ex¬ 
pected to be of material aid in the planning 
of meetings for this coming year. 

The group (power, transportation, com¬ 
munication, illumination) activities of the 
Chicago *tnd New York Sections were 
continued with excellent * results. The 
Chicago Section and other local engineering 
organizations continued the arrangements 
for post-college education of. engineers 
as begun in 1929. A review of these 
activities was published on p. 280-1 of the 
ApriTl932 issue of ElecTrical Engineer¬ 
ing.* 

Resolutions were adopted by the board 
of directors October 23, 1931, urging the 
Sections to consider organizing engineers’ 
unemployment relief committees in coopera¬ 
tion with other engineering groups. A large 
number of the Sections participated in the 
formulation and execution of plans directed 
toward making work and furnishing finan¬ 
cial assistance to engineers in need for whom 
positions could not be secured. A review 
pf these efforts and their results is contem¬ 
plated for an early issue of Electrical 
Engineering. 

In the fifth annual report on Section and 
Branch activities covering the fiscal year 
ending April 30,1932, considerable informa¬ 
tion concerning meetings is given. This 
information is presented herewith in Tables. 
I and II. 


Table ll-^Section Meetings Held During Last 
3 Fiscal Years 


Fiscal Tear Ending April 30 


1930 


1931 


1932 


Number of Sec¬ 
tions. 66 .. 66 . . 60 

Number of meet¬ 
ings held. 480 .. 461 .. 467 

Average number „ 

of meetings. 8.6.. 8.3.. 8.3 

Total attendance..84,727 .. 108,623 .. 105,326 
Avg. attendance 

per meeting.... 177 .. 221 ,. 212 


Branch Activities for 

Fiscal Year Summarized 

* 

The interest in the Student Branch 
activities which has been so marked for the 
last 2 or 3 years is still as alive as ever, as 
evidenced by the number of meetings held 
and the large number of student papers 
delivered. There is no doubt that this 
form of activity of the Student Branches, 
if continued, is destined to produce elec¬ 
trical engineers who can write good tech¬ 
nical papers and present them clearly and 
effectively. 

The committee on Student Branches, 
in addition to giving electrical engineering 
students training in the activities of the 
Institute while, they are still, in college, 
has been forking'for the past year on the 
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problem of improving the grade of the 
student who applies far courses in electrical 
engineering in the educational institutions. 
For the purpose of encouraging those who 
should go into electrical engineering, and 
to discourage those who are unfitted for 
such a career, the committee prepared a 
32-page booklet. Following a preliminary 
distribution of this bookl^f:, requests for 
about 9,000 additional copies were received. 


Table I—Branch Meetings Held During Year 
Ending Xpril 30,1932 


Branch 


Meetings 
During rear & 

- g 

• ■s’S 

8 S 33 

s I *- 

l il if 


Akron, University of. 

* 8* • • • 

12 

Alabama Polytechnic Inst. 

.13.... 

18 

Alabama, University of. 

. 9.... 

161 

Arizona, University of. 

.28.... 

8 

Arkansas, University of. 

.15.... 

29 

Armour Institute of Tech. 

.12.... 

50. 

British Columbia, Univ.'of. 

.12.... 

24 

Brooklyn, Poly. Inst, of. 

. 8.... 

53 

Bucknell University. 

.10.... 

18 

California Institute of Tech. 

• 0» • • • 

49. 

California, University of... 

.15.... 

40 

Carnegie Institute of Tech...... 

. 4.... 

38 

Case School of Applied Science.. 

.7.... 

56 

Catholic Univ. of America. 

. 6 .... 

36 

Cincinnati, University of....... 

. 6...'. 

89. 

'Clarkson Col. of Technology.... 

. 9.... 

36 

Clemson Agricultural College.... 

.12... 

34 

Colorado State Agr. Col. 

. 0.... 

19 

Colorado, University of.. 

.15..,. 

50 

Cooper Union....-». ^.... 

. 3.... 

49. 

Cornell University. 

. 4.... 

42. 

Denver, Uhiversity of. 

.18.... 

29 

Detroit, University of. 

« 8.«• • 

55 

Dvexel Institute. 

. 9.... 

21 

Duke University.. 

. 8.... 

17 

Florida, University of... 

.12.... 

52 

Georgia School of Technology... 

. 7.... 

74 

Harvard University.. . 

. 8.... 

71 


.11 
. 7 
. 3 
.17 
.39 


.17 

.11 

. 6 


Notre Dame, University of....... 14., 

Ohio Northern University. 8.. 

Ohio State University.. 8.. 

Ohio University. 8.. 

Oklahoma A. & M. College..18.. 

Oklahoma, University of.8.. 

Oregon State College. 8.. 

Pennsylvania State College....» . 8.. 

Pennsylvania, University of.. 

Pittsburgh, University of....32.. 

Pratt Institute. v 14.. 

Princeton University. 4.. 

Purdue University. 7.. 

Rensselaer Polytechnic Inst. 6?. 

Rhode Island State College.. 18.. 

Rice Institute.16.. 

Rose Polytechnic Institute... 8.. 

Rutgers University. 6.. 

Santa Clara, University of.10.. 

South Carolina, University of... .22.. 
So. Dakota State School of Min«s.. 8.. 

South Dakota, University of.2.. 

Southern California, Univ. of... .24.. 
Southern Methodist Univ........ 10.. 

Stanford University.11.. 

Stevens Institute of Tech.11.. 

Swarthmore College. 1.. 

Syracuse University.24.. 

Tennessee, University of.11.. 

Texas, A. & M. College of.10.. 

Texas Technological College. 8.. 

Texas, University of.9.. 

Utah, University of;.12.. 

Vermont, University of.11.. 

Virginia Military Institute.12.. 

Virginia Polytechnic Inst.18.. 

Virginia, University of. 3.. 

Washington, State College of.13.. 

Washington University. 6.. 

Washington, University of.18.. 

West Virginia University.16.. 

Wisconsin, University of. 7., 

Worcester Polytechnic Inst.2.. 

Wyoming, University of..*12.. 

Yale University. 2.. 


. 200 . 
. 31. 
36. 
34. 
28. 
31. 
49. 
60. 


.26 
. 3 

! 4 
*.17 
. 4 
. 5 
.17 


.116. 
. 38. 
. 9 . 
.161. 
.127. 
. 19. 
. 24. 
. 43. 
.<* 18. 
. 86 . 
. 36. 
. 36. 
. 23. 
. 28. 
. 31. 


,28 
.11 
. 3 
. 2 
. 7 
.20 
.12 
. 6 
. 6 
. 2 
.27 
. 2 


. 3 


.. 29.... 6 

.. 42_2 

.. 86 ...? 1 
.. 31....37 

.. 71_4 

..128.... 12 

.. 17_10 

a . 26. . 7 

.. 41_10 

.. 20_4 

.. 67-43 

.. 4f)r ... 43 

.. 16_ 6 

• • 36. y • 8 


31. 

28. 


1 

4 


.. 29....90 

.. 68_ 7 

.. 29.... 1 
14.... 10 


•b 


3(1. 


. 6 
.27 
. 1 
. 8 


Idaho, University of.. 

Illinois, University of. 

Iowa State College. 

Iowa, State University of.... 

Kansas State College.< .18. 

Kansas, University of.... ^.11. 

Kentucky, University of. 8. 

Lafayet?e College...... ......... 9. 

Lehigh University. 5. 

Lewis Institute...12. 

Louisiana State University..4. 

Louisville, University of.9. 

Meilne, University of..... . ^. 6. 

Marquette University...8. 

Massachusetts Inst, of Tech...... 11. 

Milch. Col. of Mining & Tech..... 8. 

Michigan State College....12. 

Michigan, University of......... 12. 

Milwaukee, School of Engg. of .T. 7. 

Minnesota, University of.....8, 

Mississippi State College.... . .... 4. 

•Missouri School of Mines&Met...10., 
Missouri, Unitersity of.......... 8., 

Montana State College.. v ...... 25.. 

Nebraska, University of.....11., 

Nevada:, University of ,.......... 6., 

Newark Col. of Engineering...., .13., 

New Hampshire, Univ. of........ 19., 

New Mexico, University of....... 10.’ 

New York, Col. of the City of.. . .16. 
New York University.... .. .. . ..11.. 

North Carolina State College..... 9. 

North Carolina, University of.,,, 6.. 
North Dakota Agr. dollege..., ..10. 
North Dakota, University of.. . . .14. 
Northeastern University..,,..... 4., 


•»•• 6., 32. 
,,,.16.... 65. 
•,•■ 8...,127■ 
.»* .22.... 56. 
.. 52. 
.. 57. 
... 40. 
.. 38. 
.. 00. 
.. 07. 
.. 20. 
.. 17. 
.. 20. 
.. 60. 
.. 91. 
.. 29. 
.. 22 . 
.. 71. 
..104. 
.. 51. 
..28. 
. . 44. 
.,92. 
..110. 
. . 45. 
.. 82 . 
.. 50. 
.. 35. 
..18. 
., 38. 
.. 15. 
,. 31. 
’.. 30. 
..49. 
.. 18. 
.. 78. 
•’ * 


... 3 
... 2 
... 6 
...15 
... 0 
♦ • • • • 
... 4 
... 3 
... 6 
... 4 
...25 
...10 
... 9 
... 5 
... 8 
... 7 
... 4 
... 3 
.. .12 
.. .10 
... 6 
... 3 
... 5 


Total. •.... .109.*...1,000 

Total number of meetings. . 1,136 

Total attendance.54,197 


Table II—Branch Meetings'Tdeld During Last 
3 Fiscal Years 


Fiscal Year Ending April 30 


1930 


1931 


1932 


106 


109 


...5 
... 1 
... '8 
... 4 
2 

...13 
... 7 
...99 
... 6 

'.'.'.'lb 
...21 
.. .6 
... 2 
...17 
... 7 

11.13 
—10 


Number of Branches 106 
Number of meetings • 

held. 1,009 .. 1,137 .. 1,136 

Average number of 

meetings. 9.5.. 10.4^. 10.4 

Total attendance.. .50,401 ..51,807 ..54,197 
Average attendance 

per meeting. 50 .. 46 .. »48* 

Number of student 

talks. 844 ..1,086 ..1,006 


Table III—Summary of Monthly Reports on 
Branch Activities Appearing in the November 
to June Isaes, Inclusive, of ELECTRICAL 
ENGINEERING of the Last 5 Academic 
Years #• 


1927 1928 1929 1930 1931 
-28 -29 -30 -31 -32 


No. of Branches Jan. 1.. 65. .100. .'104.. 107..109 
Avg. no, of Branches re¬ 
porting meetings per « 

month............... 58.. 50. . 60.. 67.. 68 

Avg. no. of Branches re¬ 
porting student talks 

per month. . 24.. 30.. 35.. *39.. 36 

Total no,of meetings.. .807. .806. .891. .957. .956 
Total nio. of student 

talks,.... ,V........640, .767. .893. ,960, . 919 


» 


739 
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Table IV*—■CamparUon of Branch Activities 
• by Districts 



1_13?... 9.5-42.5.... 8.7....4 

2.. ..18.... 8.3....51.3....10.7. ...5 

3 _8_10.3-37.8.... 7.3....4 

4 ...17_9.8. ...47.-0. ...12.3....6 

5. ...16. .. .10.5. ...75.0.... 6.9....3 

6.. . 9....10.7....32.5.... 5.9....4 

7 . .14. .. .10.9... .42.0-10.7... .8 

8.. .. 7....14.3....31.5..., 4.7....2 

9.. .. 6....W.5....68.1....21.5....3 

10.... 1....11.0....24.3....17.0....1 


The committee on Student Branches also 
has contributed the chapter on electrical 
engineering for the pamphlet being pre¬ 
pared by The Engineering Foundation to 
contain information on the main divisions 
of engineering. 

In Tables I to VI, inclusive, is given infor¬ 
mation which was presented in the annual 
report on Seqtion and BrfUjch activities, 
covering the fisdfl year ended April 30, 
1932. 


e 

Table VI—Student Conventions 


Sponsored 
by District 


Location 


No. of 
Student 
Date Papers 


Table V—Conferences on Student Activities 


District 


Location 


Date 


1 .Rochester. N. Y. 

(North Eastern Dist. Mtg.)... 5/ 1/31 
8 & 9...Lake Tahoe, Calif. • 

(Pacific Coast Conv.). 8/27/31 

7 r. .Kansas City, Mo. ■ 

(South West Dist. Mtg.)...... 10 /23 /31 

4 *... Gainesville. Fla.*2 (, j mo 

2 ... Haverford College, Pa. 3/14/32 

5 ... Milwaukee, Wis. 

(Great Lakes Dist. Mtg.). 3 /14 /32 

6 ... University of Denver..4 /15-16 /32 


1 .. .Rochester, N. Y. 

(North Eastern Dist. Mtg.)5 /I /31.. 8 
8 & 9... Lake Tahoe, Calif. 

(Pacific Coast Conv.).8 /26 /31.. 12 

7 .. .Kansas City, Mo. . 

(South West Dist. Mtg.). 10 /23 /31.. 10 

4 ... Gainesville, Fla. 12/4/31.... 

Phila. and 

Lehigh 

Valley 

Sections. .Haverford College.3/14/32. .4 

5 ... .Milwaukee, Wis. 

(Great Lakes Dist. Mtg.).. 3 /14 /32 10 
3 (and . 

New * 

York Sec¬ 
tion) . .New York.4/29/32.. 3 


Section and Branch Joint 

Meetings Continue Successful 


The cooperative relations between Insti¬ 
tute Sections and neighboring Student 
Branches of the Institute have continued to 
receive much atteiftion during the past 
year. The excellent methods developed 
for maintaining close contacts between 
Sections and Branches were continued, and 
the results are becoming increasingly ap¬ 
parent as more and more of the stu¬ 
dents who have participated in them sub- 


• • 

• • 

.• 

sequently have become active Section 
members. 

Some of the principal cases of sudn co¬ 
operation during the past fiscal year and 
which resulted in obvious benefit both to 
members of the Sections and Branches, are 
given in the annual report on Section and 
Branch activities, covering the fiscal year 
puding April 30, 199®. This information is 
presented herewith in Tables I and XX. 


Pearl Street Station 
Opened 50 Years Ago 

September 4, 1932, marked the 50th 
afniversary of Thomas A. Edison’s first 
permanent commercial incandescent light- * 
ing system. This first Edison system was 
the Pearl Street station and district in lower 
New York City. f 

The anniversary was celebrated by 2 * 

events. The,first, on September 4, was * 
held at the site of the old station, 255-7 
Pearl Street, at which many Edison veterans 
and men of prominence in the electric light 
and power industry were present. The 
second observance took the form of a dinner 
held on September 12, and was attended by 
representatives of the electrical industry and 
civic, scientific, and engineering bodies. 

At its 0 opening on September 4, 1882, the 
Pearl Street station served an area of about 
1 sq mile in lower Manhattan, distribution 
being by about 15 miles of underground 
cable. The capacity of, the station was 
approximately 750 hp, and supplied electric <v 
light to 59 customers. «• 


Trade Acceptances Urged for Financing.- ^ 

A concerted plan has been initiated by lead-' 
ing American industrialists to ^stimulate 
interest in the use of trade acceptances as a 
means for the expansion of the volume of 
credit available to industry. The. use of 
trade acceptances has the efFect of speeding 
up the turnover, increasing the net return, 
and improving the credit standing of busi¬ 
ness concerns, since collections would be 
expedited by the substitution of readily 
negotiable paper for slow open-book ac¬ 
counts. The trade acceptance method 
should be restricted to current transactions 
for purchases and sales of goods, and should 
not be extended to past due accounts. In 
order to give definite information concern- * 
ing the trade acceptance method and to 
assist in determining the advisability of 
adopting this system in any particular 
business, circulars have been sent out by the 
National Industrial Conference Board, 
Inc., New York, N. Y., in which it has en¬ 
deavored to set forth briefly the operations 
of the plan and the advantages to American, 
industry which would result from its use. 


Table I—Section or Joint Section and Branch Meetings With 
Active Student Participation * 


Student Atten- 

Sections Schools Date Talks dance 


No. Carolina.. 

__ • _— 

.Univ. of No. Carolina... 

...11/10/31. 

.... 1. 

... 11? 

Portland. 

.. Oregon State College... 

.. .12/ 8/31. 


... 74 

Pittsburgh.... 

.. Univ. of Pittsburgh 
Carnegie Inst, of Tech. 
Univ. of W. Virginia.... 

... 1/12/32. 

... 6. 

... 340 

Los Angeles,.. 
* 

.. Calif. Inst, of Tech. 
Univ. of Southern Calif , 

... 3/ 8/32. 

... 5. 

... 106 

Cleveland. J... 

. Case School of App. Sci. 

... 3/24/32. 

...2. 

... 180 

Spokane...... 

* 

.. Univ. of Idaho 

Wash. State College.... 

... 3/25/32. 

... 2. 

... 65 

Utah... 

. .Univ. of Utah,. 

... 3/30/32. 


... 45 

Urbana. 

. .Univ. of Illinois • 
Purdue Univ. 

# Rose Poly. fnst.. 

.., 4/ 2/32. 


... 186 

Columbus..... 

. . Ohio State-Univ........ 

... 4/22/32. 


.... 44 

Total,... 

__m _ ^ 


...16. 

...1,135 




Table II—Section or Joint Section and Branch Meetings With 
Student Programs 



m . - • — 


Student 

Atten- 

Section 

Schools 

Date 

Talks 

dance 

Cincinnati. 

.Univ. of Cincinnati.. 

5/14/31.. 

.. 6.... 

80 

Oklahoma City. 

, Univ. of Okla., Okla. A.&M. Coll. 5/IS /31.. 

.. 8.... 

115 

Utah... 

.Univ. of Utah. 

5/18/31.. 

.. 4.... 

20 

Portland. 

. Oregon State College. 

5/23/31.. 

..4.... 

100 

Kansas City.... 

.Univfof Kansas. 

11/ 5/31.. 

.'. 2.... 

200 

Madison. 

.Univ. of Wisconsin.. 

12/10/31.. 

.. 3.... 

53 

Urbana.... 

.Univ. of Illinois.. 

1/ 6/32.. 

,. 4. .. 

31 

Dallas... 

^Southern Methodist Univ. 

1/18/32.. 

.. 3.;.. 

60 

Vancouver. 

.Univ. of British Columbia...... 

3/ 7/32.. 

.. 3.... 

47 

Louisville.. ,,.. 

. Univ. of Louisville.. 

3/18/32., 

.. 5.... 

66 

San Francisco... 

.Univ. of Calif., Stanford Univ., 





Univ. of Santa Clara. 

4/15/32.. 

.. 3... . 

128 

Buckdell Univ.. 

.Penn. State College. 

4/27/32.. 

2, m , 

49 

Denver, ....... 

.Univ. of Colo., Univ. of Denver, 




Colo. Agri. Col., *Colo. School 




of Mines, Univ. of Wyoming... 

4/29/32., 

... 4.... 

65 

* Total . 

•——■ - 

--- --""- 

...13- 

-. «~ 1 

•.si,:.. 

*4 

1,014.. 

f- - 


* No Branch. 
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Floodlighting Aids in Pushing Construction 



Electric Light Association and the Pacific 
Coast "Electrical Association, and, held 
membership in the Franklin Institute of 
Philadelphia, Pa. He lyas been the recipient 
of many honors and was the first to receive 
the John B. Miller Medal for distinguished 
service to his own company. In recent, 
years Mr. Ballard has been identified - 
prominently with coi^mqnity work in Los 
Angeles. 

G. C. Ward (M’24) its senior n vice-presi- 
dent will direct the Edison company’s 
activities "with the advice and counselj.of 
the enlarged executive committee” accord¬ 
ing to an official announcement recently 
made which stated that any adjustment in 
the management that may become neces¬ 
sary by reason of Mr. BaMrd’s death will 
be deferred. 


Cl 


FNE construction project of sufficient urgency to require 24-hr per day activity was 
the building of a 63,000,000-bushel grain elevator at the Port of Albany, N. Y. Night 
operations were facilitated by a floodlighting installation consisting of 2 wooden towers 
60 ft high supporting 6 1,000-watt General Electric floodlights at each of 2 locations; 
these units were supplemented by 3 units located on the roof of a concrete mixing structure, 
making a total of 15 kw for the complete installation. 


Annual Economic 
Conference Held 

The second annual economic conference 
for^ engineers was held at the engineering 
camp of the Stevens Institute of Tech¬ 
nology, near Johnsonburg, N. J., August 27 
to September 5, 1932. Attendance this 
year was particularly gratifying, and was 
dis tinguis hed by the‘presence of a number 
of individuals prominent in engineering and 
economic activities, as well as many others 
interested in acquiring a knowledge of the 
broader economic aspects of present day 
life. Perhaps the most important thing 
about the conference was the fact that it 
evidenced a considerable desire on the part 
of engineers to assist in understanding and 
solving the large scale problems of political 
economics, the creation of which problems 
engineering accomplishments are held at 
least partially responsible. 

« The morning lectures continued through¬ 
out the 10 days of the conference, and were 
divided into 2 sessions. One on the subject 
of "ftfoney” was conducted by Prof. W. D. 
Ennis, head of the department of economics 
of engineering at Stevens Institute of Tech¬ 
nology, and the other on the subject of 
"Banking” was conducted by A. V. Shaw, 
investment counsel, of New York, N. Y. 
The afternoons were left free for any activi¬ 
ties desired, which included swimming in 
the spring-fed lake at the camp, and golf 
and tennis at other points in the vicinity. 
Evenings were devoted to a series of con¬ 
ferences on various subjects, each under the 
leadership of an authority in his particular 
field. • 

In addition to analyzing the existing eco¬ 
nomic system, definite suggestions were 
made at these conferences for remedying 
ills and assisting in the stabilization of 
price§ and Industrial activity. .These sug¬ 
gestions might be grouped roughly into 2 
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classes, one of which is the modification of 
the existing system by measures under 
government control and for the purpose 
largely of regulating credit, and the other 
contemplating more radical alterations in 
£he system. It is felt that those present 
at these conferences obtained a clearer 
idea of the more or less mysterious forces 
underlying economic changes, and were left 
with a definite* desire to* be of assistance in 
the solutlbn of economic problems. 


* 


Southern California 
Power Official Dies 

Russell H. Ballard, president of the 
Southern California Edison Company, Ltd., 
died of pneumonia at, his home in Los 
Angeles* Calif., August 24, 1932. Mr. 
Ballard was bom in Hamilton, Ontario, 
Canada, July 26, 1875, and came to the 
United States in 1883, working as an office 
boy in the Thomson, Houston Electric 
Company in Chicago, Ill. EJp was with the 
treasury department of the General Electric 
Company, Schenectady, N. Y., from 1890 
to 1893, and was placed in charge of col¬ 
lections and credits for this company in 
the southern states, with headquarters at 
Atlanta, Ga., in 1896. 

# Except for about 4 years between 1900 
and 1904, Mr. Ballard has lived in Los 
Angeles since 1897, serving the Southern 
California Edison Company, Ltd., and its 
predecessors. Starting first as bookkeeper 
and later becoming auditor, Mr. Ballard 
progressed steadily through the company's 
organization, tTeing appointed vice-president 
and general manager^ in 1924, and president 
in March 1928. His organizing and oper¬ 
ating genius was recognized throughout the 
industry. ■» 

He was a past-president of the National 


/7 5-Watt" Lamps 
Which Average 12„W a Jt s 

Incandescent lamps may and do vary 
with respect to light output and efficiency— 
qualities not designated on the lamp. »The 
public, however, should be able to rely upon 
the substantial correctness of the watts 
designation which does appear on the lamp. 

Recently Japanese lamps have been 
found upon the American market bearing 
‘'6-watt” designations. Electrical Testing 
Laboratories, Inc., New York, NAY., cm 
behalf of member companies of the Associa¬ 
tion of Edison Illumination Companies, 
having surveyed these products, find that 
such lamps are anything but 5 watts, * 
averaging about 12 watts (as shown* in 
Table I) and ranging as high as 20 watts. 
Such misleading'marking of incandescent 
lamps is inexcusable, these laboratories 
contend. 

Table I—Measurements of Wattage of 
Japanese Lamps, R3ted at 5 Watts, 
Purchased in Various Cities 


City 

Number 

Measured 

Average 
* Watts 


... 23... 

...11*2 * 

Warren.... 

. 10... 

...10.8 


.. 53... 

. ..11.1 

Philadelphia.... 

. 24... 

...11.8 

Waterbury. 

. 11... 

.. .11.9 

New York. 

. 39... 

.. .11.7 


.13... 

...13.9 


. 2... 

...11.1 


..37... 

...12.5 


. 2... 

...13.4 




HVefol __ 

.214... 

....11.8 

-’ — 


August 20,1932, p.253. 


A New Series of Magnet Steels.—The 
perfection of a new series of magnet steels 
by Dr. T. Mishima, an assistant professor 
at the Tokyo Imperial University of Tokyo, 
Japan, is announced in the July 1932 issue 
of Ohm, d Japanese magazine devoted to 
electrical enginewing. A translation of the 
original announcement prepared by J. A. 
Rabbitt and Dr. %. Fujiwara of the Japan 
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Nickel Information Bureau, Tokyo, states 
that these new magnet steels are called by 
the inventor “MK" steel and are character¬ 
ized by a very high order of permanence. 
The announcement says that the coercive 
force is claimed to be about 9 times that of 
the usual tungsten magnet steels and 2 Y 2 
times that of the best cobalt magnet steels. 
The residual magnetism can be varied so 
that its value is between that of tungsten 
and cobalt magnet steels. The MK steels 
consist mainly of iron, nickel, and aluminum. 
A typical composition is 25 per cent nickel, 
10 per cent aluminum, and the balance iron, 
but the nickel may be varied from 10 to 


40 per cent and the aluminum from 1 to 20 
per cent. The MK steels are not readily 
forged and therefore must be cast into the 
desired form. However, their desirable 
magnetic properties are developed by simple 
annealing and they are therefore free from 
the difficulties of quenching which is re¬ 
quired with the tungsten steels. In addi¬ 
tion, the announcement says that the mag¬ 
netic properties »of the MK steels do not 
change appreciably with increase in tem¬ 
perature even to the extent of several hun¬ 
dred deg C. They are said also to be mag¬ 
netically stable when subjected to mechani¬ 
cal vibration or shocl&. 


Letters lo ifce Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may; deal with technical 
papers, articles published in previous issues, or 
othea subjects of some general interest and pro¬ 
fessional importance. Electrical Engineering 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 
STATEMENTS In these letters are expressly un¬ 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog¬ 
nition tar the*American Institute of Electrical 
Engineeft. 

' ♦ . 

Has Man Benefited 
•by Engineering Progress? 

To the Editor:** 

From th% articles printed in Electrical 
Engineering on the question, “Has Man 
Benefited by Engineering Progress?” and 
the letters of comment they have elicited, 
it is plain .we engineers feel moved to a 
certain searching o£our hearts to determine 
whether we are living up to what we con¬ 
ceive to be our proper position in the com¬ 
munity; and with this there goes also a 
disposition to inquire whether, on' the part 
of the community, there is a readiness to 
accord *lis all the recognition to which we 
feel entitled. It is our belief, more or less 
* definitely formulated, that most public 
questions are, in their essence, engineering 
problems, whose solutions should be sought, 
therefore, by the methods of our profession; 
and we tend to receive with some impatience 
what we regard as the snap judgments on 
these of politicians, financiers, and real 
estate operators, judgments that appear to 
us to be derived rather fr<yn the inner 
consciousness of the presenter than from 
that careful collection of data and that 
Correct treatment of them to which we are 
.used. We are accustomed to think, and 
' now and then to say, that the competence 
to pass on these questions lies really with 
us, rather than with any of the other pro¬ 
fessions* or callings; and we are wondering 
whether, if this be not generally admitted, 
the fault lies with the other professions, 
possibly jealous of us, or with the com¬ 
munity at large, apparently oblivious to us, 

. or with ourselves, for hiding our light under 
a bushel. We p are asking ourselves, how, 
yrhat, if anytHing, we may, can, or must 
do to set these things right; 

It is being said among us, we must emerge 
from any seclusion where we may have been : 



keeping ourselves, we must assume a leading 
part in civic and national affairs. . . . The 
picture is painted of our profession as the 
center from which shall emanate influences 
to guide our cities, our country, toward 
ideals of spaciousness and beauty, and of 
our publications as the inspiration and 
comfort of all that are fighting the good 
fight against ignorance, indifference, or 
turpitude. . . . This, briefly, is the picture 
some of us see in our minds' eyes; what is 
wrong with it? 

Perhaps nothing, but, at any rate, it will 
be wise to look over the field more in detail, 
before deciding to enter the competition. 
For it is a competition. So far are our 
public problems from going a begging for 
solution that the want for an answer to any 
question of social policy %as uncommon as 
Byron found that for heroes to,be, “When 
every year and month send forth a new 
one.” . . . We wonder, and, as has $een 
hinted, we envy; and we ask, if a physician 
or a jurist can do these things, why may 
not an engineer do them better? AIT, why? 
It will not be safe to leave that question 
behind us unanswered. 

There is a welcome emancipation for the 
mind in considering unfamiliar things. 
About these, untrammelled by stubborn 
facts, the fancy may play; since we do not 
know the truth ab#ut them, we may paint 
them to suit us; if we do not confess our 
ignorance, and speak oracularly, we may 
succeed in having our utterances accepted 
at their face value. We may even attain to 
believing them ourselves, and thus may 
our dreams be in a fair way to oome true. 
So it happensrthat, if a silk stocking mlnu- 
facturer has visited London or Paris re¬ 
cently, and is asked what, from his observa¬ 
tion while abroad, he would offer as a relief 
for the congestion in Philadelphia’s streets, 
he does not hesitate to give a comprehensive 
answer. .. . But, is this what we are yearn¬ 
ing to emulate? 

Certainly not! We know that easier wa^ 
is not for ns. It is not that vPe assume any 
unhuman superiority; we were men before 
we were engineers. We will bet *on a 
horse with any justice of the supreme court; 
we are as ready as the next man to tell a 
friend how to cure his cold; but if you ask 
us what is the correct ratio w>f the height of 
a building on Chestnut Street, between 
10 th and 11th, to th® width of that street, 
we will say we do not know; and we stir 
uneasily, if we hear a dergyman answering 
that question Offhanck The trouble is, 
these questions, as we recognized at the 


outset, are engineering questions, and we 
are estopped from answering them as do 
those in other walks of life. Those others, 
at whose ready-made pronouncements we 
have been smiling, are jur,t as chary as we 
of resolving doubts within the provinces of 
rtheir professions; the physician does not 
diagnose the disease 'without seeing the 
patient, nor the lawyer take the case with¬ 
out knowing all the evidence. These engi¬ 
neering problems are ours to solve; and ours 
only, but we must solve themjm our way, 
and that way is by the collection and study 
of data. The engineering profession can¬ 
not undertake, in the blithe, light-hearted 
way of those we have been belittling, to 
take the lead in these public projects. 

Must we, then, redraw our picture, and 
shape it farther from our heart’s desire? 
Let us look over the field again. How fare 
these jcompetitors of ours in the long run; 
do they finish the race? Seldom, if ever; 
we are justified in our reluctance to take 
them s'eriously. Their dreams, lacking both 
inspiration and perspiration, prove evanes¬ 
cent. Our riders, the professional politi¬ 
cians, regard them with the tolerant con¬ 
tempt the professional has always for the 
amateur; that is the measure of their fu¬ 
tility. If then, we might enter the field in 
our own way, handling technical questions 
as technicians, „ we should encounter no 
opposition. Is that a practicable course? 

It would hardly seem so, for the conclu¬ 
sive reason that we are not given, and can¬ 
not take, the opportunity for the collection 
of the essential data on most of. these ques¬ 
tions. . . we can easily see they often in¬ 
volve such sciences as psychology, eco¬ 
nomics, and sociology, all sciences that have 
great difficulty with the question, “How 
much?” when asked of their subject matter. 
Such sciences give the engineer nothing to 
take hold of. There may be such a tech¬ 
nique as human engineering, or social engi¬ 
neering; and all engineers must indude 
economic factors in their problems; but 
how far we are from effectually applying 
such sciences, in the true engineering sense, 
is quite dear from a leading of the series of 
artides that instigated this inquiry. Quite 
as able they are as anything from the 
bankers, the captains of industry, the states¬ 
men, the educators; but it seems they 
should be taken as a salve, rather than as 
an exdtant, for our itch to get our hands on 
the whed of the ship of state. We aare not 
yet ready, no readier than those we condemn. 

Obviously Then, a course of preparation 
is indicated. Just what form that should 
take is the first question to which we should 
address ourselves. A central bureau fcr 
the collection of data seems the first req¬ 
uisite. A closer union among all our 
national engineering organizations is am* 
other. It is the voice of the engineers of 
America, and not that of the electrical 
engineers alone, that should be heal'd on 
national questions. An ample headquar¬ 
ters and dose communication with our out¬ 
posts, we already have. Let us now bend 
our energies toward perfecting the prepara¬ 
tion we need, deferring, until that is in 
operation, all further complaints of not 
being permitted the opportunities we fed 
we can seize when we are prepared. 

Very truly yours, 

Rudolph H. Klauder (A’97) 
(7447 Devon St, Mt. Airy, 
Philadelphia, Pa.) 


To the Editor: 

A word of caution should be raised in the 
discussion about the mechanization of man’s 
activities and about the assured deleterious 
influence of the increasing-tendpncy of man- 
kmd to remain indoors. 

. * 
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-The chocolate-brown skin of the beach 
habitue is a striking example of what the 
human body will do in order to protect itself 
from an overdose of the sun’s radiation. 
Melanin is laid *Uown in the skin to lessen 
the penetration of the light. Perfect health 
can be had with an infinitesimal amount w 
the solar radiation which an individual who 
lives out-of-doors absorbs. 

The effect of drugs, of exposure to light, 
and of other stimuli follow well-known 
physiological laws which have more or less 
of a logarithmic character because of which 
a little goes a long way. Fish live out of 
range of the therapeutic effect of the sun’s 
rays, and birds and the beasts of the forest 
and field are covered with scales, feathers, 
hair, wool and what not that most effectively 
keep the sun's rays away from nearly all 
of their skin. So it is evident that the skin 
need ribt be exposed to very much light. 

A modern residence, be it a palace 
or overcrowded tenement house, possesses 
many and distinct advantages over the cool, 
damp, sweaty-walled cave without, for 
example, any semblance of toilet facilities. 

Our getting into clothes has been gradual. 
Hundreds of generations of Caucasians, at 
least, have passed into and out of this earth 
since we first beganyto dress. Yet it would 
seem that the population of the earth is 
greater now "than in any previous era. 
This is a pretty good indication that our 
present mode of life is as healthful as it 
has ever been. 

The medical examinations of candidates 
for military service during the World War 
showed a greater percentage of physical 
defects among those from the rural districts 
than among those from the urban popula¬ 
tion in spite of the fact that the former were 
leading an outdoor life. 

These conditions are greatly at variance 
with Bachem’s quotation from Pearl, "Mor¬ 
tality is distinctly lower for outdoor than 
for indoor workers. This indicates the 
superior healthfulness of outdoor life.” 
(See twelfth article of Engineering Founda¬ 
tion’s symposium "P5as Man Benefited by 
Engineering. Progress?” in Electrical 
Engineering for August 1932, p. 553-5.) 
It is a typical illustration of how bio¬ 
metrical data and observation can be inter¬ 
preted to illustrate a particular tenet. 
Those who work outdoors invariably have 
more, diversified tasks to perform and re¬ 
quire a greater all-round exercise of mind and 
muscular coordination and, undoubtedly, for 
this important reason are also more inclined 
to be healthy. 

• The machine has been mankind’s greatest 
boon and has given an unparalleled impetus 
to civilization. The great problem, with 
•the enormous saving of time and effort thus 
effected, is not to urge mankind to seek 
pleasure on the picnic grounds or in the 
public amusement halls where paid per¬ 
formers entertain but to urge it'to use gain¬ 
fully the surplus energy which it now has 
as a result of mechanization. The mere 
seeking of pleasure and taking of recreation 
leave a less beneficial permanent trace of 
thf» satisfaction afforded than do more 
worthwhile things. 

A people who are imbued with the spirit 
of ambition and are willing to sacrifice for 
education and advancement in the arts and 
scie nc es and even in commerce and industry 
will profit through a raising of the general 
level of desire above the base spirit of 
pleasure seeking, which, at least in part, 
now prevails. Very wisely the founders 
of our country put the pursuit of happiness 
after life and liberty, thereby, tacitly per¬ 
haps, recognizing that its consideration 
should not come first. 

There should be fewer pool rooms and 
motion picture theatres and mdre schools, 
churches, and privately owned homes. 

October 1932 


Pleasure seeking in itself is invariably not so 
conducive to true happiness as is creative 
achievement. 

Very truly yours, 

Roy Kbgerreis, M.D. 
(A’ 14 and Life Member) 
(311 N. Oak Park 
Ave., Oak Park, Ill.) 


Engineering Subjects 
in the College Program 

To the Editor: , 

The measure of success achieved by the 
technical schools in training students de¬ 
pends largely upon the ability of the direc¬ 
tors to keep up with the changes in business 
and to anticipate the trends of the future. 
It is more vital today than ever before that 
the graduate should be prepared to meet 
the rapidly changing conditions and require¬ 
ments of business. A liberal margin of 
security, favored by natural isolation, aided 
business during the period through which 
we have just passed, to the extent that rigid 
economy and a high degree of efficiency was 
not necessary. The rapid advances made 
in transportation and communication facil¬ 
ities have limited the isolation previously 
enjoyed, and in turn raised the standards 
of efficiency. 

Those changing conditions open a broader 
field for engineering; the fundamental pur¬ 
pose of whicjr is to achieve maximum effi¬ 
ciency at minimum cost. To accomplish 
that the engineer must enter the field of 
management and business control. With 
the new fields in view the schools must 
recognize the increasing importance of 
teaching subjects pertaining to the present 
day practise of business. Practical business 
courses should be added wherever it is 
possible to insert them. 

Alfred H. Lovell in his paper on "Engi¬ 
neering Subjects «in the. College Program” 
(see Electrical? Engineering for August 
1932, p. *568-71) outlines some of the 
changes that have been made in the cur¬ 
ricula of the technical schools to provide a 
more complete business training. Mr. 
LovelLpoints out that many of the schools 
have omitted foreign languages. Subjects 
that have been carried along for years by 
precedence and pride. To eliminate them 
is a step forward. 

The value of shop work has been ques¬ 
tioned as it is rarely used in practise today. 
Standardization has had much to do with 
eliminating the need for local work. Parts 
can be "Secured on short notice from any 
section of the country, it is no longer a local 
affair. Although useful, shop work will 
undoubtedly follow foreign^ languages and 
be replaced by subjects more applicable to 
the»work*encountered inthejjj.eld. 

There has been a general increase in the 
number of hours of training given in the 
department of English, which is very com¬ 
mendable. Report writing is more neces¬ 
sary today than*ever before* and it should 
be stressed in that department. 

A question has been raised as to the value 
Of surveying. Personally; I would defend it 
as it is by nature a specialized course in 
mathematics and proyid^s excellent and 
exacting training- It is also a very prac¬ 
tical subject. There are, however, many 
subjects drafted from , older engineering 
courses that can be replaced by those con¬ 
cerning present day practises. A careful 
survey of that part of the curricula will help 
to solve the time problem confronting most 
schools of engineering and develop a more 
practical course. 

Yours veryrtruly, 

Orrin S. Vogel (A’29) 
■ (Atlanta/Ga.)* 


Consumption, 

Production. Distribution 

(• 

To the Editor: 

The American Engineering Council com¬ 
mittee, in its progress report entitled, "The 
Relation of Consumption, Production, Dis- 
tribution” (see Electrical Engineering 
for June 1932, p. 373-7) has attacked an 
extraordinarily difficult and broadly com¬ 
prehensive subject and has made a remark¬ 
ably good presentation of preliminary results 
obtained within the scope of money and 
time which have tfeeh available to the com¬ 
mittee. The results thus far obtained justify 
the expression of hope that the committee 
may be given support to continue its studies. 

The statement made by the committee of 
its points of attack is an excellent rtsuml of 
8 important threads. The characteristic of 
research and adaptation is intermixed with 
all these threads. In my opinion the com¬ 
mittee has not made enough of that—re¬ 
search coming first and adaptation being 
the process of applying the principles 
brought out by the results of the research. 
This application of these principles to daily 
affairs must be made in 2 ways, one bejng 
direct and the other being through educa¬ 
tion. The education ties back again into 
means for improving the research and there¬ 
by making continuous progress. I agree 
with the committee that the objective which 
they have stated is physically possible .for 
the whole of western civilization. To 
accomplish such realization, however, it 
becomes necessary to view the world as it 
is, with the modes of life, as they are, 
founded upon our present day devdopment 
of sdence and invention. We cannot suit¬ 
ably support social practises for the present 
day by excerpts from and references sto the 
writings of Adam Smith, Hume, Ricardo, 
John Stuart Mill and their associates cover¬ 
ing a period of a century and a half be¬ 
ginning substantially a quarter of a Mil¬ 
lennium in the past. Oyer-constant ad¬ 
herence to the tenets of *thase ancient 
writers on economics is one of the reasons 
of inutility which pertains to iftodem day 
doctrines of political economy as pronounced 
by the economists. Political economy must 
be adapted to the modes of life of the age 
in which the application is made. 

The committee wisdy condudes that 
suitable economic readjustment can be 
realized to a large degree in the United 
.States even if it is not contemporaneously 
accomplished throughout the western world. 
This view has an optimistic tinge, but its 
soundness is well worth proving and is* 
likely to be proved in the near days. Cer¬ 
tain aspects of many of the philosophical 
arguments that have been broadcast from 
economists and international bankers dur¬ 
ing the last 2 years have had an unfortunate 
influence besides being inaccurate. Itera¬ 
tion of the cry that the joint troubles of the 
western world must be cured before we can 
recover fronf our own financial and indus¬ 
trial difficulties is disturbing as well as 
false. It is particularly disturbing becaqpe 
it misleads our people into believing that 
they can do nothing for themsdves, but* 
must idle until the international bankers 
have extricated us. The contrary is th&. 
fact and we need exhortation to wring our 
salvation out of our own environment. 
The sounder attitude of the American 
Engineering Council’s committee pro¬ 
nouncement is refreshing to observe. We 
cannot waittfor the bankers and economists 


*» 


mutual good of the world, however active 
their efforts may be, before we put forth 
efforts to ameliorate our own individual 
situation. We mu# put our shoulder to the 
wheel of our own; car£ in the meantime, 
v : ••• :* ' y 
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whil e the international efforts proceed. Our 
own agricultural follies need better* atten¬ 
tion; our own industrial methods need 
modification and ot^r industrial products 
given a character.which will enable them 
to be sold without the application of arti¬ 
ficial draft; our. public expenditures require 
•pruning, and happily this view has taken 
strong hold throughout the nation within 
the last few months; fcommon thrift needs 
a new recognition as good practise. 

The committee expresses 6 aspects of 
popular explanations of our present diffi¬ 
culties, of which explanations they find each 
and all to be questionable and/or inade¬ 
quate. JEt is my opinion that the committee 
is right, except partially for the items of 
speculation and of instalment buying under 
the conditions which characterized affairs 
in this country' during a few years past. 
These conditions led to unchecked high 
pressure filing of manufactured products 
associated with instalment payments, which 
(associated with reckless agriculture) had a 
considerable share in engendering the origins 
of fitifl-ncifl.1 panic and depression which are 
upon us. Neither bankers nor economists 
raised the voice of warning while industrial 
plant and industrial man-power in various 
indttstries B were being expanded to the level 
required by a forced and over accelerated 
selling basis that inevitably led ultimately 
to stagnant markets caused by the margins 
of family incomes being absorbed in pay¬ 
ments for past purchases. Engineers asso¬ 
ciated with the industries shook their heads 
in doubt over the situation, but they must 
al so bear their share of responsibility be¬ 
cause they did not raise their voices in 
argumentative protest. This may be an 
evidence of rhoral weakness in an unex¬ 
ampled situation, but precedents were lack¬ 
ing and perhaps we may pass that weakness 
over ir suitable prevision is shown in the 
efforts for reestablishment of stability. 

The committee is quite right in stating 
that investment bankers and the speculative 
public both had- definite responsibilities in 
the matter.'; The engineers also had re¬ 
sponsibilities and part of that responsibility 
must rest with the engineering schools on 
account of their failure to press effectively 
into economic philosophy a recognition of 
those features which distinguish the modern 
eWorld from the vjprld of Adam Smith, 
Hume, Richardo, John Stuart Mill, and 
their contemporaries of over a century and 
a half ago. Unless we thus modify our 
political economy, we are likely to lose the 
enviable standard of living and of intel¬ 
lectual ^activity which exists among the 
generality of our citizens. 

One of the difficulties that the committee’s 
report lays before us is associated with an 
inference that long-time planning should be 
a feature of industrial finance as well as 
government finance. The problem is to 
secure this important achievement without 
recourse to a degree of bureaucratic govern¬ 
ment control that verges on the edge of 
despotism, although perchance a benevo¬ 
lent despotism. A benevolent despot can 
do many things successfully, but we are not 
lfkely to approve such a guide for our lives 
even during the period of establishing a 
new political economy which is requisite to 
meet present conditions of our life which is 
wrapped up with the developments of 
* science and invention of the last dozen 
decades. We must surely set up our eco¬ 
nomic situation in independence for our¬ 
selves, but this can be accomplished without 
refusing due consideration of mutual benefits 
which may arise from associated contacts 
with other countries. The ■discussion of the 
shorter-hour week in the report of the 
committee shows means for accomplishing 
this end and the general observations of the 
committee also are reassuring, provided 
„those direq#ly affected have been provided 
• * « 
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with convincing incentives for properly 
joining the satisfactions of leisure with the 
advantages of productivity. All who re¬ 
tain faith in the effectiveness of the human 
mind feel sure that this can be achieved. 

The responsibility of devising serviceable 
measures for fending against the recurrence 
of depressions such as the present one, and 
their trains of hardship and suffering, rests 
upon those of -us who live tin this decade. 
To meet their part of this responsibility it 
is necessary for the engineers to bring to 
pass a cooperation which joins our scientific, 
pragmatic attitude to the philasophical 
tendency of the economists. 

The engineering departments of our great 
educational institutions are well established 
in, and should continue to expand their 
creative work in, the borderland which 
overlaps with the natural sciences of mathe¬ 
matics, physics, chemistry, and biology. 
They also work actively, but are not equally 
well established, in the borderland which 
overlaps with economics. The latter bor¬ 
derland—contrasted with studying, investi¬ 
gating, and guiding phenomena of nature 
related to physical phenomena—consists in 
studying, investigating, and guiding the 
economic and social uses of structures, 
power, machinery, communication of in¬ 
telligence and transportation, and guiding 
the influence of engineering on modes and 
conveniences of life. We have a good start 
in this, but with less intensive cultivation 
than on the mathematical-physics side. 
The appropriate manner of carrying on is by 
statistical and scientific investigation to 
establish facts and relations that are now 
perceived only dimly or perhaps not yet per¬ 
ceived at all. This cooperation should 
be and can be as fully established as on the 
mathematics-physics border. The object 
is to place this economics side of engineering 
on the same altitude of rigorous examina 5 
tion and reasoning as now characterizes 
the science side of engineering in the engi¬ 
neering schools. Collaterally, the object is 
to develop more rigorous^ investigation in 
this now neglected or onljf loosely studied 
field, while scrupulously avoiding any de¬ 
tracting from the efforts on the science sijle. 

Besides leading their students to famili¬ 
arity with the theoretical tenets of science 
and economics, the engineering departments 
in the engineering schools have the obliga¬ 
tion to translate to the students a scholarly 
engineering vision of the principles of 
science and economics embodied in the 
works of man wrought in materials such as 
metals, stone, wood, and fiber, and the 
influence on civilization which is concomi¬ 
tant to those embodiments. "Machines, 
the slaves begotten of man’s thoughts” have 
done us relative good, but until the articula¬ 
tion of engineering into economics is worked 
out in the engineering schools of university 
rank as fully as the articulation which now 
exists with mathematics, physics, chemistry, 
and biology, there will be danger of the 
relative good becoming relative evil. . I do 
not charge this fault to the economists, 
theirs being a philosophical field; but as 
previously said we, the •engineers, must 
bring to pass a cooperation which joins 
our scientific, pragmatic attitude to their 
philosophic tendency. From such coopera* 
tion brought to pass in engineering schools 
of high level, we may validly hope for the 
solution of such complex problems* for 
example, as the periodic recurrence of acute 
unemployment, and the ultimate formula¬ 
tion of effective means for prevention. 
Illumination may be secured*on many other 
subjects, such as the perplexing subject of 
the responsibilities for mutual welfare which 
pertain between corporations, their em¬ 
ployes and their stockholders, when both 
employes and stockholders may be in 
large numbers and both groups in general 
being dbmposed Of people of small means. 


When the engineering departments have 
accomplished this cooperation in the institu¬ 
tions of university level and have secured a 
communion with the economists of a level 
and order equal to our comAunion with the 
scientists, we will have established our 
buttresses in both sides of the field of engi¬ 
neering and will be in position to cultivate 
most serviceably the full area of industrial 
science and economics. This me^iod of 
seeming a restudy of the tenets of political 
economy so that the structure o&economics 
adapted to opr present-day mode of life 
may be erected is feasible, and it is so 
promising of important results that I hope 
that it may command support from the 
A.E.C. committee. 

Very truly yours, 

Dugald C. Jackson . 

(F’12 and Past-president) 

• (Massachusetts Institute of 
Technology, Cambridge, Mass.) 


Reactive Power 
Units and Terms • 

To the Editor: • 

Mr. Irwin’s letter (see .Electrical 
Engineering, August 1932, p. 597-8) 
calling attention to the disregard of the 
internationally adopted "var” as the unit 
of reactive power is very timely. As if to 
vindicate Mr. Irwin’s admonition, there 
are published, on page 589-90 of the same 
issue, engineering abbreviations that are 
officially endorsed by the A.I.E.E. In this 
list the “var” is conspicuously missing, 
whereas the “rva” is duly displayed. 

The relation between “rva” and "var” is 
obvious. In “var” the “r” that stands for 
"reactive,” is put after the “va” instead, of 
before. In this manner a name is obtained 
which not only is easily pronounceable, but 
also contains the elements of definition of 
the unit it stands for; which is more than 
can be said of the names of most of the 
established units. 

"Var,” therefore, seems a perfectly 
rational name for the unit of reactive power, 
and it is difficult to see on what grounds 
objection could be made to its general use 
which ought to be promoted by the A.I.E.E. 

The unit most commonly applied in 
practise will, of course, be the "kilovar,” 
abbreviated "kvar,” which also is missing 
in the "standard” engineering abbreviations 
referred to. One need only compare the 
brief term “kilovar” with the lengthy "re-» 
active kilovolt-ampere,” or with the caco¬ 
phonous spelled variety: "rkva,” to be¬ 
come converted to the name adopted by the. 
International Electrotechnical Commission. 

Very truly yours, 

Arthur A. Bolsterli (A’23) 
(145 Church St;, Hamden, 
Conn.) 


Editor’s Note: As a comment on the above letter 
from Mr. Bolsterli, the following quotations from a 
letter sent to sponsoring organizations by Preston 
S. Millar (M’13), secretary of the American Stand¬ 
ards Association’s sectional committee on scientific 
and engineering symbols and abbreviations, are 
presented herewith: 

"To the appendix of International Electro¬ 
technical Commission recommendations attached 
to the report of the subcommittee on abbreviations 
for scientific and engineering terms, dated June 
1932, which was distributed on June 3,1932, to the 
sponsor organizations and to the members of the 
sectional committee, and winch was submitted on 
June 15,1932, to the American Standards Associa¬ 
tion, the following 3 units and abbreviations have 
been added; 

"var (reactive volt-ampere)..... var 

"kildyar (reactive kilovolt-ampere^.. kvar 

"kilovaihouri(reactivekilovolt-«.mpere-hour) .kvarh 
"These names of units and theif "abbreviations 
were.officially adopted by the international Electro-. 

• • . 
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technical Co mmi ssi *> n ut tlle P leuar y meeting held 
at* Oslo, July 9, The list of I.E.C. abbre¬ 

viations appended to the report of the subcommittee 
dated June 1932, w*as taken from an I.E.C. pub¬ 
lication, which has * lot been revised since 1920. 
For this reason th.C*» “hove terms and their abbre¬ 
viations were unfortunately omitted. They are 
now added in order* that the appendix may acci^ 
rutely represent the present day recommendations 
of the I.E.C.” 

It may be noted that the terms "vur," ‘‘kilovar," 
and “kilovarhour” were officially adopted by the 
International Electrotechnical Commission on 
July 0, 1930- However, these terms are not con¬ 
sistent with America n practise and have not been 
adopted as American standard. Therefore they 
were not included In the list of American tentative 
standard abbreviations published in Eluctrical 
ISncunkruing for Ai*H ust 1®32, p. 589-90. Further 
comments on this shltjcct arc * invited. , 


Overcompounded D-C 

Generators Without an Equalizer 

To the Editor: 

In this letter is discussed the division of 
load between 2 ovcrcompounded d-c genera¬ 
tors when the eqtoalizer circuit is opened. 
The problem is not of importance practically 
but lias considerable theoretical interest, as 
has been evidenced by the discussion 
aroused by the statement in “Direct Cur- 
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Fig. 1. Voltage regulation curve* of 
2 d-c generator* each rated 3 kw, 
115-125 volts, 24 amp, 1,700 rpm 


rent Machinery,*’ written by Harold Pender 
and published by John Wiley and Sons, that 
for a given total liue,ourrent, if the speed of 
one generator increases after the equalizer 
lias been opened, the current output of that 
generator decreases, and, the action being 
cumulative, tlie instability of operation 
without an equalizer is thus explained. 
Among the 5 other texts, in English, which 
have been consulted, there is virtually 
unanimous agreement that the converse 
holds, and the discussion mentioned above 
has centered on this point. 

To review briefly the minority argument 
which this letter attempts to justify further, 
'consider Fig. 1, the voltage regulation 
curves (shown solid) of 2 generators supply¬ 
ing a total load current AS at a voltage 
** OC when the current in the equalizer is zero. 
Opening the equalizer will have no effect 


TO OSCILLOGRAPH 



Fig, 2*. Connections for the 2 d-c 
generators represented in Fig. 1 

on the system until some mechanical or 
electrical property changes. If for some 
reason the speed of generator 1 increases, 
the corresponding voltage regulation curve 
(dashed in Fig. 1) will be above the former 
curve, and the total load current, if it has 
not changed appreciably, will be repre¬ 
sented by A'B' (= AB in magnitude). 
Hence, since A'C is less than AC, the 
current output of generator 1 will have 
decreased despite the increase in speed of 
this machine. 

It is obvious that this argument can be 
only approximate, since the voltage regula¬ 
tion curves are determined for steady state 
conditions whereas the unstable condition 
of the system is essentially not a steady 
state condition. This has been the crux 
of many criticisms in* which it has been 
contended that an increase in the speed 
of generator 1 increases the terminal voltage, 
hence causes that machine to increase its 
current output; the action is cumulative 
and consequently, according to this argu¬ 
ment, the machine which increases speed 
Ultimately carries all the load and may 
drive the other generator as a motor. * 

The oscillogram of Fig. 3 shows current 
and speed of one of a pair of similar genera¬ 
tors (Fig. 2), tha voltage regulation curves 
of which are*pictured in Fig. 1. (Speed 
was meaSured by belting a small shunt 
generator to the machine and inserting a 
storage battery in the output circuit so 
that the voltage at the oscillograph was 
proportional to the difference between the 
actual speed and some datum near 1,700 
rpm. An upward deflection of a curve on 
the oscillograms indicates an increase in the 
corresponding quantity.) The oscillogram 
is typical of many. It covers a time inter¬ 
val of 15 sec, and was obtained by simul¬ 
taneously starting the photographic record 
and opening a circuit Breaker in the equal¬ 
izer, tife current in the latter being zero, 
The portion of the oscillogram to the right 
of the peaks in the curves shows the re¬ 
adjustment following the reclosing of the 


circuit breaker ^ the equalizer. In this 
case the process took place comparatively 
slowly,’the speed increasing while the cur¬ 
rent was decreasing. Fig. 4 shows the 
speed decreasing as th£ current increased. 
The action in this case fy 36 k place rapidly 
after it was once started; the speed de¬ 
creased sufficiently to cause a fuse in the 
corresponding oscillograph circuit to' bum 1 
out, giving rise to the straight heavy curve 
in tne right half of jhe-. figure, while the 
current, neglecting part of the curve due 
to overswing of the oscillograph element, 
increased rapidly and almost regularly. 

These oscillograms show conclusively that 
the majority argument given in the third 
paragraph of this letter cannot be„of uni¬ 
versal application. It cannot be claimed, 
however, that the oscillograms prove com¬ 
pletely the other point of view. The 
problem is one which defends on many 
factors—the system would be unstable 
without an equalizer if the speeds remained 
constant—but the oscillogram of Fig. 3 
does indicate that for the particular case the 
changes took place so slowly, comparatively, 
that the analysis using the steady state 
regulation curves would be expected to 
indicate at least qualitatively the action. 

Very truly yours, 

J. G. Brainerd (A’32) . » 

(Moore School "of Electrical 
Engineering, University of 
Pennsylvania, Philadelphia, 
Pa.) * 


Engineering 

FounJalion 


A Reading List * 
in Economics and Sociology 

Engineers recently have exhibited a 
marked increase of interest, in economics 
and sociology, and in the relation of engi¬ 
neering thereto. Thisj interest appears t or 
have become widespread and purposeful. 
To assist readers in these fields. The Engi¬ 
neering Foundation includes in its Research 
Narrative No. 190, the list of books and 
articles given below. The Engineering 
Foundation states that mention of a book 
in this list is not intended as an endorse* 
ment, nor should omission be taken to mean 
disapproval, nor has the order any sig¬ 
nificance. These books listed present varie¬ 
ties of subjects and views. 
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The Engineer in a Changing Society, W. E. 
Wickenden, Elec. Engg., July 1932, p. 466-71. 
Sociology oj& City Life, Niles Carpenter, Long¬ 
mans, Green & Co., New York, 1931, $3.90.. 

* Population Problems, Warren S. Thompson, 

McGraw-Hill Book Co., New York, 1930. $3.7*f 
The Instincts op the Herd in Peace and Waij, 
William Trotter, The Macmillan Co., New York, 
1930. $1.50. 

, The Epic op America, James Traslow Adams, 

Little, Brown and Co., Boston, 1931. $3.76. 

The Direction of Human Evolution, Edwin 
. Grant Conklin, Charles Scribner’s Sons. New York, 

1922. $2.60. • 

1 The Great Analysis, William Archer. Williams 

and Norgate* Ltd,, London, 1931. 2sbillings. 

• Fig*. 3 (Above) and 4 OUR Chaining Civilization, John Herman Ran- 
(Below). 0*cillograms ^ Jr - Frederick A Stokes c3 ’ New York> 1920 ' 

* • of machine* shown in taming Our Machines, Ralph E. Flanders, 

• the diagram of Fig. 2 Richard R. Smith, Inc., New York, 1931. $2.50. 

• *•*..*• 1 • 


v 


<*• 


- m-' 













TS A r Henry George, Baker & 

Taylor Co., New York, new edition 1931. $1.00. 

Bosinbss vs. Finance, David Cushman Coyle. 
Published by author, New York, 1932. 60 cents! 
Business Cycles, Wesley C. Mitchell, National 
$6 6^ U ° f Economi - < ; Research, New York, 1927. 



technical program 1930-32. His member¬ 
ship on the power transmission and dis¬ 
tribution committee dates from 1924 con¬ 
tinuing in unbroken service, his chairman¬ 
ship dating from 1930. <* 


The Growth op, American Trade Unions, Leo 
^.Wolnwn, National Bureau of Economic Research, 
New York, 1924. $3.00. 

Health and Wealth, l^ouis I. Dublin, Harper & 
Bros., New York, 1928. 1J3.00. 

Pathways Back to Prosperity, Charles Whiting 
Fuat ' & Wagnalls Co., New York, 1932. 

$2.50. 


Jobs, Machines and Capitalism, Arthur Dahl- 
berg, The Macmillan Co., New York, 1932. $3.00. 

The SwfepE Plan (for Stabilizing Industry), 
Gerard Swope (edited by J. George Frederick), 

The Business Bourse, New York, 1931. $3.50. 

^, BW „.^. OAD3 to -Prosperity, Paul M. Mazur, 
The Vtkmg Press, New York, 1932. $2.00. 

Emotion as the Basis of Civilization, Henry S. 
Dennison, Charles Scribner’s Sons, New York 
1928. $5.00. ' 

Emotional Currents in American History, 
Henry S. Dennison, Charles Scribner’s Sons. 
New York, 1932. $5.00. 

• The World’s Economic Dilemma, Ernest M. 
Patterson, McGraw-Hill Book Co., New York 
1931. $3.60. * 

* - 

The Tragedies op Progress, Gina Lombroso, 
E. P. Dutton & Co., New York, 1931. $3.75. 
Toward Civilization, Edited by Charles A. 
Beard. Longmans, Green & Co., New York, 1930. 
$3.00. 


Economic Behavior, 2 Vols., Atkins, Edwards, 
Friedrich, Houghton Mifflin Co., Boston, 1931. 
$8.50. 


Laissez-Faire and Communism, John Maynard 
Keynes, New Republic, Inc., New York, 1931. 
$ 1 . 00 . 

What Piucb Progress? Hugh Farrell, G. P. I*ut- 
nam’sSons, New York, 1926. $2.50. 

P owbr (Control, H. S. Rausenbtteh and Harry W. 
Laidler, New Republic, Inc., New York, 1931. 


New Russia’s Primer, M. Ilin (translated by 
Gedl-ge S. Counts and Nucia P. Lodge), Houghton 
Mifflin Co., Bostonrl931. $1.75. 

Impressions of SbvrsT Russia and the Revolu¬ 
tionary World, John Dewey, New Republic, Inc., 
New York, 1931. $1.00. 

- Piatilbtka: Russia’s 6-Year Plan, 

* Farbman, New Republic, Inc., New York, 1931. 
$ 1 . 00 . 


Research Procedure 
Committee Established 

„ With the approval of the 4 principal engi¬ 
neering societies, and following a recom¬ 
mendation by the endowment methods 
committee of United Engineering Trustees, 
Inc., a research procedure committee has 
been established by The Engineering 
Foundation. The members of this com¬ 
mittee appointed for the year 1932 and the 
Societies which they represent ore: Thad- 
deus Merriman, American Society of Civil 
Engineers; F. M. Becker, American Insti¬ 
tute of Medhanical Engineers; W. H. FuJ- 
weiler. The American Society of Mechanical 
Engineers; L. W. Chubb (F’21)> American 
Institute „of Electrical Engineers; and E. 

* DeGolyer, and D. R. Yama.ll, Engineering 
Foundation. 

The duties of this committee are to aid 
The Engineering Foundation in ascerta ining 
and meeting the research needs of the 4 
engineering societies and in-making intelli¬ 
gent selections among the numerous projects 
in which these societies are individually and 
collectively interested. 


P. H. Chase (A’12, M’18) chief engineer 
of the Philadelphia Electric Company, 
Philadelphia, Pa., will continue as chairman 
of the Institute’s technical ^committee on 
power transmission and distribution for the 
year following August 1 , 1932. Mr. Chase 
is a native of New Hampshire., Ha was 
graduated from Dartmouth College in 1907 
with the degree of A.Bo, received the degree 
of S.B. in E.E. from Massachusetts Insti¬ 
tute of Technology 2 years later, and the 
degree of M.E.E. from the Graduate School 
of Applied Science, Harvard University, in 
1910. Following the completion of these 
studies he joined the Public Service Electric 
Company of New Jersey as assistant to the 
superintendent of distribution for Newark, 
N. J., and for the greater portion of 2 years 
had general supervision over the commercial 
and railway substations of the Newark 
district. In 1912 he was transferred to the 
company’s engineering department, at first 
reporting to the electrical engineer in char ge 
of electrical design and construction of. 
power stations, but shortly advancing to 
the office of assistant engineer, his work 
covering all phases of estimating costs, 
preliminary and final design df power sta¬ 
tions and substations, making up specifica¬ 
tions, and the supervision of construction. 
For 4 years he was chief electrical mginPfr 
for the American Railways Company. He 
joined the Philadelphia Electric Company 
in 1921 as assistant engineer of the trans¬ 
mission and distribution division; in 1928 
he was advanced to the position of engineer 
in charge of the division.,, Mr. Chase has 
been active in several of tbe’representative 
engineering societies; in the Pennsylvania 
Electrical Association he has been, in ttffn, 
chairman of the overhead systems com¬ 
mittee, technical section chairman, 
treasurer, vice-president, and for thf year 
1926-7, president. He is past chairman of 
the Institute’s Philadelphia Section, holds 
membership in the National Electric Light 
Association, the Illuminating Engineering 
Society, and The American Society of 
Mechanical Engineers. He also is a mem¬ 
ber of the Engineers’ Club of Phila4elphia, 
the Penn Athletic Club, and the Philadel¬ 
phia Country Club. Other committee 
work for the A.I.E.E. has included service 
as a member of the committee on protective 
devices 1918-3$, standards 1917-^2, a«d 


c 

E. L. Moreland (A’ll, F’21) of Jackson 
and Moreland, Consulting Engineers, Bos¬ 
ton, Mass., has received his reappointment 
as chairman^ of the Institute* technical 
committee on transportation, to which he 
first was appointed in 1931. Mr. Moreland 
was bom at Lexington, Va., and in 1905 
was graduated from The Johns Hopkins 
University, Baltimore, Md., with the 
degree of A.B. in mathematics and physics. 
In 1908 he entered the employ of JD. C. 
Jackson (A’87, F’12, and past-president) 
and W.B. Jackson (A’97, F’13) consulting 
engineers in Chicago, Ill., and Boston, 
Mass., and served as a personal assistant 
to Mr. D. C. Jackson, senior member of 
the firm. In 1912 Mr. Moreland was made 
manager of the Boston Office of this firm, 
and in 1916 became one of the partners. 
From 1918 to 1919 he served first as captain 
and then major* in the engineers corps, 
American Expeditionary Forces, on a tech¬ 
nical board charged with the procurement 
of electrical and mechanical power for 
A.E.F. activities; *also as technical execu¬ 
tive on the War Damage Board, which was 
created to advise the American delegates 
to the Peace Conference with reference to 
damages to physical property caused in 
the allied countries by the war. Upon 
return from military service the partnership 
with D. C. Jackson was formed. *£he 
principal activities of the firm are as con¬ 
sulting engineers on the design apd super¬ 
vision of construction of power plants, 
and transmission and distribution systems 
for public utilities and large industrial 
plants; and on railroad electrifications, 
valuations, and rate investigations. Among * 
the most conspicuous pieces of work handled 
by the firm recently have been the electri¬ 
fication of the Great Northern Railway 
through the Cascades and the electrification 
of the suburban service of the Lackawanna 
Railroad out of Hoboken, N. J. In Insti¬ 
tute activities Mir. Moreland has served 
as chairman of the Boston Section; chair-, 
man of the electrical machinery committee’s 
subcommittee on rectifiers, as well as on 
the full committee from 1929 to 1931; * 
on the power generation committee 1929- 
31; and on the technical program cptn- 
mittee 1931-32. He was the Institute’s 
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nicai committed on applications to iron and 
steel production for the current year. *Mr. 
Schnure was bom at Milton, Pa., and was 
graduated from Bucknell University with 
his B.S. in E.E. in 191^;' his E.E. degree 
was conferred upon him in 1919. For a 
short period during 1914 he was with New 
York Railways as inspector of subway con¬ 
duit construction. Then he joined D. C. 
and W. B. Jackson'of “Boston, Mass., as 
inspector and supervisor of overhead lines 
and power house appraisal of'the Public 
Service Electric Company of New Jersey. 
The latter part of 1915 he joined the Penn¬ 
sylvania Railroad Company at Altoona, Pa., 
as draftsman on power house design and 
F. O. SCHNURE C. W. DRAKE R. A. BEEKMAN # layout. This was his position immediately 

• preceding his joining the -Bethlehem Steel 



« * 
representative on and chairman of the 

sectional committee on mercury arc recti¬ 
fiers organized under American Standards 
Association procedure, and has served on 
the Institute’s standards committee. Mr. 
Moreland has contributed frequently to 
Institute and other engineering publica¬ 
tions. He is a member of the Engineers’ 
Club, both in New*York and in Boston, and 
of the University and City Clubs in Boston. 


C. W. Rice (A’14, M524) assistant to the 
vice-presiSent in charge of engineering, 
General Electric Company, Schenectady, 
N. Y., by recent appointment was made 
chairman of the Institute’s technical com¬ 
mittee on research. Mr. Rice, who is the 
son of E. W. Rice, Jr. (past-president of the 
Institute, a member for life, and honorary 
chairman of the General Electric Company, 
Schenectady, N. Y.), was born at Lynn, 
Mass., and removed to Schenectady after 
the consolidation of the Thomson Houston 
and Edison General Electric companies. 
Early schooling was through home channels 
and in small private schools; at the age of 
13 he entered the second form of the Albany 
Academy, Albany, N. Y., and in the fall of 
1906, Harvard University, from which he 
received his S.B. degree in 1910 and his 
M.E.E. degree in 1911. The fall of 1911 he 
entered the testing department of the 
General Electric Company at Schenectady, 
,and the following December joined the 
consulting engineering department, where 
he worked under Dr. C. P. Steinmetz. 
* June 1917 he was transferred to the com¬ 
pany’s research laboratory, where his work 
wag principally on submarine detection de¬ 
vices, supersonic sound signaling, piezo¬ 
electric deVices, heat convection work, and 
a n<* inconsiderable amount of radio re¬ 
search investigation. He holds a number 
of patents in these fields. In May 1927 he 
was again transferred, to become assistant 
to the vice-president in charge of engineer¬ 
ing in the engineering general department, 
his present office. Mr. Rice’s contributions 
to technical literature have been many. 
He belongs to many representative pro¬ 
fessional and scientific bodies, including 
The American Physical Society, the Ameri¬ 
can Association *for the Advancement of 
Science, the Institute of Radio Engineers, 
and the Acoustical Society of America, of 
all of which he is a fellow; and a member 
of the American* Chemical Society and the 
Optiphl Society* of America. He i§ an en¬ 
thusiastic member of the Schenectady Glider 


Club and of the Edison Club. Mr. Rice 
has served the Institute on the following 
committees: educational, 1916-19; electro¬ 
physics, 1918-27; telegraphy and telephony, 
1922-24; communication, 1924-28; and the 
research committee of which he has just 
been made chairman, 1928-32. 


C. W. Drake (A’20, M’21) general engi¬ 
neer of the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa., will continue to serve the Institute’s 
technical aommittee * on general power 
applications as its chairman for the coming 
year, in accordance with recent reappoint¬ 
ment. Mr. Drake was born and educated 
in the city of Worcester, Mass., receiving 
his B.S. in E.E. from Worcester Polytechnic 
Institute in 1905. Leaving the New En¬ 
gland section, he identified himself with the 
Westinghouse Electric and Manufacturing 
Company, at East Pittsburgh, and for the 
greater portion,# 9 years worked with that 
organization’s sales department as com¬ 
mercial or industrial engineer. In 1914 he 
w&s transferred to the Chicago office of the 
company, still as industrial engineer, but 
in 1919 returned to East Pittsburgh as 
general engineer of the industrial motor 
section. Since 1908 he has been in re¬ 
sponsible charge of power and motor lay¬ 
outs for numerous industrial plants, paper 
milk, cement plants, and rubber mills. 
His work covered also the making of reports 
and estimates and supervision of installa¬ 
tions and tests, leading to developments for 
special application of new types of drives 
and controls. He also did considerable 
work with central stations, assisting them 
in,buildfng up their motor load. The carry¬ 
ing out of tests and investigations took him 
practically to all parts of the United States. 
For over a year he had charge of a section 
of the Westinghouse company which was 
devoted to general engineering on electric 
welding, oil well machinery, and sugar mill 
equipment. His committee work with, the 
* A.I.E.E. includes 3 years on the committee on 
industrial and domestic power, 8 years on the 
general power applications committee,. and 
2 years on the technical program committee. 


F. 0. Schnure (A’23) who since 1916 has 
been identified witli the Bethlehem Steel 
Company, Sparrows Point* Md., where he 
is now electrical superintendent, has been 
chosen as chairman of the Institute’s tech* 


Company, which he entered for miscellane¬ 
ous electrical test work on maintenance and 
construction. After a year and a half in 
charge of electrical layout on a 50,000,000 
dollar steel plant extension and 2 1 / i years 
as general foreman of electrical construction, 
he became foreman of the electrical repair 
shops. From this position he became 
assistant superintendent of the* electrical 
department, later to be made superinten¬ 
dent, the office which he now holds. Mr. 
Schnure is also a member of the Institute’s 
power generation committee, 1931-33, and 
in 1930 was elected president of the Associa¬ 
tion of Iron and Steel Electrical Engineers, 
a body in which he has been active over a 
considerable period of years, having served 
as <4iqirman of its Philadelphia section in 
1926-27, as a member of Various of its 
committees. While in Baltimore, fie served 
upon the executive committee qf the 
A.I.E.E. local Section; also' as a member 
of the educational committee of the Balti¬ 
more Chamber of Commerce during ^the 
years 1928-32. He has ]oeen a frequent 
contributor to technical literature both in 
papers before these several associations as 
well as through the technical press, writing 
on a variety of subjects dealing with the ap¬ 
plication of electricity to the steel industry. 

* 

0 * 

R. A. Beekman (A’l3, fil’27) engineer 
of the federal and marine department of the 
General Electric Company, Schenectady, 
N. Y., continues for the ensuing year as 
chair man of the Institute’s technical com* 
mittee on applications to marine work. 
Mr. Beekman is a native of St. Louis, Mo., 
and received his B.S. in E.E. from the 
University of Missouri in 1910. July of 
that year he entered the testing department 
of the General Electric Company, from 
which he was transferred to the marine 
engineering^ department, now the federal 
and marine department. He holds several 
patents appertaining to electric ship pro¬ 
pulsion; is a member of the Naval Archi¬ 
tects and Marine Engineers, and has served 
on the Institute’s committee on marine 
work since 1919, having been chairman since 
1930. He also has been the Institute’s 
representative on the American Marine 
Standards Committee since 1926. As chair¬ 
man of th$ Institute’s marine committee he 
is automatically a member of the Institute’s 
technical* program committee. Intimately 
associated with the General Electric Com¬ 
pany’s marine activities since 1912, he has 
spent considerable, time at sea. 


October 19,32 




W. S. Culver (A’28) \fho for 47 years 
has* been in the employ of the General 
Electric Company and its predecessors, 
and whose latest position with that com¬ 
pany has been district engineer of its 
East Central district with headquarters at 
Cleveland, Ohio, has retired from active 
'service effective October 1, 1932. Mr. 
Culver has been a pioneer in the electrical 
industry, his first* otftside work being the 
installation of a 35-light incandescent 
generator. * He was a close friend of Charles 
Francis Brush, of Cleveland, Ohio, the 
first man to bring out <a commercial arc 
light system in this country and the founder 
of the old Brush Electric Company, Mr. 
Culver’s first commercial connection in 
1885. Mr. Culver also has spent consider¬ 
able time in Manila installing electric light 
plants there. Upon his return to the United 
States he worked for awhile at the General 
Electric Company’s Limn plants, going to 
the central district then located in Cin¬ 
cinnati, Ohio, in 1902. His appointment as 
district engineer took place in 1907. 

• • - « 
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C. F. Hirshfeld (A ’05) who is chief of 
the research department of the Detroit 
Edison Company, Mich., has been chosen 
vicg-president of The American Society of 
Mechanical Engineers, an organization of 
which he has been a member since 1905. 
Always active in committee work, Doctor 
Hirshfdd has served the National Electric 
Light Association as chairman of its prime 
movers committee and of its engineering 
national section. For severaLyears he was 
a representative of the electric light and 
power group of the American Standards 
Association; he has served on many com¬ 
mittees of the A.S.M.E. In the committee 
work of thg Institute, Doctor Hirshfeld 
has served dn Ihe following: industrial and 
domestic power, May-August 1922, power 
stations 1922-24, power generation 1924-31, 
standards 1923-30, and electrical machinery 
1926-27. The degree of doctor of engi¬ 
neering was conferred upon him by Rensse¬ 
laer Polytechnic Institute, Troy, N. Y., 
June 1932, • 


m T. W. Carraway (A’21, M’32) who was 
vice-president of the Schwitzer-Cummins 
Company, Indianapolis, Ind., was trans¬ 
ferred to Providence, R. L, as manager of 
the unit cooler department of the Grinnell 
Company, Inc., when the unit cooler, unit 
heater, and automatic valve business of 
Schwitzer-Cummins was purchased by 
Grinnell. Mr. Carraway has fceen unusu¬ 
ally successful in the design and develop¬ 
ment of unit coolers and automatic equip¬ 
ment and is inventor of the Carraway 
automatic packless valve. 

L. E. Underwood (A’Q3, M’13) who has 
been serving the General Electric Company 
at Lynn, Mass., as managing engineer of 
the stationary, motor engineering depart¬ 
ment now has been appointed manager of 
the Pittsfield (Mass.) works. Mr. Under¬ 
wood initiated b*s service in the stationary 
motor engineering department in 1899; was 
made chief engineer in 1915, and in 1927 
managing engineer of the consolidated motor 

* • • ■ x \ *.*»'" * 
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department in. charge of engineering and 
manufacturing. 

J. E. H. Stevenot (AT3, M’17) vice- 
president and general manager of the 
Philippine Long Distance Telephone Com¬ 
pany, Manila, P.- I., by executive orders 
issued by Governor-General Theodore 
Roosevelt unt^r date of July 14, 1932, was 
made a member of a special* committee on 
coordination of electrical communications 
in the Philippine Islands. This committee 
will meet at least once every mDnth" and 
submit its report to the Secretary of Com¬ 
merce and Communications. 

Ci S. Lumley (A’23, M’29) who was elec¬ 
trical engineer for Smith, Hinchman and 
Grylls, Detroit, Mich., recently removed 
to Brookline, Mass., to become executive 
engineer of the Longwood Towers Corpora¬ 
tion. Mr. Lumley has been with the De¬ 
troit interests, in charge of the municipal 
power plant project for the past 6 years; 
he also was chairman of the Institute’s 
Detroit-Ann Arbor Section and a member 
of its membership and meetings and papers 
committees. 

G. C. Neff (MT6) vice-president of the 
Wisconsin Power and Light Company, 
succeeds M. J. Insull (A’99) as president of 
the Middle West* Utilities* Company, 
Chicago, HI., according to information 
recently made public. Mr. Neff has been 
chief operating executive of the Wisconsin 
Light and Power Company for several 
years. He has been active in the National 
Electric Light Association and in the pro¬ 
motion of rural electrification. 

J. M. Barry (A’U) heretofore vice- 
president in charge of operation for the 
Alabama Power Company, Birmingham, 
Ala., recently succeeded to the office Jof 
vice-president and -general manager. He 
has been with the company since 1923, when 
he became manager of its southern division; 
thereafter he was made manager of retail 
operation, and in May 1927 he took up his 
duties as vice-president in charge of opera¬ 
tion. 

C. W. Fick (A’l(f, M’25) who has been 
serving the General Electric Company's 
East Central district at Cleveland, Ohio, 
as assistant district engineer, effective 
October 1, 1932* became district engineer, 
succeeding W. S- Culver (A’28),•retired. 
Mr. Fick prior to becoming assistant to Mr. 
Culver was northwestern engineer for the 
General Electric Company at Portland, Ore. 

C. W. Adams (A’20) formerly with the 
United States Graphite Company of Sagi¬ 
naw, Mich., became affiliated on Septem- # 
ber 15, 1931, with the Speer Oarbon Com¬ 
pany of St. Marys, Ba., in the capacity of 
sales and consulting engineer at Sagi*aw, 
Mich. (Electrical Engineering for Au¬ 
gust 1932, p. 603, Erroneously stated Mr. 
Adam’s position and address.)^ 

W. S. Gifford (A’M3) president of the 
American Telephone and Telegraph Com¬ 
pany,. New Yqrk, N. Y, under date of 
August 5, 1932, withdraw from his work 

• . . ■ 


as active director of the President’s organi¬ 
zation on unemployment relief at Washing¬ 
ton, D. C., and will again devote his full 
time to the office of president of his com¬ 
pany. c 

c 

J. E. E. Royer (AT5) who recently be¬ 
came vice-president as well as general 
manager of the Washington Wate$ Power 
Company (Electrical Engineering, July 
1932, p. 530) at a recent meeting of the 
Northwest Electric Light and Power Asso¬ 
ciation was elected president of that 
organization. 

* 

Gerald Deakin (A’07, M’13) formerly 
vice-president and European technical di¬ 
rector of the International Standard.Elec¬ 
tric Corporation at London, has returned 
to New. York City to become technical 
director in charge of manufacturing and 
laboratory companies of the International 
Telephone and Telegraph Corporation. 

E. H. Pemberton (h’ 32) who in the 
spring of 1931 was graduated from the 
General Electric Company’s general course 
consisting of higher studies in electrical 
engineering and principles of business an$ 
management, now is teaching mathematics 
and physics at the las Animas High School, 
Las Animas, Colo. ’ r 

J. J. Albright, Jr. (A’21) previously 
manager of the power distribution central 
division of the Niagara Hudson Power Cor¬ 
poration, and more recently with the Ni¬ 
agara Lockport and Ontario Power Com¬ 
pany at Syracuse, N. Y., now has joined 
the Syracuse Lighting Company of that 
city. 

P. M. Downing (A^8, M’08) first vice- 
president and general manager of the 
Pacific Gas and Electric Company, San 
Francisco, Calif., recently was appointed 
chairman of the national sales section, an 
outgrowth of the former commercial section, 
of the National Electric Light Association. 

A 

Albert Brunt (A’14) who for some time 
has been director of the Sodeta per Con- 
strutioni Elektromechaniele di Saronno, - 
Saronno, Italy, recently returned to Holland 
where he graduated from the Delft Uni¬ 
versity in 1906, to become export manager ' 
of the Werkspoor, at Amsterdam. 

a 

Dean Harvey (A’04, M’13)r has been 
chosen by The American Society for Testing 
Materials to serve as its chairman of‘com¬ 
mittee B-4 on electrical heating, electrical 
resistance and electric furnace alloys. He 
also is vice-chairman of its committee D-9 
on.electrical insulating materials. 

Alex Dow (A’93, F’13) president of the 
Detroit Edison Company, and a past- 
president of The- American Society of 
Mechanical Engineers, has been appointed 
chief of the Detroit Ordnance District, a 
most important locality in Ordnance indus¬ 
trial procurement organization. 

Thomas Spooner (A’li, EJ29) manager 
of the central division research laboratories 
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Of the Westinghouse Electric and Manu¬ 
facturing Company, East Pittsburgh, Pa., 
recently became chairman of the American 
Society for Testing Materials committee 
A-6 on magnetic properties. 

• 

H. S. Vassar (A’06, MT8) laboratory 
engineer of the Public Service Electric and 
Gas Company, Newark, N. J., recently was 
made a member of the executive committee 
of The American Society for Testing Mate¬ 
rials. His history with his. pibsent company 
dates from the year 1903. 

H. V. Dobson (A’28) city electrical in¬ 
spector for Santa Barbara, Calif., was chosen 
to serve as chairman of*the committee in 
charge of arrangements for the annual con¬ 
vention of the International Association of 
Electrical Inspectors held in Santa Barbara 
September 12-14,1932. 

M. V. Watson (A’07) vice-president and 
general manager ^>f the West Coast Power 
Company, Portlaijd, Ore., at a recent meet¬ 
ing of the North West Electric Light and 
Power Association was elected a member-at- 
large of the executive committee to repre- 
*sent utilities. 

% * 

A. S. Moody (A’09) northwestern mana¬ 
ger of the General Electric Company, Port¬ 
land, Ore., was elected a member-at-large 
on the executive committee of the North¬ 
west Electric Light and Power Association, 
in Portland, Ore., to represent 'the manu¬ 
facturers. 

C. W. Bates (A’08, MT3) who for the 
past year or *so has been in the research 
department of Ledds and Northrup Com¬ 
pany, Philadelphia, Pa., in August 1932 
became a member of the technical staff of 
The Franklin Institute Museum in that 
city. 

A. B. Day (M’16) president and general 
manager of the Los Angeles*Gas and Electric 
Corporation, Los Angeles, Calif., is a mem¬ 
ber of the recently appointed executive com¬ 
mittee of the Pacific Coast division of the 
National Electric Light Association. 

H. L. Curtis (A’21, F’26) principal 
physicist of the United States Bureau of 
Standards, Washington, D. C., recently 
assumed the chairmanship of the American 
Society for Testing Materials committee 
D-9 on electrical insulating materials. 

X. T. Merwin (ATO) vice-president and 
general manager of the Northwestern, 
Electric Company, Portland, Ore., was 
named vice-president of the Northwest 
Electric Light and Power Association at the 
executive meeting July 30,1932. 

* 

Frederick Aemmer (A’27) who has been 
serving the New York Edison Company, 
New York, N. Y., as assistant engineer, 
recently was ihade operating manager of 
Kraftwerke, Dberhasli Povj,er Company, 
Innertkirchen, Switzerland. 

October 1932 


E. W. Feller (A’27) who has been in the 
operating department of the Pennsylvania 
Water and Power Company at Holtwood, 
Pa., has gone to Safe Harbor, Pa., to join 
the operating department of the Safe Harbor 
Water Power Corporation. 

A. S. Goldman (A’28) who was formerly 
purchasing agent for the People’s Light and 
Power Corporation, New “York, N: Y., 
recently was made division manager of the 
California Public Service Company, at 
Fort Brftgg, Calif. 

« 

R. W. MacGregor (A’30) who at one 
time was affiliated with the International 
General Electric Company, at Schenectady, 
N. Y., now is in the commercial department 
of the Winters National Bank and Trust 
Company, Dayton, Ohio. 

Tom Hairston (A’30) who has been 
associated with the Public Utilities Com¬ 
mission of the District of Columbia, Wash¬ 
ington, D. C., recently accepted a position 
with the Gustav Hirsch organization of 
Columbus, Ohio. 

H. E. Dexter (A’14, M’17) who for some 
years has been assistant general commercial 
manager of the Central Hudson Gas and 
Electric Cbmpany, Poughkeepsie, N. Y., 
recently appointed as its general commer¬ 
cial manager. 

H. K. Munroe (M’17) who was vice¬ 
-president of the Continental Pipe Manu¬ 
facturing Company, Seattle, Wash., now is 
vice-president of the American Plumbing 
and Steam Supply Company, Tacoma, 
Wash. * 

* 

* R. F. Pack (A’ll, M’12) president of the 
Northern States Pow,er Company, Minne¬ 
apolis, Minn., has received appointment to 
ehgftman of the rehabilitation committee of 
the Ninth Federal Reserve District. 

H. L. Paulding (A’31) who for some time 
has been interested in the. development of 
printing telegraph apparatus, recently be¬ 
came electrical enginSer of Dow, Jones and 
Company, Inc., New York, N. Y. 

E. A. Wagner (A’08, F’27) has retired 
from the office of manager of the General 
Electric Company’s Pittsfield works, as 
recently announced through company chan- 
* nels. 

L. B. Bend&r (A’20, M’27) major of the 
Signal Corps, U.S. Army, Army War Col¬ 
lege, Washington, D. C., has been trans- 
* ferred to £ort Hayes, Columbus, Ohio. 

* 

7. T. Danko (A’31) has removed from 
McKeesport, Pa., to become instructor in 
mathematics and electricity at the Ali- 
quippa (Pa.} high school. 

R. A. MbnbndAz (A’31) recently became 
assistant to the electrical engineer of the 
Hamischfeger C^oratioo, operating in the 
city of Milwaukee, Wis. 


Olifuary 

-«■ 


Magnus Washington Alexander (A’12, 
M’14) for the past 16 years’ president of the 
National Industrial Conference Board, Inc.,' 1 „ 
New York, N. Y., died at his home in New 
York City on September 10, 1932, of heart 
attack. He was 62 years of age. Doctor 
Alexander was a native of New’ 1 York City, 
but his general education was acquired in 
Vienna, Austria, first attending gymnasium 
there and later a college of mechanical engi¬ 
neering and mining academy for metallur¬ 
gical engineering. In 1894 he joined the 
Weston Electrical Instrument Company, 
Newark, N. J., as draftsman, changing the 
following year to become draftsman and 
section chief draftsman on d-c motors and 
generators, and transformers for the West¬ 
inghouse Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pa. In 1899 he 
removed to Chicago to become chief drafts- * 
man for the Siemens Halske Electric Com¬ 
pany for one year, after which h© joined the 
General Electric Company," West Lynn, 
Mass., first as engineer in charge of the 
drawing office for 8 years and then on eco¬ 
nomic-and executive work, including educa¬ 
tional activities. ' His service with* the 
General Electric Company extended over a 
period of 18 years. In 1918 he was made 
engineer on economic issues in a consulting 
capacity. In 1916 he helped tb organize 
the National Industrial Conference Board, 
devoted to industrial planning and research, 
and by 1919'he was giving the majo^portion 
of his time to its development. In 1920 the 
board moved its offices from Boston, Mass., - 
to New York City, but during a portion of 
the 4 years just prior to his return to New 
York, Mr. Alexander was prominent also as 
rVmirmgn of the Massachusetts Commission 
on Old Age, Annuities and Pensions and as a 
member of the Massachusetts Commission „ 
on Compensation for Industrial Accidents. * 
As the scope of the industrial conference 
board broadened, Mf. Alexander more and 
more assumed the r61e of spokesman for 
some of the greatest industries of the nation. 
In Washington in 1919 he opposed the 
principle of collective bargaining between 
capital and labor. In 1918 Mr. Alexander 
opposed the circulation of a school^ bopk 
called "Lessons in Community and Private 
Life” the foreword of which was written by 
President Wilson, the basis of his opposition 
being that it taught the children to favor 
social insurance, labor unionism, and gov¬ 
ernmental control of private activities. In 
November of 1930 Mr. Alexander criticized 
the retailers for not having cut their prices, 
stating that ‘ ‘when retail prices have reached 
a sufficiently low level and not soonej; twill 
there be a distinct inducement for the public 
to buy.” Last April, in addressing fhe 
graduating class of the General Society of 
Mechanics and Tradesmen, he said, "When 
all is said and done the conclusion would 
seem to be justified that the basic cause of 
the recent colossal collapse was overindul¬ 
gence in the expansion of industrial plants 
and equipment, in production, in stimula¬ 
tion of production by excessive advertising, 
’high-pressure salesmanship and instalment 
selling ; overindulgence in spending, and 
overindulgence hi speculation.” 
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Grover Cleveland St^rroN (A’11) a 
member of the Institute’s Spokane §ection 
and at? the time of his death vice-president 
of the General Machinery Company, Spo¬ 
kane, Wash., died in that city August 2, 
1932. Mr. Sutton was a native of Worton, 
Md.; he studied electrical engineering first 
by a Correspondence school course; then 
attended Washington College at Ches^er- 
town, Md., from which he won his A.B. 
degree, and still later studying at Carnegie 
Institute of "Technology, then known as the 
Carnegie Technical Schools. His first com-. 
mercial affiliation was as c chief engineer of 
the Chestertown Electric Light and Power 
Company, Chestertown, Md. This was 
during his last 2 years at college. In 1907 
he became an engineering apprentice with 
the Westinghouse Electric and Manu¬ 
facturing Company, at Pittsburgh, Pa., and 
2 years later was sent to Spokane, Wash., 
as salesman for this company. The years’ 
1910-12 were spent as erecting and oper¬ 
ating engineer in saw mill electrification, 
after which he became purchasing agent for 
saw mill, logging, and all related operations. 
In tjfcus capacity he was responsible for all 
engineering in-connection with an extensive 
logging and lumber manufacturing business, 
advising as to the necessity of purchase on 
all matters coming within his jurisdiction. 


Charles Shirley McGill (A*21) who 
has been serving the Delaware Power and 
Light Cojnpany of Wilmington, Del., as 
plant fuperintendent, died the latter part 
of August 1932. Bom at Leesburg, Lou¬ 
doun County, ¥a., Mr. McGill attended the 
.Leesburg Academy, and later the East 
High School in Washington, D. C. He took 
a private course in higher mathematics 
under Prof. Brant£ Rossell at Johns Hopkins 
University, and" further studied mathe¬ 
matics and electrical engineering by corre- 
. spondence. In 1895 at the age of 18 he 
- became a shop apprentice with the Metro¬ 
politan Railway Company, Washington, 
D. C., remaining these until 1897 when he 
was engaged as a switchboard operator by 
the Columbus Edison Company at Colum¬ 
bus, Ohio. In 1900 he left Columbus to 
accept work as apprentice and salesman D f 
the Westinghouse Electric and Manufac¬ 
turing Company, to operate both at Pitts¬ 
burgh; Pa., and Baltimore, Md. Four years 
later the Houston Coal and Coke Company 
of Elkhom, W. Va., made him its chief 
electrician; he simultaneously performed 
like duties for the Thacker Coal and Coke 
Company, at Thacker, W. Va., installing 
and placing in operation power house and 
mine haulage for these 2 companies. In 
1907 the Western Electric Company, Cin¬ 
cinnati, Ohio, made him assistant sales 
manaiger, but in 1909 he changed to become 
sales engineer for Allis-Chalmers Manu¬ 
facturing Company, Cleveland, Ohio. Re¬ 
turning again to Cincinnati in 1911 he be¬ 
came branch manager of the Crocker- 
Wheeler Company, 4 years later to return 
to the Allis-Chalmers Manufacturing Com¬ 
pany, this time at Huntington, W. Va., as 
branch manager. In 1916 he iook up 
poorer engineering with the WflmingtOn and 
Philadelphia Traction Company, anfl a year 
later was advanced to the office of electrical ' 
superintendent. 


Max Kushlan (A ’28) electrical squad 
chief of the New England Power Construc¬ 
tion Company, Mattapan, Mass., died in 
Boston, Mass., August 1932, following an 
operation. He was bom at Minsk, Russia, 
but came to the United States at an early 
age and attended the English High School 
at Boston, Mass., Tufts College, at Med¬ 
ford, Mass., and the Massachusetts Insti¬ 
tute of Technology, Cambridge, Mass., 
from which latter institution he received 
his S.B. degree. From 1909 to 1910 he was 
a cable tester for the Boston Elevated 
Railway Company; then he joined Stone 
and Webster, Inc., as a draftsman remaining 
with this organization until 1912 when he 
went as assistant mechanical engineer to the 
Goldschmidt Detirming Company, East 
Chicago, Ind. Remaining there until 1913, 
he joined Sargent and Lundy, Chicago, III, 
as electrical draftsman; 2 years later he 
became engineering draftsman for the City 
of Chicago. In 1916 his title was changed 
. to designing engineer, city of Chicago, and 
he was made assistant to the head of the 
division of bridges, in responsible charge of 
design of mechanical and electrical equip¬ 
ment for bascule bridges, his work including 
reports and specifications. The year 1920 
found him electrical engineer of the Bascule 
Bridge Company, Chicago, directing elec¬ 
trical design work in the office and super¬ 
vising the work in th^field. He also repre¬ 
sented his firm at conferences with clients. 
In 1921. he established his own business as 
engineer and contractor, but the following 
year joined the Brooklyn Edison Company, 
Brooklyn, N. Y., as electrical checker, a 


service which he continued until 1923, whefi 
Stone and Webster, Inc., made him its 
electrical designer in responsible charge 
supervising and checking electrical drawings 
and estimates in connection with power 
station design. Mr. Kushlan was the 
author of "The Gas Motor” and "Freehand 
Drawing,” and contributed articles to tech¬ 
nical magazines. 


James Andrew Shepard (A’13) assistant 
general manager of the Roan Antelope Cop¬ 
per Mines, Ltd., Luanshya, Northern Rho¬ 
desia, died July 13, 1932, following a hos¬ 
pital stay of some 10 days. He was bom 
in Deming, New Mexico, in 1889 anfl was 
graduated as an electrical engineer from 
the Rose Polytechnic Institute, Terre 
Haute, Ind. From there he entered the 
electrical department of the Detroit Copper 
Mining Company, Morenci, Ariz. Upon 
leaving Morenci, Mr. Shepard served the 
Public Utilities Companies in Deming and 
Tucson, Ariz., and was’" later appointed 
manager of the Bisbee-IJaco Water Com¬ 
pany. In 1926 he joined the Phelps Dodge 
Corporation at itsr Copper Queens branch 
at Bisbee, Ariz., first as assistant general 
manager, and when the general superin-* 
tendent was transferred to Northern Rho¬ 
desia, Mr. Shepard took over his duties. In 
1929 Mr. Shepard went with the Roan 
Antelope Copper Mines, Ltd., as assistant 
general manager, where he was greatly 
respected by every one with whom he came 
in contact., 
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Future Section Meetings 


Dallas 

October 17— Vibration of Electrical Con¬ 
ductors, by R. A. Monroe, Aluminum Co. of 
America. Illus. 

Lehigh Valley * 

. 14 ~Electrons at Work and*Play, 

by Phillips Thomas, Research Engr., Westinghouse 
Elec. & ]Mfg. Co. Meeting to be held at the 
Traylor Hotel, Allentown, Pa, 

New York • 

October 14—Opening meeting of power*groups 
meeting devoted 19 “Serving the Electric Con- 
s ““L r - _ Tbe utility's problem will be presented 
by H ; Sea™*. The New York Edison and 
United Electric Light and Power Companies, while 
contractor s problem will be discussed by 
Allan Coggeshall, Pfcsident, Hattel and Buehler, 
Inc. Discussion of items such as demand factor 
power factor, voltage requirements, motor starting 
currents, and attendant costs will illustrate that 
each of the 2 agencies, utility and contractors, 
must work with an understanding ind appreciation 
of the functions and problems of the other, in order 
® erv ‘ ce of * M* standard may be rendered. 
The meeting will convene at 7:30 p.n»., and will be 
adjourned promptly at $:30. Non-members are 
welcome. Discussion is open to all. The location 
Building^ 00111Flfth Floor * Engineering Societies 
Pittsfield 

C “* A ' ™ 


Past Section Meeting 


760 


• • 


JS 

Mexico „ 

Vacuum Tubbs and Applications to Industry, 

iJUfSa. G “ 1 - E '“- C ° 

Milwaukee 

tt fT IC Wo ?^ s ’ by Maj.-Genl. Lytle Brown, 
of'Muta“kee/ wlth the EngrS ’ Soc ’ 

Pittsfield 

Excursion. Aug. 31. Att. 227. " 

Spokane - 

'r , SC , IBNC A B ’ by E - L- Manning, 
t*enl. Elec. Co. Julyl. Att. 450. 

Toledo 

AtDlscussion 0 f activities for coming year. Sept. 0. 


Past Branch Meetings 

University of California 

Dr. L. E. Reukema, counselor, reported on the 
summer convention held at Cleveland O Dr 
L. F. Fuller outlined changes and activities in the 
elec. engg. dept, during the coming year Motion 
pictures, Aug, 24. Att. 70. ouon 

Drfixel Institute 

VAMm °*"x-Rays, by Ed¬ 
ward Chvefc student. Aug. 16 . Att. 7, 

..z« . . * 
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Employment IVoftes 

Of iLe Engineering Societies Employment S 


Men * ^ 
Available 


Construction 

E.E., grad., 35, married; 10 years experience as 
electrician, construction foreman, substation opera¬ 
tor. Elec, welding experiments; 3 yr* utility, 
drafting and engg.; 3y» yr. Western Elec. mech. 
and elac. designs, wiring diagrams and genl. 
industrial plant construction?. Best references. 
Scandinavian languages. D-1363. ; 

GRAD. E.E., 29; 5 yr. supervisory construction, 
design, estimating, and field engg. experience on 
super-pwr. plants and substations; 4 yr. industrial 
pwr. plant operation, elec, construction and main¬ 
tenance experience; ry. electrification construction 
experience. C-4428. 

PRACTICAL ELEC. CONSTR. CHIEF, 32, 
single, 14 yr. experience in construction also main¬ 
tenance work. Last 4 yr. in Latin America. Can 
speak Spanish and German fairly well. Available 
immediately.' Location, immaterial. C-2101. 

YALE GRAD., 1927, B.S. fh E.E., desires engg. 
position or teaching, l 1 /* yr- experience testing ry. 
lig. equip.; 3 1 /* yr- design and application of outside 
plant hardware In natl. utility. Also experience in 
operation of small pwr. plant. Location preferred 
East. D-1305. . , 

• 

ELEC. CONSTR. ENGR., with 10 yr. practical 
experience in elec, constr. of new and old bldgs., 
including estimating, field engg. and designing. 
Have had complete charge of elec, constr. on many 
bldgs, in N. Y. City and can furnish the best of 
references. Available at once. A-859. 


A-860. 


emee 


Location vicinity of New yorlt? Available im¬ 
mediately. D-1455. 

Executives 

E.E., vtniv. grad., 4 yr. experience, drafting, 
design, construction and engg. of modern hydro 
and steam pwr. plants, substations and ry, elec¬ 
trification, 5 1 /* yr. witSi leading mfg. concern in 
engg. of automatic and manual switchgear equip. 
Foreign languages. Desires position with utility, 
engg., mfg. or ry. concern. Location, immaterial. 
B-7938. 

ELEC. AND ILLUM. ENGR., Mem. A.I.E.E., 
I.E.S., 26 yr. experience commercial and industrial 
wiring and construction. Would like to connect 
with progressive contractor; estimating, engg., 
supervising, soliciting and selliag work on quality 
rather than on price. Moderate salary to grow 
with business. Any location. C-8460. 

E.E. GRAD., 29, married, 7 yr. broad experience, 
powerhouse, substation and transmission line de¬ 
sign; major apparatus application, cost estimate, 
and equipment specifications. Excellent references. 
Desires connection with holding company, utility or 
mfr. D-678. 

_ CHIEF ENGR., 42, married, practical, aggres¬ 
sive executive, with 20 yr. experience in design, 
development, production, sales and application of 
elec, material handling and. factory equip. Avail¬ 
able now. A-445. • 

ASSOC. A.I.E.E., B.E.3J-, *21, 39, single, 2S/* yr. 
additional stifdy civ. engr.; 3 yr. steam R.R. 
valuation, elec, and mech. branch: 11 yr. track 
dept., large st. ry, property. Field engr., track 
supervisor and asst, to supt. maintenance; 5 yr. 
estimator track constr. semi-working knowledge 
spec, trackwork design. Location optional. 
D-1302. 


utilities, estimatinpand designing transmission lines, 
substations and distribution systems; also reports 
and valuation of elec, properties. Speaks and rfeads 
German. Available immediately. Locatidn, im¬ 
material. B-8649. 

ENGR. EXEC.,- M.E.,-ld. I. T. grad.; 17 yr. 
broad experience in mfg. dehign and layout of 
plants; maintenance, xngmt. of machine shops, 
foundries, woodworking plants and other industrial 
plants. Purchasing. Traveled as mfrs.* repre--, 
sentative abroad. Knowledge of Russian, German. 
B-2589. 

E.E. also B.S. in M.E. and C.E., 37; married. 
Splendid 15-yr. record of engg. accomplishments 
including design, development, application, super¬ 
vision and exec, charge. Best reference. Desires 
opportunity where education and experience will 
prove valuable. Correspondence invited for more 
particulars. D-1494S 

EXEC., univ. grad., 16 yr. experience^in engg., 
mfg. and sales. Will consider proposition on 
salary or salary and commission basis. Location 
any place in U. S. A., although New York or 
vicinity preferred. Available at once. Prepared 
to travel. A-3946. 

GRAD. ELEC., HYDROELEC. ENGR., 31, 
married, 2 yr. experience marine elec, installation; 
8 yr. design, construction of steam, hydro pwr. 
plants, outdoor, indoor substations, transmission, 
distribution lines, wiring diag., indus. plants, 
office bldg., estimating, preparation of specifications. 
Desires position, utility, cons. engg. firm, industrial 
concern. Consider any location. Available im¬ 
mediately. D-212. 

Inspection - „ 

ELEC. GRAD., 38, single; 6 yr.'experience fac¬ 
tory testing—W. E. & M. Co., E. Pittsburgh, Pa.; 

1 yr. steel co. installing and testing elec, equip. 
Six months factory inspection of transformers, 
2 l /i yr. genl. inspection of elec, equip, withe insur¬ 
ance co. Good reference. Available immediately. 
Any location. D-1461. 

Instruction 

E.E. GRAD., 1929; 3 yr. instructor of economics 
of engg. Grad, work in economics and business 
administration. Desires to teach economics and 
related subjects to engrs. or to get into any kind of 
engg. mgmt. Available immediately. n Location, 
immaterial. D-1405. 


Consulting 

.CONS. ENGR., Grad. E.E., 31. with Am. and 
S. Am. experience in distribution and transmission , 
nst 
id 

opening in consulting office, 
and salary secondary. D-1383. 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


Design and Development 

E.E., 31, single, Am., 4 yr. experience in design 
of sound reproducing equip., 6 yr. of practical ry. 
signaling work in field and office, part m foreign 
countries, speaks and writes German, - Spanish and 
French, wishes engineer’s position in the elec-mech. 
field, location anywhere. Available immediately. 
C-5056. 

SWITCHBOARD DESIGNER. 29, married, 0 
yr. experience in design of a-c. ajd d-c. pwr. plant 
switchboards, motor controls, wiring schemes, 
switchboard: estimating, sales, erection supervision 
and engg. Also 3 yr. experience on manual and 
automatic tel. switchboards. Desires position as 
‘ designer, estimator or sales engr. Location in East 
preferred. D-1423. 

ELEC. DESIGNER, 30, married, 6 yr. experi¬ 
ence with telegraph company, competent drafts¬ 
man; speaks Spanish correctly and fluently. Will 
accept domestic or foreign location. Available at 
oneg. D-1442, 

E.E., 10«yr. experience. B.S. Worcester P. I. 
1922. E.E. 1024. A’26, M‘32, Section chm. '32 
A.I,E 4 B. Single, 32, 8 yr. experience Westing- 
House transformers and auxiliaries, 2 yr. executive 
experience. Possesses inventive and natural abil¬ 
ity, personality and adaptability. Capable of 
assuming responsibility. Location, immaterial, 
New England preferred. D-1443. 

ELEC. DESIGNER, 32, married, equivalent of 
col. education, best of references, 14 yr. experience 
in design of hydroelectric and steam pwr. plants, 
auto, ry., high and low tension substations and 
low tension network systems. Available at once. 
Location, immaterial. B-8628. 

E.E. GRAD., 30, married 5 yr. with Westing- 
house design and application of protective relays, 
3 yr. with utility #as switchboard designer and 
kindred work. Desires position with utility or 
mfr. Location preferred. Southwest, but any¬ 
where acceptable. Available immediately. D-1470. 

B.S. In E.E. 1929. 34 months of Westinghouse 
test including industrial motors, large generating 
apparatus and*ry. motors. Interest edin securing 
a position with a Surge industrial codcem «or utility. 


October* 1932 


57 Post St 
San Francisco 


205 West Wacker Drive 
Chicago 


31 West 39th Si. 
New York * 


AINTAINED by the national societies of civil, 
IVI mining, mechanical, and electrical engineers. 
In cooperation with the Western Society of Engi¬ 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An inquiry addressed to any of the 
three offices wilt bring full information concerning 
the services of this bureau. 

Man Available. —Brief announcements will be 
published without charger repeated only upon 
sp«:lf)c request and after one month's interval. 
Names and records remain on Ale for three months; 
renewable upon request Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. • • 


TO AM. ENGG. CONCERNS operating in 
Spanish speaking countries—B.S, in E.B., 1929,' 
single;. 3 yr. genl. engg. experience, including 
erecting ana testing pwr. equip.; conducting ilium# 
and voltage surveys. Can speak English and 
Spanish equally well. Tech, . administrative type 
t of Individual. D-1462. 

E.E., M.E * 22-yr. experience, designing, .constr. 
pwr. plants, substations,transmission, distribution 
systems, and industrial plants. Three yr. charge 
purchasing engg. equip., foreigb interests; 8 yr. 
exec, experience, charge engg. dept, large utility. 
English, German, Russia*. Armenian, Turkish 
languages. Available immediately. D-84. 

E.E#, 34, 10 yr. experience covering design, cost 
estimating and equip, specifications of pwr. plants, 
copper refineries, indoor.and outdoor substations,, 
transmission lines andnndustrial work, Also 1 yr. 
experience as asst, research engr, with cable co. 
C-5478. •• 

B.B., grad;, 34, tingle; 7 yr. experience with 


Opportunities.—A weekly bulletin of engineer¬ 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable In advance. 

1 

Voluntary Contributions.—Members benefiting 
through this service are Invited to assist in Its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cSnt of 
the Brit year's salary. 

• 

Answers to Announcements.—Address the key 
number Indicated in each case and mall to the New 
York office, with an extra three-ccnt stamp enclosed 
for forwarding. 


PHYSICIST, 49, married, Ph.D.; 7 yr. univ. 
teaching experience, Yale, U. of III.; .1 yr. study 
Rutherford, Eng.; 15 yr, experience, directing, 
carrying on research in heat transmission and 
phases elec, and mech. lines 2 large induggftal 
concerns. Present position being discontinued. 
Desires position of responsibility, univ. teaching or 
industrial research. D-1366. 

Junior Engineers 

E.E. GRAD, with honors, 1932, Ala. P. I., 23,• 
single. Speaks fluently Greek and English# De¬ 
sires experience and is willing to work. Worked 
way through col. Excellent references. Interested 
in sales work. Glad to hear from you. D-1384. 

ELEC. INSTRUMENTS, 0 yr. mfg. experience 
, pyrometer indicators, controllers and recorders, 
specialised' on galvanometer construction. B.S. 
1922 chem. : engg., Pennsylvania St. Col, At 
Columbia 1931-1932 studying elec, and physics. 
Single, 31; Any line elec, mfg., testing, etc. 
Location, NeW York or East. D-1382. 





GRAI). E.E., Rensselaer P. If, 1032; 22; single. 
Desires any kind of work in the elec, field. Loca¬ 
tion? immaterial. Available at onec. D-I397. 

MOVING PICTURE SOUND staff position 
desired by Carnegie Tech grad. (1032). Prefers 
position with an cfoport unity for research in the 
transmission of movnfg pictures, 8 yr. experience as 
moving picture operator (present employment). 
Experienced in taking pictures and developing 
•films. ‘Married, 26. D-1410. 

B.S. in E.E., 1032, Mich. Col. of Min. and Tech., 
married, 23, desires ■’position in any engg. field. 
Good scholastic record. Tau Beta Pi. Salary 
and location, immaterial. Available at once. 
D-1418. * 


. RENSSELAER P. I. GRAD., elec, engr., 23, 
single. Wishes position in any elec, field. Has 
worked 1 summer with Pub. Serv. of N. J. and 1 
summer with G. E. Co. in N. Y. City shop. Avail¬ 
able at once. D-1158. 

E.E., 21,. B.S. in E.E.; 1 yr. experience in elec, 
motor repair and constr. Interested in elec. pwr. 
engg. Location, immaterial. Available imme¬ 
diately. D-1485. , 

E.E. GRAD., Northeastern Univ. 1032, single, 
21; 1 yr.. transformer testing. » Good references. 

. Prefer position with jjtility, but will consider any¬ 
thing. Salary and location, secondary. Available 
immediately. D-1408. 


E.E. GRAD., 1032, single, B.S. VPI, prepared 
to learn and specialize in any line of E.E. work. 
Excellent character. Little Experience in conduit 
work. Virginia present address. D-1420. 

B.E.E., 1932, U. of Minn., 21, single. Two 
summers constr., Northwestern Bell Tel. Co. 
Major in communications. Special investigation 
of microphones. Desires any position. Not afraid 
of hard work and satisfied with decent living wage. 
Location, immaterial. Good scholastic record and 
character references. Good physical condition. 
Available immediately. D-1425. 

,1930 GRAD, in E„E., B.S. from North Car. State 
College, 25, single. 2 Vs yr. experience in installa¬ 
tion of motors and bldg, wiring, 2 yr. with constr. 
co. in inspecting and testing pwr. transformers and 
other equip, for substations. Location, East. 
Available at once. D-1431. 

RJS. GRAD.. B.S. in E.E., U. of Ill., 1032, 23, 
angle. Ten months long distance telephone test 
A. T. & T.; 2 months Ill. Bell Tel. Co. Some 
knowledge of motion picture spund equip. Famil¬ 
iar with vacuum tubes and their applications. 
Available at once. Location, immaterial. D-1108. 


GRAD.; E.E. 1929. G. E. test experience 
including work in radio and vacuum tube engg. 
depts. and with all types of elec. mchy. Utility 
elec, rate analysis experience covering pwr. com¬ 
panies in all states. Received M.S. in June 1932. 
Desires an engg. opportunity. D-1036. 

Maintenance and Operation 

CONSTR. AND MAINTENANCE SUPT., 37, 
married. Grad. E.E.; 13 yr. experience in the 
utility field, particularly in engg., constr. and 
maintenance of distribution and transmission sub¬ 
stations. Desires position with large utility with 
responsibility for the constr., operation and main¬ 
tenance of substations. B-2885. 

E.E., grad., 1029, 26, married: 1 yr. Westing- 
house grad, student course and 2yi yr. of elec. test. 
Desires position as maintenance, installation or 
operating engr. Location, immaterial. Available 
with 2 weeks notice. C-7431. 

E.E., 18 yr. experience on design, construction, 
maintenance, operating methods and problems, 
desires position with pwr. co. or firm using elec, 
driven equip. Univ. grad. B-1923. 


E. E. GRAD., U. of Ill., 1932, single. Fifteen 
months Westinghouse test. One yr. teaching pub. 
sch. Desires permanent connection. Available at 
once. Starting salary and location, immaterial. 
D-1446. 

E.E. GRAD., M.S. in E.E,, Iowa St. Col., 1032, 
22, single. Best of character and willing to start 
at the bottom and work up. Short experience in 
tech, writing. Desires any position that will pay 
a living wage. Available immediately. D-1276. 

E.E. oRAD., *B.S. in E.E., Drexel Inst., 1932, 
cooperative course, 23, single. Nine months in 
plant dept, of N. J. Bell Tel. Co.; 6 months pwr. 
plant testing. Desires engg. or teaching position. 
Location in East preferred. References upon 
request. Available immediately. D-1466. 

E.E. GRAD:, U. of Minn., 1930, 25, single. 
Two yr. experience with Northern States Pwr. Co., 
including 1 yr. training course and 1 yr. distribu¬ 
tion engg. Available immediately. Location, im¬ 
material. D-1477. 


E.E. GRAD., 24, single. Broad education and 
experience, good record; 4 yr. Bell system, 1 yr. 
elec. mfg. and development. Interested appraisal, 
aeronautics, air conditioning, refrigerating, utility, 
mech. engg., or other work. Also experienced 
secretarial, traffic and chem. mfg. lines. Excellent 
references. Location and salary, immaterial. 
D-1475, 


JR. ENGR., S.B., 1926 M. I. T., single, 28; 
5 yr. experience with large company on design, 
engg., and constr. on pwr. plants, substation and 
indoor plants. Desires connection with constr., 
util.^ c or holding co. Available immediately. 


Research * 

Ph.D. in E.E. Calif. Inst. Tech. ’32. 2 yr. 
practical experience as electrician; Syr. elec, draft¬ 
ing, teaching and research. Research dealt with 
measurement of ltg. currents and especially with 
elec, dehydration of petroleum. Desires research 
position where experience and training will be 
useful. Single, 28. Location, immaterial. D-1850. 

E.E. 1030, with 2 yr. research work, post-grad, 
study and excellent scholastic record, desires tech, 
work, preferably mathematical. Location, vicinity 
of N. Y. City preferred. D-1183, 

E.E., Brown, 1921; Columbia Univ.; 32, single; 
5 yr. Western Elec. Co., installation, test, design, 
automatic telephone equip.; 0 fl yr. Bell Telephone 
lab., design, development, researcJveleetromagnetic 
relays, vacuum tube circuits for cable and radio. 
Interested; consulting, development, research on 
above and allied fields. Languages, French, Ger¬ 
man. Prefers New York. C-1047. ^ 

RESEARCH ENGR.", specialties, photoelectric 
color-matching equip.; light sources. B-7066. 


Memt ersldp 


TESTING AND RESEARCH ENGR., PhjFs. 
tests of materials, metallography. X-ray and spec¬ 
troscopic structure analysis. Well versed in 
physics. Languages: English, German, French. 
Location and salary of secondary importance to 
opportunities. C-6904. 

W 

DEVELOPMENT ENGR., 26, single, E.E. and 
M.S., high scholastic rating; 3 yr. G. E. Co, re¬ 
search, test and field engg., 2 yr. development of 
pwr. plant equip, for telephone offices. Location, 
immaterial. Best of references. Available now. 
D-1219. 

ENGR., 15 yr. automatic printing telegraph 
development, including 7 yr. with tafr., desires 
situation, preferably East. Salary consistent with 
responsibilities. Broad experience with fine high¬ 
speed mchy.; sound knowledge of circuits and 
circuit theory; can handle men; languages, French, 
Spanish. Available now. D-1459. 

«* 

B.S. in E.E., Harvard 1924, G. E. test and 5 yr. 
in research lab. in Schenectady. Research work 
involving elec, arcs* or switching phenomdha pre¬ 
ferred, but open for other engg. work. Available 
immediately. D-1486. » 

E.E. GRAD., 23, Sc.M. M. I. T., Harvard *28; 
Sc.D. M. T. T. June *32; single, 38; 9 yr. practical 
experience pwr., business and communication 
engg.; 2 yr. testing course. Valuable contribution 
to net-work synthesis. Speaks Swedish, English, 
German; reading knowledge French. Desires 
position, well known organization. Available. 
Location, immaterial. 


Sales c 

SALES ENGR. OR MFG. AGT., grad. E.E., 
32. Over 5 yr. with'utllity in constr. maintenance 
and design; over 3 yr. as sales engr. for elec. mfr. 
including about 3 yr. as jr. exec. Location inv 
material for salary position. Pittsburgh head¬ 
quarters as mfg. agent. D-745. 

B.S., B.E., U. of Ill., 1930, single; «2 summers 
A. T. & T. Co. Student engr. 6 months, Elec. 
Mach. Mfg. Co. Employed since Jan. 1931, 
special committee, stresses in R.R. tracks, asst, 
test engr., U. of III. Interested, pwr., a-c. mchy. 
Experience, sales work. Available month’s notice. 
Salary, promotion primary. Location, secondary. 


DISTRICT SALES MGR. OR MFRS. AGT.: 
experienced engg. representative, desires connection 
with high grade co. that has line of industrial 
or utility equip. Eastern location preferred. 


B.S. in E.E., PROF. ENGR., N. J., 34, married. 
Steel corp. sales engr. 3 yr. contacting archts., 
engrs., N. Y. t N. J.; heat and sound insulation 
sales engr., 4 yr. contacting architects, engrs., 
heating trade, plus job supervision; storage bat¬ 
tery automotive elec, sales and service 6 yr.; 
inventive ability and experience. C-75. 


41 
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B.S. in E.E. CCNY, Tech, high school, 2 yr. 
radio experience, 21. Desires position as asst., 
sound, radio work, etc. Moderate salary, refer¬ 
ences. D-1488. 

B.E.E. Northeastern Univ., 1931. Cooperative 
course, single, 24. Desires position with utility 
or engg. firm. About l 1 /* yr. on substation and 
switching yard work, also some maintenance work. 
Available at once. B-41. 

, TECH. WRITER, Cornell A.B. and E.E., 23, 
single. Special training in writing dear condse 
English fits him to prepare reports, specifications, 
instruction sheets, publidty, etc. Experienced in 
pwr., radio, and communications fields. Salary 
secondary to opportunity in this particular work. 
Location, immaterial. Available at once. D-1221, 

E.E. GRAD., 1931, cooperative course, 23, 
single. Broad general experience. One yr. with 
radio concern, 8 months on registers. Literary 
ability. Salary immaterial. Location, East pre¬ 
ferred. Available immediately, D-1414. 

YOUNG ENGR., I.E.E. grad. 1830, desires 
position ip jr. engg. work. Has .had 4 vr. varied 
elec, experience including It., heat and ifwr. wiring 
and automatic relay (telephone type) equip, main¬ 
tenance. Aggressive, capable ana not afraid of 
hard work. Salary and location, secondary. 
D-1465. 
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Applications * 

for Election 7 * 

Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for. 
direct admission to a grade higher than Associate, 
the grade follows immediately after the name. 
Any member objecting to the election of any of 
these candidates should so inform the acting 
national secretary before Oct. 31, 1932. 

Baldwin, J. G., Montreal Lt., Heat & Pwr. Con¬ 
solidated, Montreal, Quebec, Can. 9 

Basinger, C. B., Wind Turbine Co., West Chester, 
Pa. - 

Fetterman, R. E., 340 Wilson Ave., Port Clinton, 
Ohio. 

Fracker, H. E., Bell Tel. Lab,, N. Y. City. 

Greene, A. B. (Member), Florida R. R. Com¬ 
mission, Tallahassee. 

Harris, R. S., c/o Lowell Observatory Flagstaff, 
Anz. 

Hedrick, W. A. (Member), 422College Ave., N. E„ 
Grand Rapids? Mich, 

Hess, W. F., 25 Hawthorne ATe., Troy. N. Y. 




Litchfield, N. (Member), c/o Gibbs & Hill, N. Y. 
City. r 

Niedumy, W. J., c/o L. E. Myers Co., N. Y. City. 

Pitman, J. B., 3110 Lincoln Ave., Alameda, Cailif. 

Sine, E. R., Box 226, Nassau, N. Y. 

Whalley, R., Pacific Elec. Mfg. Corp., San JPran- 
cisco, Calif. • 

13 Domestic 

Foreign 

Alizo, C„ Antonio Cia. Annina., Planta Elec, de 
.. _ Valera, Est. Trujillo, Venezuela, S. A. 

Banton, F. B. (Member), Cia Colombiana de 

. Electriadad, Barranquilla, Colombia, S. A. 

Foulsum, W. C. r 10 Bondoran Parade, Mont Albert, 
Melbourne, Australia. 

Gibbes, G. B., Govt. Elec. Dept., St, George’s, 
Grenada, B. W. I. 

Kesavan, V. K., Pwr. Station Kottayam Travan- 
core, So, India. 

Lautier, V., 37, Sda. San PaoV>, Cospicua, Malta. 

Rozario, J. F. T., Pub. Wks. Dept., Madras Govt., 
Madras, India. 

Sarda, P. M„ Ratan Pole, Nagori Pole, Ahmedabad, 
Inidffl. 

Singh, H. r Simla Municipal Committee, Idgah, 
Simla. * 

Swami, T. V., Elec. Dept., Cocanada, India. 

10 Foreign « • 
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drc!)sc%will kindly communicate them at oac/^to 
New fek^I.'V. “ ***!*«•*«£ 

Adams, Albert J., 950—18th Ave,, Honolulu T H 
Btngel, Ci, H., Gen. Del., City Hall p. O., N. Y. City.' 


Bohuer, C. W., 620—22nd Terrace, Miami, Fla. 

Campbell, Charles R., Jr., 270 Seaman Ave., 
N, Y. City. 

Cooper, Lamar S., 1936 Dallas St., Phila., Pa. 

Dalas, F. L. Boulder City, Nev. 

Deney, Roger W., 685 Sumner-Atlantic Ave., 
Forest Hills Boro, Pittsburgh, Pa. 

Gooding, Chas. C., 1414 K St., Sacramento, Calif. 

Reiser, Morris, 1025 Ring St., Alexandria, Va. 

Morita, Radzuo, c/o Chosen Hydro-Elec. Co., 
Kankyo-Nando, Korea, Jdpan. 

Neander, M., 182 Pravy Bereg Nevy Kv. 51, 
Leningrad, U.S.S.R. 

Olsson, Oscar G. 1 , 361 Mulberry e St., Williamsport, 
Pa. * 

Schroeder, G., Krivokolenni Pereulok No. 11-16, 
Moscow, U.S.S.R. 

Uline, Wm. A., Northern Elec. Co., Guy & Notre 
Same*Sts., Montreal, Que., Can. 
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ngineering Literature 


Unless otherwise specified, books in this 
list have been pifcsented by the publishers. 
The Society doesjaot assume responsibility 
for any statement made; these are tuV<»n 
from the preface or the text of the book. 

All books listed may be consulted in the 
* Engineering Societies Library. 

w-v 2 er WERKSTOFF- 

DAMPPUNG von der GROSSE und GESCH- 
WIN DIGKEIT der FORM AND ERUNG. (Mit- 
tctlutiKCn dea WOhler-Instituts, Heft 11,) By 
K. Bunkwitz. Berlin, NEM-Verlag, 1932. 63 
«., Ulus., 8x6 in., paper, 3.60 rm.—On the be¬ 
havior of metals under repeated stress. Vibration 
diagrams of steel, copper, brass, and aluminum, 
based upon careful tests, are given and the in¬ 
fluence of speed of deformation upon the magnitude 
of damping and of alternating stresses upon the « 
Static properties of these materials are discussed. 

ANNUAIRE des INOfiNIEURS de FRANCE, 
1931. Purls, Loubat, Editeur. 1070 p, 9x6 in., 
paper, no price given.—A directory including 
names of engineer graduates of the 12 principal 
engineering colleges of,France, and members of the 
French Society of Electricians and of the Society 
of Civil Engineers of France; about 35,000 names 
and addresses. 

ARCHITECTURAL ACOUSTICS. By V. O. 
Knudscn. New York, John Wiley & Sons, 1932. 
617 p., lllus., 9x6 in., cloth, $6.60. A reference for 
architects, builders, and others interested in design 
and construction of buildings, with theory and 
practical application of architectural acoustics 
clearly set forth. Essentially practical in charac¬ 
ter; It gives information upon, the absorption of 
sound, sound insulation, properties of Insulating 
materials and the acoustics of auditoriums and ' 
music rooms. The application of acoustics to 
schools, churches, theatres, and other buildings is 
discussed at length and liberally Illustrated. A 
book to enable the architect and builder to meet 
his problems intelligently. 


minerals. The section upon descriptive mineralogy 
fully revised and description of about 220 new 
species added. The last section now includes brief 
descriptions of all known minerals. 

. ELERTROLYTE. By H. Falkenhagen. Leip¬ 
zig, S. Hirzel. 1932, 346 p., illus., 10x7 in., paper, 
23 rm.; bound, 24.80 rm.—An able review of the 
work of Faraday, Arrhenius, Lewis, van Laar, 
Milner, Debye, and many others who have studied 
the theory of electrolyte. The evolution of current 
theories is traced carefully and comprehensively. 

Die FERROMAGNETISCHEN LEGIERUN- 
GEN. By W. S. Messkin and A. Kussmann. 
Berlin, T. Springer, 1932. 418 p„ illus., 10x6 in., 
cloth, 44.50 rm.—This book is a systematic survey 
of ferromagnetic metals and alloys presenting in a 
practical way not only the properties from a mag¬ 
netic point of view, but also the influence of metal¬ 
lurgical treatment upon these properties. De¬ 
signed to serve the metallurgist, the physicist, or 
« chemist engaged in research work, and the elec¬ 
trical engineer, it opens with the theory of magne¬ 
tism; then the author discusses magnetic measure¬ 
ments, the Influence of chemical composition and 
physical state upon magnetic properties, magnetic 
analysis of metalg, physical properties, permanent 


1UO l*, M»M0e« VAW ***** r—** ---O 

with the question of sites and the broad aspects of 
the engg. problems of a more or less specialized 
character Involved in the construction and ground 
equipment of aerodromes. The treatment is 
concise and definite, with numerous examples^ of 
pigifa and buildings. The author, since 1914, has 
been engaged in the construction of aerodromes 
for the British Admiralty and Air Ministry. 

CARL von LINDE zum 90. GEBURTSTAG. 


XiJOA. Jr * ***** J7 ..T —. ',— 

memorial celebrating the 90th birthday of the 
famous engineer, with an extract from his auto¬ 
biography, a bibliography; of his publishedwritings, 
an address upon the fixation of gases of the atmos¬ 
phere and a short historical account of the evolution 
of refrigeration. 

DANA’S TEXTBOOK of MINERALOGY 

with an extended treatise on ctystaUography and 

physical mineralogy. By E. S. Dana. 4th ed. by 
w; E. Ford. New York, John Wiley&. Sons, 
1932. 851 p., illus., 9x6 in., cloth, $5.60.—The new 
edition of this well-known textbook hasjbeen 
brought thoroughly up to date. ^Essential tflumges 
include new flections upon crystal structure and 
investigation Cf it by means of X-rays; also upon 
the*origin,*mode*of occurrence, and association of 


t£e alloys now used industrially as well as those for 
prospective use. 

HIGHWAY MATERIALS. By E. E. Bauer. 
2 ed* New York & London, McGraw-Hill, 1932. 
374 p., illus,, 9x6 in., cloth, $3.50. Intended 
primarily as college text, to give the student a 
general working knowledge of the qualities of 
materials for various types of pavements. Besides 
the methods of sampling and testing, qualities and 

S pecifications of road materials and the interpreta- 
on of the results of tests are discussed. Specifica¬ 
tions and tests of the Am. Soc. for Test. Mats, 
are used, this edition revised to include its latest 
practise. n 

NEGRO HOUSING. Edited by J. M. Gries 
and J. Ford. Washington, D. C., President’s 
Conference on Home Building and Home Owner¬ 
ship, 1932. 282 p., illus., 9x6 in., cloth, $1.00.— 
A comprehensive, valuable report, based upon a 
nationwide survey of conditions. The social, 
economic, and financial phases of the problem are 
presented. The committee finds a remedy for the 
negro citizens inability to obtain sanitary dwellings 
and privacy, by providing housing acceptable to 
persons of low incomes through better’plans of 
production for all housing. 

SCHWINGUNGEN an FJ$.EILEITUNGSSEI- 
LEN und ihre DXMPFUNG durch RESONANZ- 
SCHWINGUNGSDXMPFER. (Mitteilungen des 
Wdhler-Instituts, Heft 12.) By F. Puritz. 
Berlin, NEM-Verlag, 1932. 67 p„ Ulus., 8x6 in., 
paper, 3.60*, rm.—A report giving results of ex¬ 
periments upon methods of reducing vibrations in 
electric lines and masts. Rubber dampers ad¬ 
jured to the rate of vibration of the mast-wire 
system were found helpful. 

SCIENTIFIC PRINCIPLES of PETROLEUM 
TECHNOLOGY. By L. Gurwitsch and H. Moore. 
2 ed. New York, D. Van Nostrand Co., 1932. 
672 p., illus., "9x6 in., cloth, $8.00.—In 1926 Mr. 
Moore published a translation of Prof. Gurwitsch’s 
well-known book, with additions. This transla¬ 
tion he now has revised and expanded to include 
especially the results of recent American research 
work. The book discusses the chemistry and phys¬ 
ics of petroleum and principal products and meth¬ 
ods of distilling and. refining them from the scien¬ 


tific point of view without attempt to treat prac¬ 
tical questions of technology. As a review of 
petroleum chemistry, this work should be a wel¬ 
come addition to literature. * 

SMOKE: A Study of Aerial Disperse Systetas. 
By R. Whytlaw-Gray arid H.-> S. Patterson. Lon¬ 
don, Edward Arnold & Cos? 1932. 192 p., illus., 

9x6 in., cloth, 14s.—Few attempts have been 
made to explain the behavior qf smoke in terms _ of 
general principles, or even to correlate its properties 
with the number, size, and nature of its constituent . 
particles. This volume delineates the scientific 
study of smoke, based largely upon the last few 
years of investigations* at Leeds. It provides a 
general survey of the subject, and describes methods 
of investigation and results obtained, pointing 
out further lines of research. 

STRESSES in SIMPLE STRUCTURES. By 
L. C. Urquhart and C. E. O’Rourke. 2 ed. New 
York and London, McGraw-Hill, 1932. 339 p., 
9x6 in., cloth, $3.50.—A textbook tef set forth 
clearly the fundamentals of stress calculation in 
simple structures, without consideration of eco¬ 
nomics of design. Both analytical and graphical 
methods are used. A new edition, entirely re¬ 
written, and with new chapters upon the 3-hinged 
arch and deflection. 

TECHNISCHES WORTERBUCH VII (Samra- 
, lung GSschen 1050). Die wichtigsten Ausdrficke 
der Elektro- und Radiotechnik. Pt. 3. Deutsch- 
Franzosisch. 2 ed. By E."" Krebs. Berlin "and 
Leipzig, 1932. 187 p., 6x4 in., cloth, 2 rm.—A 
concise German-French dictionary of terms used 
in radio and telephone engineering, similar to the - 
earlier German-English dictionary by the same 
author. The volume is of convenient pocket size 
with words well chosen for ordinary ngeds. 

ZAHNRXDER, Pt. 1. (WerkStattbficher, Heft 
47.) By G. Karrass. Berlin, J. Springer, 1932. 

60 p., illus., 9xb in., paper, 2 rm.—A concise 
work on the design of gears. One of a series upon 
shop practise. The aim is to present the subject 
both scientifically and practically upon the basis 
of current practise and without complicated mathe¬ 
matics. 

HOUSE DESIGN, CONSTRUCTION, AND 
EQUIPMENT. Edit, by J. M. Gries and J. Ford. 
Washington, President’s Conference on Home 
Building and Home Ownership, 1932. 325 p„ 
illus., 9x6 in., cloth, $1.00.—Theprogram for raising 
the standard of American- housing adopted Decem¬ 
ber 1931 by the President’s Conferende qp Home 
Building and Home Ownership has resulted in 
reports by experts. This one is the woiflc of com¬ 
mittees composed of well-knowh architects, engi¬ 
neers, and home economists from all parts of the 
country. Recommendations are based upon prac-'* 
tical experience and essentials of good practise; 
also better coordination of effort in the onilding 
trade is discussed indicating how building costs 
may be lowered for the wage-earner. Much useful 
information for architects, bidders, and prospec¬ 
tive owners is given. 

HYDROGEN IONS. By H. 't. S. Britton. 

2 ed. N. Y., D. Van Nostrand Co., 1932. 589 p. 

illus., 9x6 in., cloth, 25s.—An exhaustive, critical* 
summary of present literature upon methods of 
detennining the concentration of hydrogen ions, 
the importance of these 'Ions in general chemistry, 
their rdles in industrial processes, and the value 
of hydrogen-ion concentration measurements for ‘ 
purposes of control. The discussions of the im¬ 
portance of hydrogen-ion concentrations in the 
electrodeposition of metals, in tanning, sugar 
manufacture, pulp and paper-making, water 
purification, con-osion, sewage disposal, ceramics, 
and flotation will be useful to engineers wishing a * 
concise introduction to modern progress. Thor¬ 
oughly revised. . «» 


Engineering Societies Library 

29 West 39th Street, New York, N. Y, 

M AINTAINED u a public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civlj, electrical, mechanical, and min¬ 
ing engineers. n m 

Resources of the library are available also * 
to those unable to visit It in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost bf the work required. 

A collection of modem technical boob |s 
available to any member residing In North Amer¬ 
ica at a rental rate of five cents per day per 
volume,*plus transportation charges. 

Mqpy other services are obtainable and an 
Inquiry to the director of thV library will bring 
information concerning them. 
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• Lincoln Appoints G. E. Tenney.—An¬ 
nouncement has been made by the Lincoln 
Electric Company, * Cleveland, of the ap¬ 
pointment of G. E. Tenney as sales manager 
of its Chicago district. The Chicago offices 
are located at 1455 West 37th Street, where 
a sales and service organization is main¬ 
tained for all Lincoln products, including 
"Shield-Arc” welders, welding supplies, and 
“Line-Weld” motors. 

Rapid Reversing Motors.—The Louis 
Allis Company, Milwaukee, announces a 
new line of rapid reversing squirrel cage 
motors, capable of as many as sixty re- - 
versals per minute continuously without 
overheating. Such high rates of reversals 
have been made practical through light¬ 
weight rotor construction, efficient ventila¬ 
tion, high torque characteristics, and shock 
resisting cast iron frames. 

New Disc Switch.—The 'Square D Com¬ 
pany, Petroit, has recently developed a new 
type of disc switch. The new switch has 
several advantages over standard designs, 
induding front operation, and requires little 
mounting space. It has a quick make and 
break action and may be obtained either 
fused or unfused. Copper switch contacts 
reinforced; by rustless steel springs, insure 
constant pressure and reduced heating. 
The switch is rated for either 30 or 60 am¬ 
pere, single pole, two pole, two wire solid 
'neutral or three wire solid neutral. 


tions without affecting other qualities of the 
liquid. When Pyranol is subjected to an 
dectric arc, the? principal product is hydro¬ 
gen chloride, an irritating but not actively 
poisonous gas which can be removed by an 
absorption device or piped to the Qpen.air 
for dissipation. 


Trade Literahire 


- Lightning Arresters.—Bulletin 14325, 8 
pp. Describes valve type lightning arres¬ 
ters. Line Material Co., So. Milwaukee, 
Wis. 

Arc Welder.—Bulletin, 8 pp. Describes 
the new Lincoln “Shidd-Arc” wdder. The 
Lincoln Electric Co., Coit Rd. and Kirby 
Ave., Clevdand, 0. 

Resistance Standards.—Bulletin 100, 6 
pp. Describes resistance standards and 
resistance measuring devices, Rubicon Co., 
29 North 6th St., Philaddphia, Pa. 

Carbon Brushes.—Catalog 13, 24 pp. 
Describes carbon brushes for single phase 
and other fractional horsepower motors. 
Boxill-Brud Carbon Co., Columbia Park, O, 


Rubber Paints.—Bulletin, “Acidseal, 
Paints.” Describes a recently devdoped 
line of rubber paints. These paints have as 
a base a commercial form of rubber isomer, 
and retain the dastic properties of rubber, 
conforming to the expansion and contraction 
of the surface covered, and minimize the 
corrosive action of adds, alkalies, and 
chemical fumes. The B. F. Goodrich Co., 
Akron, O. * 

r 

Industrial Lighting Equipment—Catalog 
219-A, 64 pp. This new catalog describes 
each unit plainly and lists them in a manner 
easy to find. A complete line of equipment 
is covered induding new units, low priced 
industrial. floodlights and quick change 
Wemco reflectors* and sockets. WeSting- 
house Elec. & Mfg. Co., E. Pittsburgh,* Pa. 

Industrial Scales.—Bulletin, 8 pp. De¬ 
scribes the improved line of Kron automatic 
industrial scales. Induded are dial track 
scales, portable pan, portable platform, 
dormant platform, bench, hopper, crane, 
and pitless suspension types. All have been 
completely redesigned and the dial and lever 
mechanism considerably *simplified. The 
Kron Co., Bridgeport, Conn. • 

Circuit Breakers.—Bulletin 1771-B, 8 pp.< 
Describes manually and dectrically operated 
oil circuit breakers, 7,5.00 and 15,000 volts, 
especially suitable for indoor powfer house 
use where space is restricted. De-ion grids 
have been used in some of the units. Bulle- 
,tin 1958, 12 pp., describes another range 
of De-ion grid oil circuit breakers for indoor 
service in voltages from 15,000 to 34,500 
and interrupting capacities from 500,000 to 
2,500,000 kva. Westinghouse Elec. & Mfg. 
Co., E. Pittsburgh, Pa. 


A New Liquid.. Insulator.—A new syn¬ 
thetic liquid insulator which has been an¬ 
nounced by the General Electric Company 
not only has the advantages of mineral oil as 
- an insulating and cooling medium for elec- 
'tric equipment but in addition is non- 
inflammable and non-explosive. Desig¬ 
nated by the trade nafhe Pyranol, the mate¬ 
rial is produced * in different forms for 
different purposes. For economic reasons, 
mineral oil will probably remain in general 
use for yegrs, according to General Electric 
engineers at Pittsfield, Mass., but commer¬ 
cial installations of Pyranol indicate numer¬ 
ous applications where the new material is 
especially valuable. Capacitors can be 
made physically smaller per microfarad, 
with increased reliability; and the higher 
cost of transformers with Pyranol is justified 
when the equipment must be completely 
proof against fire and explosion hazards. 
Since the liquid is a solvent for borne mate¬ 
rials ordinarily used in electric equipment, 
particularly transformers, the apparatus 
must be designed specially for its use. Its 
dielectric constant (specific inductive ca¬ 
pacity) is practically that of solid insula¬ 
tions, and- its dielectric strength is of the 
same high order as that of mineral oil. 

The liquid is chemically stable and it 
resists oxidation,-so that there is no sludging 
after continued exposure to heat or air. It 
demulsifies, or separates from water, more 
than twice as rapidly as does mineral oil, 
and the moisture rises to the surface from 
which it may be evaporated. Viscosity and 
freezing point can be varied to suit condi- 


Air-Break Switched.—BulSrtsn 9324,4 pp. 
Describes gang operated air-break Switches 
for low cost construction. Line Material 
Co., Milwaukee, Wis.. * 

Electric Equipment for Mine Hoists.— 
Bulletin GEA 1593,24 pp. This bulletin is 
descriptive of General Electric practise and 
accomplishments in mine-hoist service in 
both coal and metal mining. General Elec¬ 
tric Co., Schenectady, N. Y. 

Stainless Steel Tubing.—Bulletin. De¬ 
scribes Carpenter stainless welded* tube 
made from cold rolled stainless strip steel. 
Both the inside and outside surfaces of the 
tube represent surface metal from the origi¬ 
nal ingot. The Carpenter Steef Co. 
Welded Alloy “lube Div., 100 Broadway, 
New York. ' . . . . 

Smoke Density Meter.—Bulletin. De¬ 
scribes the Brottn smoke 'density meter 
which has been under development for a 
number of years, for recording and measur¬ 
ing the quantity or the color, of smoke 
emission. The Brown Instrument Co., 
Wayne & Windrim Sts.*, Philadelphia, Pa* 

Water Softeners.—sBulletin, 36 pp. The 
application of Zeolite water softeners to the 
treatment of boiler feed water* is outlined; 
profusely illustrated with photographs and 
diagrams, and contains 1 tabulated data, 
conversion tables, factors, reactions, etc. 
The Permutit Co., 440 Fourth Ave., New 
York.: / 


Propeller Turbines.—Bulletin 38, 8 pp. 
Describes I. P. Morris* propeller turbines 
having adjustable blades and fixed gates. 
These turbines are intended primarily for 
low heads and are designed to supply an 
efficient unit at a price lower than the price 
of the adjustable gate-adjustable blade 
propeller turbines with their two complete 
sets of control equipment. They are par¬ 
ticularly indicated where the revamping of 
existing and less efficient plants is in con¬ 
templation. The bulletin includes power- 
efficiency curves, line drawings of the tur¬ 
bines and a “Chart of Characteristics for 
Standard Turbines” in two colors. Bald- 
win-Southwark Corp., I. P. Morris Div., 
Philadelphia, Pa. 

• 

Meter Test Block.—Bulletin CA.25,8 pp. 
Describes a new type of plug-in meter test 
block, which permits easy connection apd 
removal of the meter. The new block does 
away with meter loops and cross-overs in the 
meter connections. All cross-overs are pro¬ 
vided in the base of the new block and the 
* meter terminal connections slide down over 
semi-rigid connectors. Furthermore, un¬ 
sightly wiring is eliminated, time is saved in 
installing or removing meters, and the meter 
links can be separately inserted or removed 
without disturbing the meter or base. The 
wiring order is the same as employed in 
ordinary test blocks and testing is accom¬ 
plished with standard links, which are sup¬ 
plied. The block is built # in indoor and 
outdoor meter cabinets. Switch and Panel 
Divirion,"Squire D Co., Detroit, Mich. ♦ 
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MeMBER^oI the Institute continue to can be reduced; of several specimens tested, 
make use of "Letters to the Editor” columns those having a triangular cross-section show 

for the open-forum expression of their varied least tendency to vibrate, p. 795-8 
ideas orf many subjects, p.813-15 r 


WHETHER OR NOT engineering prog¬ 
ress benefits mankind depends upon how it 
is used, according to the fourteenth article in 
the Engineering Foundation’s symposium 
"Has Man Benefited by Engineering Prog¬ 
ress?” p. 794-5 


Ilf THE FIRST 6 months of operation 
•'not a single train delay has been caused by 
failure of the supervisory control equip¬ 
ment.” # Such is the report on the suburban 
electrification of an eastern railroad, all sub¬ 
stations and switching stations of which are 
equipped with supervisory control, p. 775-8 


By DEPARTING from the conventional 
circular cross-section in cables used for 
transmitting electric power on overhead 
lines, the tendency of the cables to vibrate 


.756 


FrOM an engineering study of the voltage 
and current wave forms of neon tubing 
commonly us$d for sign lighting, an expla¬ 
nation of. its physical operation has.been 
developed. n p. 772-5 


ENGINEERS have begun to plan for the 
relief of theirunemployea during the coming 
winter. It is estimated that this year’s 
needs will at least equal those of last year. 
p. 809-13 


i^LTHOUGH the thin oxid film with which 
aluminum protects itself from corrosion has 
been studied a great deal, only compara¬ 
tively recently have thicker films produced 
"artificially” received much attention. 
These thicker films" possess interesting 
properties and ,lend themselves to a variety 
of uses. p. 778-80 : . 


PeAKED voltage waves as narrow as 
2 electrical degrees now can be obtained 
direct from a sinusoidal voltage source 
by the use of a specially designed 
transformer, p. 802-4 

DeMAND for a simple and non¬ 
destructive method of testing fini s he d 
welds has been met by an a-c bridge 
method with a visual balance indicator. 
Such a device is described in the 
A.I.E.E. 1931 national prize Branch 
paper, p. 781-3 

pLANS for the A.I.E.E. 1933 winter 
convention already are assuming defi¬ 
nite form. A general convention com¬ 
mittee recently was appointed by 
President Charlesworth, and already 
has begun to arrange for the various 
events, p. 807 

PREVIOUSLY published analyses of 
synchronous motor performance have 
been extended; from known formulas 
for the 3-phase short-circuit torque, 
expressions have been derived by 
which the torque from a yngle-phase 
short-circuit can be determined, p. 
799-801 

Regaining stability in an electric 
power system is quite as important as 
maintaining it. To determine the 
proper operating procedure for quickly 
regaining synchronism once the system 
is out-of-step, an actual out-of-step 
condition on a large Pacific Coast sys¬ 
tem was exhaustively analyzed, p. 

. 769-72 

PROGRESS in insulation during the 
past year, both in theory and applica¬ 
tion, has been summarized in a Report 
to the committee on electrical insula¬ 
tion of tfie National Research Council 
presented at the fifth annual meeting 
of the committee by its chairman, Dr. 
John B. Whitehead (F’12). p. 765-8 

Registration at the recent- 

A.I.E.E. district meeting at Baltimore 
totaled 240, attesting to the general 
interest value of the technical sessions 
as did the quality and quantity of dis¬ 
cussions presented. Meetings of* the 
Institute’s board of directors, District 2 
executive committee, and power genera¬ 
tion committee, were held. p. 8Q5-8 

Even IN TIMES of low copper cost 
carrier communication has proved to be 
an economical means of conveying both 
telephonic and telegraphic information. 
A 10-channel 4-wir^ carrier telegraph 
system is capable of handling 3,360 
words per min. p. 784-9. To lessen 
the. labor involved in d esigning the 
shaping networks oI t^jis system, a 
disect method of solving cgypled tuned 
circuits was developed, p. 789-94 
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Fig. 1. General view of Safe Harbor plant and .dam 

The Safe Harbor 

Hydroelectric Development 


At Safe Harbor, Pa., has been built the 
third major hydroelectric plant on the 
lower reaches of the Susquehanna river. , 
With an ultimate installed capacity^ of’ 
510,000 hp in turbines, it is destined to 
become one of the largest hydroelectric 
developments in the United States' Tur- 
, bines are of the propeller type with auto¬ 
matically adjustable blades; they are said 
to be the most powerful of this type ever 
built. Many interesting details of the de¬ 
velopment are revealed in this article.' 

By .<*'*.• 

N. B. HIGGINS S«fe Harbor Water Pwr. 

. MEMBER A.I.E.E. Corp., Baltimore, Md. 


w 

TV HEN COMPLETED, the Sale 
Harbor plant will be one of the largest hydroelectric, 
plants in the United States; initial development will 
include 6 generating units, which in an average year 
with full utijization will have an output of over 
800,000,000 kwhr. The plant is situated along the 
Susquehanna river a few miles south of Columbia 

Pa., and abopt 1,100 ft upstream from the mouth of 

<% 

,---*--- 2 

Based upon*“Safe* Harbor Project’’' (No* 32-123) presented at the A.I.&E. 
Middle Eastern District meeting, Baltimore, Md., Oct. 10-13, 1932. 
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Conestoga creek. The development ultimately will 
have an installed capacity of 510,000 hp in 12 Kaplan 
turbines, each of 42,500-hp capacity, operating at a” 
.speed of 109.1 rpm under a head of 55 ft. Ten of 
these turbines will drive 36,000-kva 60-cycle 3-phase, 

80 to 100 per cent power factor, 13,800-volt genera¬ 
tors; and 2 will drive 37,500-kva 25-cjtele single¬ 
phase, 80 per cent power factor, 13,300-volt genera-7 
tors. Included also in the ultimate plan are 4 
25/60-cycle frequency changers of the outdoor type, 
the generating ends of which will be fa^ed at 31,250 4 
kva, 80 per cent power factor, 300 rpm, 13,300 volts. 

Initial development includes 5 60-cycle units, 

** one 25-cycle unit, and one frequency changer; 4 60- , 
cycle units are now in operation, and it is expected 
that another 60-cycle unit, one 25-cycle unit, and a 
frequency changer will be installed before the end of 
19*33. 

A major problem in electrical design at Safe Har¬ 
bor has been to produce a flexible layout, which will 4 
permit the installation as Required of equipment for 
generating, transforming, and transmitting 60-cycle 
3-phase, and 25-cycle singlephase energy. All gen¬ 
erating equipment and the 60-cycle low-voltage bps 
are located in the,power house; all 60-cycle trans- * 
formers are of the outdoor type, and are located 
adjacent to the power house. A combined 69-kv 
.and 230-kv 60-cycle substation ultimately will be 
built on the top of the hill, directly east* of the power 
house. The frequency changers, 25-cycle low volt¬ 
age bus, and 132-kv 25-cycle-step-up substation will 
be located east of the power house. * 

©ne 230-kv circuit has been constructed between 
Safe Harbor and the Westport* station of the Con- 



* 





solidated Gas ElectricLight and Power Company in 
Baltimore, Md., and another will be constructed 
within the next few years, over a separate right-of-way 
entering the city from the east. A 69-kv double¬ 
circuit transmission line, about one mile in length, has 
'* been constructed to tie Safe Harbor into the existing 
• 69-kv system of the Pennsylvania Water and Power 
Company.. * * «* „ 

The power house is in line with, and forms a con¬ 
tinuation'of the dam. The substructure is of rein¬ 
forced concrete, and the superstructure of brick and 
tile. The total combined length of the concrete 
dam and power house is 5,000 ft, made up as fol¬ 
lows: power house, 916 ft; bulkhead and abut¬ 
ments, 2,274*-ft; spillway, 1,810 ft. The entire 
spillway is equipped with crest gates. General ar¬ 
rangement of structures is shown in Fig. 2. 

In extent of drainage basin, and in total and aver¬ 
age runoff, the Susquehanna river is the largest river 
^ flowing into the North Atlantic ocean, with the ex¬ 
ception of the St. Lawrence. Its watershed includes 
" 27,400 sq miles in the states of New York, Pennsyl¬ 
vania, and Maryland. Yet, in spite of this vast 
tributary area, the stream itself is of little use in 
commerce; there is practically no navigation above 
the tide-water limit, which extends only 5 or 6 miles 
upstream from the mouth of the river. 

From Columbia to Tidewater, a distance of 39 
miles, the river is walled in by steep bluffs or hills, 
and the main channel varies in width from a few 
hundred yards to almost 2 miles. Because of these 
conditions there has been no industrial development, 
other than transportation, in this reach of the river. 
'These conditions of rapid descent, steep banks, and 
the-absence of populous towns in a region dose to 
large industrial centers, made this part of the river 
attractive'from a power development standpoint. 

Backwater from the dam extends 10 miles up-^ 
stream forming a lake varying in width from 0.4 mile* 
to almost 2 miles, covering an area of 10.5 sq miles. 
The water stored in the top foot of the pond is ap- 

- proximately 340 million cu ft; total useful storage 
is about 3 billion cu ft. 

On the east side of the river, 8.5 miles of the Co- 
„ lumbia '& Port Deposit branch of the Pennsylvania* 
Railroad had to be raised, and on the west side some 
highway relocation was required; otherwise, improve¬ 
ments effected within the reservoir limit s were negli¬ 
gible. 

r Hydraulic Structures 

It was desired to obtain full control of the forefray 
lev^l for all possible river flows and to maintain con¬ 
stantly the maximum permissible forebay elevation, 

- except when lowering would be desirable to make use 
of storage. This required a spillway that could 
be controlled with crest gates for its full length, and 
capable of discharging the greatest flood assumed, 
possible at the given forebay elevation of 225 ft. 
Several comparative estimates were made to deter¬ 
mine the most econopical ^combination of size arid 
number of gates to produce these discharges. The 
final analysis resulted in selecting 32 gates for open¬ 
ings 35 ft high and ft wide; tops of gates are 5 ft 
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Fig. 2. General layout of structures 


above initial normal pond level to prevent excessive 
loss of water from wind action. „ 

At normal forebay level each fl6od gate will dis¬ 
charge about 30,000 cfs; the ^est spillway, where 
24 of the 32 gates are situated, thus has a discharge 
‘capacity of 720,000 cfs, which is equal to the maxi¬ 
mum §ood of record. " « 

Bulkhead sections are conventional gravity struc¬ 
tures; they are designed for compression over the 
entire foundation joint for headwater at el 228,10,000 
lb per lineal foot of ice pressure at the same eleva¬ 
tion, and uplift corresponding to full head at the 
heel decreasing to tailwater head at the toe following 
a gradient determined by the foundation drainage 
system. Design of the spillway is based upon the 
sanfe* assumptions, except that ice ptessdre there was 
reduced to 4,000 lb per lineal foot, acting on the 
gates and transmitted to piers. The lower assump- . 
tion was considered justified because a compressed 
air bubbler’system has been incorporated in the de¬ 
sign to prevent ice pressure from acting on the gates. 

The spillway has an overhung crest and a large 
bucket type of apron; otherwise, it is of the usual 
ogee cross-section. Shapes of the apron, spillway 
nappe, and pier noses, were determined by model- 
tests in the Alden laboratory of the Worcester Poly¬ 
technic Institute. The dam stands on a sound rock # 
foundation of quartz, mica schist, and phyUite. Be¬ 
cause of frhe excellent quality of the foundation, .the 
strike of the folds, and the dips of the stratum, no 
cutoff trench was required; natural conditions made 
it possible, in effect, to obtain cutoff trench advan¬ 
tages at little additional cost. Rock was removed by 
blasting operations, the average depth of excavation * 
being 11 ft. * 

Crest gate equipment consists of 28 single-leaf 
- Stoney flood gates, and 4 double-leaf regulating gates, 
the lower leaf of which is a Stoney gate and the upper 
leaf a fixed roller gate; there are also 2 emergency 
gates with fixed rollers. The upper leaves of the 4 
regulating gates are operated normally by lowering 
them and discharging water over the top. By means 
of these gates,, close regulation of pgnd level can 
be maintained, and floating debris and ice can be 
removed easily with a * minimum waste uf water. 
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Debris and ice usually will accumulate along the tion of this site. The ultimate length of the power 
skimmer wall, for which reason the 4 regulating gates house will be 916 ft; «the initial section is 642 ft 
are located adjacent to the power house. Upper long, with space for 7 main generating units. A 
leaves of the* regulating gates are operated by indi- railroad connection extends directly •into the gener^- 
vidual hoists located in a tunnel-in the body of the tor room assembly bay. ** 

dam directly under each gate. Hoist motors for ,Physical dimensions of the Safe Harbor turbines 
the regulating gates have operating controls at the are the largest for this type of unit so far installed in* 
hoists and also in the power house switch room., * this country. The ma ximum scroll pase and draft. 

All cre^t gate equipment is handled by 2 gantry tube width is 55 ft; thickness of piers between units 
cranes of 150-ton capacity each. These cranes are is 7 ft, making the unit spacing 62 ft. Below the 
served from a trolley 1 bus on the operating bridge; water line all contraction joints are sealed with 
in addition, one of the cranes is equipped also with a^ crimped sealing strips made of *24-oz copper, while 
gasoline engine-generator set for emergency opera- construction joints between lifts of concrete are 

sealed with flat copper strips. 

Offsetting'by 2.5 ft the transverse ©enter line of 
units with the transverse center line of the intakes 
presented some difficulty in lining up the piers be- 
The following features are tween waterways r this was overcome by slightly 

tilting the upper part of the draft tube. Character¬ 
istics of the turbines selected required a deep draft 
tube, but the influence of this on volume of tailrace ' 
excavation was reduced by sloping the bottom of the 
outflow end of the tube upward at the steepest per¬ 
missible angle without affecting the draft tube ef¬ 
ficiency. From low point to exit the draft tqjoe is 
divided into two equal outlets by a 5-ft pier. For 
, unwatering, the tube can be sealed by a set of sliding 
Flood gates are of the usual design of horizon tal £ a ^ es which are handled by a 25-ton gantry crane 
fabricated girders supporting a skin plate through ^ rom a bridge over the tubes 


tion. 

It is believed that every reasonable precaution has 
been*taken to insure the safe operation of the crest 
gate equipment under the most unfavorable combina 
tion of circumstances. " 

noted: 


Large excess capacity of the gantry cranes. 


1 

2. One crane can handle gates with sufficient rapidity to meet any 
normal condition; % cranes are provided. 

3. Different sources of power for the gantries. 

4. Equipment to heat electrically the roller tracks and seal plates 
os. the gate guides. 

5. A compressed air bubbling system to prevent ice formation on * 
the upstream side of the-gates. 


vertical intermediate beams. The respective weights 
are 86 tons each for the flood gates (excluding roller 
trains), and 100 tons each (including fixed wheels) 
for the emergency gates. 


Power Hou^e 


* • 


Site selected for the power house -is in the low- 
water channel of the river near the Lancaster county 
shore; minimum excavation for power-house and 
tailrace was an important consideration in the selec-- 



150-TON GANTRY CRANE 


SECT I’ON-THROUGH 
FLOOD GATE OPENING 



EL.225.0 

EMERGENCY GATE 
EL. 195.0 


From the draft tube outlets the tailrace floor 
slopes upward to intersect the natural river* bed at 
an angle of 6°. The maximum depth of rock exca¬ 
vation was about 40 ft, 180,000 cu yd Of soliS. rock 
being excavated to form the tailrace channel. This* 
excavation is the total for the ultimate plant; like- 
’wise, the substructure was excavated «for all future 

-V * 

units. ' < * 

Intake portion of the power house substructure 
'for the 5 future units was completed, excepting that • 
no intake gate hoists or screens were installed.* 
Intake gates for future units were an important part 
of the scheme for the control and dificharge of the - 
river flow during closure of the last cofferdam. 

Floors of the intakes are level at approximately the 
•*same elevation as the floor of the, forebay; -eachm- 

* 

V *"• 

EL. 232.0 


COFFERDAM 


SECTION THROUGH 
REGULATING GATE OPENING 


SECTION THROUGH 
SKIMMER WALL 



SECTION THROUGH FOREBAY DYKE 



EL.I85 


•SECTION THROUGH UNFINISHED POWER HOUSE 


J EL. 242.0 

►, 
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'SECTIlJN THROUGH SECTION THROUGH • SECTION THROUGH 

ISLAND BULKHEAO WEST SHORE BULKHEAD E^TSHOREBULKHEAD 

Fi§. 3. Typical cross-sections through hydraulicstructures 
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take consists of 3 nvater passages, with.smooth 
slopipg bell mouths. The ciross-section of the water 
passages at the head-gates measures 15 ft 8 in. 
wide by 29 ft 4y 2 in. high. Each water passage is 
controlled by*one intake gate; slots are provided in 
the head works in front of head-gates for the placing 

• *of emergency gates when head-gates are taken out 
of service. Velocities through me gross area <?f the 
intake cross-sections vary from 3.32 ft per sec at 
entry to 7.25 ft per sec at the scroll case intake. 

The center gate of each intake travels on fixed 
rollers, and is operated by a motor-driven screw 
hoist;' the 2 outside gates are sliding gates, and are 
handled by a 50-ton intake gantry crane, of which 2 
are provided. The screw-hoist-operated gate can 
be raised or lowered under full unbalanced water 
pressure. The sliding gates are designed to be 
handled under balanced water pressure only. Emer¬ 
gency valves are provided in the sliding gates for filling 
the intakes in the event of screw hoist motor failure. 
The omission of hoisting mechanism on 2 /s of all 

* hegid-gajtes resulted in a substantial saving in cost, 
and does not slow up the starting operation appreci¬ 
ably as a unit can be started with the center gate 
alone open. Emergency gates are similar to the 
sliding head-gates and are handled in the same 
manner. 

Intake screens are of welded construction through¬ 
out. A single intake'screen is made up of 5 vertical 
Sections 12.ft high by 18 ft wide, and slides in slots 
similar to the gate slots. The face of the screen has 
a batjter of 1 in 24. Individual screen bars and their 
supporting frame are designed for an unbalanced 
head of 15 ft of water. Screen bars and supports of 
streamline shapes were designed to offer a minimum 
resistance ^.ip c the water passages. In addition to 
reducing the loss of head, a flow free of'eddies will 
decrease the tendency for frazil ice to adhere to the r 
" screens. 


trically, should this prove necessary, another means 
to reduce or eliminate ice troubles in the intakes is a 
provision to discharge the air from the exhaust duct 
t unn el of the power house ventilating ^systems, into 
the space over tfi/e screens and below the intake 
deck. 

Arrangement of Electrical Structures • 

The electrical bay of the power house, as may be 
seen frofii F'ig. 4, is between tfie generator room and 
f the intake structures. It consists of 3 floors housing 
switching equipment. 'The lowest floor is occupied 
by the 2 buses and their taps; the second floor 
houses oil circuit breakers 0 and disconnecting 
switches; the third contains potential transformers 
and reactors. A vertical reinforced concrete fire wall 
separates the 2 buses and their associated switching 
equipment. Grosses are made only at those points 
where taps are taken off to machines, and special 
attention has been paid to making these vapor-tight. 

Above the electrical bay are the transformer pock¬ 
ets, each approximately 40 x 30 ft" in size,, and sepa¬ 
rated by vertical fire walls one foot thick. Below 
each transformer is a basin, drained to the tailraee 
and of sufficient size to accommodate all of the oil in 
the transformer tank. r '' • 

The takeoff structure supporting the isolating 
transformer disconnectors, the Hghtning arrester dis¬ 
connectors, and outgoing lines across the forebay are 
direetly above the transformers. Safe and quick 
maintenance on all switching equipment on this 
structure is made possible by a complete system of 
access ladders and working platforms. 

In the center of the station a space 165 ft long 
abdve tjie electrical bay is devoted to the control 
and terminal .rooms, batteries, station service trans-. 
formers, and station .service switchboards. 


There is provision for a 
'mechanical trash rake, but 
- the rake wili be installed 
only if found necessary. 
Surface trash and ice that 
„ may collect at the turbine 
intakes can be discharged 
directly over the screens 
into the trash sluice built 
into the substructure. The 
crest elevation of the sluice 
" is one foot below normal 
forebay level, and is closed 
off from the forebay by 
gates; these gates when 
raised permit the discharge 
o of all floating debris into 
the sluice, from where it is 
-carried 'directly to the tail- 
race. Compressed air can 
be discharged at points on 
the periphery of the in¬ 
takes .to dislodge and. float 
waterlogged debris. 

In addition to providing 
for heating the screens elec- 


Fig. 4. Cross-section 
of the power house 
through one of the 
main units 
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LONGITUDINAL SECTION. THROUGH POW^R HOUSE 
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Fig. 5. Sectional plans and elevations of the power house 


60-Cycle Generating System 

The 60-cyde generators, of which 4 now are in¬ 
stalled, are 3-phase machines, each rated at 36,000 
kva, 80 to 100 per cent power factor, 13,800 volts, 
at 80 deg C temperature rise in both armature and 
field. As may be seen from Fig. 6, these generators 
feed into a double bus system which ultimately will 
consist of 8 sections with 4 sections per bus. The 
bus and its" connected equipment are designed to 
operate ungrounded; therefore the generator neu¬ 
trals have been grounded only through potential 
transformers to which ground indicators are con¬ 
nected. From this bus power is supplied to the 
230;kv and 69-kv step-up transformer banks of 
which ultimately 3 each will be installed. Equip¬ 
ment is connected to the bus by selector oil circuit 
breakers. Reactors will be installed as needed to 
hold the short circuit values below 1,500,000 kva. 

Only the simplest high voltage switching is pro¬ 
vided at the power house. This consists of a motor- 
driven isolating disconnect with ground switches 
for, each transformer. Lightning arresters, spill 
gaps, apd the lightning arrester * disconnecting 
switches for protecting tike transformers also are 
located at the power house, one set being connected 
to the outgoing leads of each transformer. * At the 
present time there is no high-tension bus, each 
transformer bank being connected directly to a 
transmission line. Either or both "of the 2 230-kv 
transformer banks can be tied to the single 230-kv 
Baltimore circuit. * 

The generators are of the overhung rotor type 
(see Fig. 7) ^with water-cooled guide and thrust 
bearings combined in a single housing below the 
rotor. Guide and the thrust bearings are of thq 
adjustable segmental shoe type; the thrust bearing 
is designed to carry a total weight of 1,500,000 lb, 
incl&dmg'U water thrust of 1,100,000 lb. These ma¬ 
chines are, designed to withstand overspeed to 231 
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,per cent of normal, which value, like that of The 
water thrust, is somewhat greater than usual on ac¬ 
count of the characteristics of the Kaplan turbines. 

Diameter of the generators is 29 ft 2,in. and the 
height 29 ft measured from the lower face" of the 
coupling to the top of the Kaplan head. The fright 
of a complete machine is approximately 400 tons. 

Manufacturers of the generators cooperated in 
the design of the machines in order to make parts 
interchangeable as far as possible; thosefg^fts exposed 
in the generator room are identical in appearance. 

Class B material is used throughout for insulating 
'the generators. While it is not believed that ma¬ 
chines of this size and importance should be operated 
continuously at the 80 deg C temperature rise, it 
was decided that excitation should be provided to 
permit development of the rating corresponding to 
this rise for use during peaks or emergencies. Nor¬ 
mal operation at approximately 28,000 kw,*90 per 
cent power factor falls within the 60 deg C tempera¬ 
ture rise in both armature and field, a rise generally 
accepted as conservative design practise for this 
cla’ss of insulating material. 

A closed system of recirculating air is employed 
for cooling the generators. Air is introduced below 
the rotor and is forced by fans attached to the rotor 
through the windings into an eccentric frame, which 
serves as a duct to collect and conduct the hot &ir 
to the surface air coolers located on diametrically 
opposite sides of the machines (see Fig. 7). A 
gravity system of water supplied from the .forebay 
serves the coolers. Tlie air path is totally enclosed 
.throughout; the ducts are equipped with louvres 
which may be opened as required to bleed air for 
heating the generator roojn. The closed system of 
ventilation was selected rather than open ventilation 
for the following reasons' reduction in space; bet¬ 
ter •control of generator temperatures; better fire 
fighting possibilities, and the exclusion of foreign 
material (particularly construction -dirt). „ 

: 76i 
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Oil Circuit Breakers and Disconnects • 

• c 

• ■ i 

vOil circuit breakers are insulated for 25 kv and 
• are designed to interrupt successfully 1,500,000 kva 
at 13.8 kv. They are cell, mounted with each tank 
in an individual concrete cell. Generator and 69-kv 
transformer breakers are rated at 2,000 amperes, and 
have normal speed of operation. The 230-kv trans¬ 
former breakers are rated at 3,000 amperes (2 are 
used in parallel) and have a guaranteed opening time 
of 8 cycles from application of tripping current to 
clearing of arc. Bus tie and bus section breakers are 
rated 4,000 amperes, and are designed to open at 
normal speed. 

All circuit "breakers are interlocked mechanically 
with their isolating disconnectors. Interlocking is 
effected further throughout high, voltage electrical 
ai;eas, where the Cory system is used to lock switches 
and bus doors on 13.8 kv, and switches on 69 and 
• 230 kv. Special precautions were "taken to isolate 
the oil circuit breakers; they are in separate rooms 
with, in general, not more than 4 breakers in a room. 
Carbon dioxide fire protection is provided for these 
rooms, and oil sumps below each breaker tank are 
drained to the tailrace. 

disconnecting switches isolating the oil circuit 
breakers are designed so that the 6 poles are operated *> 
by one mechanism. When in the open position they 
are swung into ground clamps, thus isolating and 
„ grounding the breaker. All disconnecting switches 
are mounted on insulators interchangeable with those 
supporting the bus runs°and taps. 

230-Kv Transformers 

C * 

The 23CHrv transformers are of the combined gas 
filled-conservator type in which a 16-in. nitrogen 
, filled space, directly below the cover, is kept under* 
* positive pressure by the head of oil in a standard con¬ 
servator. Expansion and contraction is taken care 
of by variation of the conservator oil level. They 
may be operated as standard conservator trans¬ 
formers, if desired. 

At present 2 230-kv transformer banks have been 
«* installed. Each bank has a normal capacity of 84,-* 
000 kva when operating self-cooled, and 126,000 kva 
with blowers in operation. One bank only is now 
complete with blowers; blowers are omitted on t^tie 
second bank because at present it is used only as an 
w emergency spare bank. * 

The 3 single-phase units comprising each bank are 
in individual cells; they are Y-connected on the 230- 
kv side and A-connected on the 13.8-kv side. The 
high voltage neutral is solidly grounded, but the in¬ 
stallation is such that the banks may be grounded 
'later through an impedor of such size as will hold 
the transformer neutral voltage below 76 kv. Four 
2V 2 -per cent taps are provided in the high tension 
» winding, 2 above, and 2 below 230 kv. The trans¬ 
formers are insulated to withstand an induced test of 
461 kv. Their windings and bushings are designed 
to be coordinated with-each other and with a 46-in. 
protective gap on the high-tension structure adjacent 
to the transformers. Each transformer is pro¬ 
tected by a thyrite lightning arrester mounted 
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Fig. 6. Single-line diagram of the 60-cycle system 

Note that each main transformer is connected directly to a 
transmission line « 


on the power house roof adjacent to the trans¬ 
formers. • 

' In addition to the 230-kv transformers, 2 69-kv 
transformer banks have been iMtalled; these are 
3-phase 30,000-kva self-cooled banks of. the inertaire 
type, equipped with blowers to increase this rating 
to 45,000 kva. They are equipped for tap changing 
under load over a range of 10 per cent above and 
below 66 kv. Each transformer is protected by an 
autovalve lightning arrester mounted on the roof 
dose to the transformer leads; protective gaps are 
no* used at this voltage. 

• * * 

Auxiliary Power Supply 

e 

Major auxiliaries at Safe Harbor are supplied at 
460 volts from 2 2,500-kva, 70 per cent power factor, 
house generators, and a single-phase transformer 
bank of 2,500 kva capacity connected to the main 
13.8-kv bus. The house generators are of the um¬ 
brella type, and are driven at 180 rpm by 3,100-hp 
Frauds turbines. 

There ale 2 station buses, each of 2 sections, com¬ 
plete with section switches and one bus tie switch., 
Positions are available for connecting each of the 
house generators and the transformer banks to dther 
bus ; normally one house unit is connected to each 
bus. These buses are isolated from each other, each 
being contained in a steel structure and the 2 sepa¬ 
rated by a 7-ft aisle. Generators, transformer, and 
tie and section circuit breakers are of 4,000-amp * 
capacity. All feeder breakers are of the truck 
type. 

Excitation System 

The unit system of exdtation has been adopted, 
supplemented by a motor-driven spare exdter sup¬ 
plied from the station auxiliary system. Each of 
tl\e main generators receives exdtation from a 185- 
kw "250-volt main exdter .and pilot exdter, both 
mounted above and direct-connected to its generator. 

* • *.' Electrical ^nginpering 
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Provision is made for the future addition of a second 
spare exciter, if found necessary. 

Generator main field rheostats are not required, 
as the generator voltage is controlled by varying die 
fields of the main exciters. The excitation system is 
” designed for a moderately high rate of response of 
the order of 100 volts per second. Parallel fields on 
the main exciter are used to produce that response. 

”* An auxiliary field, in which the excitation may be 
* reversed as desired, is„ provided in each exciter to 
, take eare of sudden ihajor changes in vdltage. The 
excitation of each unit is controlled by a high-speed, 
voltage regulator. <* 

, 

Control 

* * 

In this station 250-volt control is employed. 
Duplicate batteries, each with an 8-hr discharge rate 
of 95 amp to 1.75 volts per cell, are provided. These 
are equipped with a tap to permit their use for 250/- 
„ 125-volt auxiliary lighting. Normally, one battery 
is used for control, the other for emergency lighting 
and other jniscellaneous d-c requirements. 

Switching and control for batteries and chargers, 
&nd switches for d-c distribution are housed in a 
dead front steel switchboard. D-c distribution at' 
the main switchboard is handled from duplicate 
control buses through dead front disconnecting fuses 

housed in distribution cabinets. 

\ 

Main Ground System 

The island in the middle of the river offered an 
excellent location for ground electrodes, but it was 
a considerable distance from the power house. {J»w- 
ever, 4 ground mats, each consisting of approximately 
20 rods connected to 2 500,000-cir-milcablesbyanet- 
' work of 4/0 cable, were located on this island; angle 
lengths of 500,000-cir-mil cable, 300 ft, long, were 
placed along the face of the dam. Inasmuch as this 
entire area is submerged, great care was taken to 
braze all joints thoroughly, and to break the network 
into several parts, the terminals of which were 
brought in through the face of the dam and con- 



Fig, 7* Cross-section through a main 60rcyde ' 
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nected b together inside by 2 <500,060-dr-mil cables 
running through the inspection tunnel. The loss 
of one or more of these incoming feeders from the 
network should not reduce seriously the protective 
value of the ground. ’* • ? * 

, To obtain a direct path for lightning arrester ° 
grounds, several 1,000,000-cir-mil cables were carried , 
from the lightning afrester locatiQp qn the roof, out 
into the forebay, and terminated in connections to 
heavy rail sections. These cables were connected to 
gate guides and other submerged metal passed on 
the way to the forebay. It is expected that the 
amount of contact surface offered will give a fairly 
low resistance. 

At the shore end of the power house directly ad¬ 
jacent to the rock fill on the railroad is a section of 
quiet water. It is expected that considerable silting 
will take place at" this point; therefore, a network 
of cables, with a backbone of 500,000-eir-mil feeders, 
is laid there. ■* / 

Two 500,000-cir-mil cables join the ground mats * 
on the island with those in the forebay and those in • 
the shore end of the forebay. In addition, hehvy 
5 x VVin. copper buses in parallel with these cables 
connect all grounds in the power house area. From 
these heavy buses are run auxiliary grounds to all 
^ sections of the station. Transformer banks are ton- 

* nected directly by short loops to the cables from the 

lightning arresters to the forebay. Transmission, 
line ground wires are tied to the power house ground¬ 
ing system at several points in the vicinity of the * 
power house. , 

* 

Communication • 

’ A Bell telephone system with a central exchange 
located in the control room is used for telephone com¬ 
munication throughout the power house. This is 
"supplemented by an autocall system with stations; 
throughout the power house, dam, and substations, * 
and by an operating-order signaksystem between 
switchboard and turbine gage boards^)n the operat- . 
ing floor. To advise the operating staff of unusual 
operating conditions, a system of telephone annunda- 
, tor drops is used. • 

Relays v . 

•Both the main and house generators are equipped 
with differential relays which shut down the unit 
completely. They are equipped also with overspeed . 
and over-voltage relays with contacts in series. 
These act to open the maid and field breakers and to 
bring the unit to rated speed with no load. # 
Provision is made for differential protectioif on 
the main buses; however, this protection is not yfet . 
installed. 

Main transformer b&nks are equipped with differ? 
ential relays, which protect a zone between the high- 

* voltage bushing current transformers .and the low- • 
voltage bus. The 230-kv transformers are equipped 

in addition with a high voltage winding differential 
scheme. -y. * 

As each of the main transformer banks is con¬ 
nected directly to a line, line and transformer pro- 
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tection is somewhat correlated. High speed impe¬ 
dance relays are used as protection against phase-to- 
pjiase faults. These are backed up by straight over¬ 
load relays. •Inasmuch as there are at present no 
high voltage b’hses on the system, ground protection 
is secured by the use of relays connected in the 
neutrals of the power transformers. 

• *• o , 

Main Turbines 

• • 

An outstanding feature of the plant is the Kaplan 
turbines, the blades of which are adjusted auto¬ 
matically as the load changes, to maintain high ef¬ 
ficiency over a wide range of load; also,.the relation 
betweeif blade angle and gate opening can be varied 
manually to compensate for changes in head. 

[Editor’s Note: For details of the design and 
setting of these turbines see “Kaplan Turbines for 
Sfife Harbor 'Hydroelectric Plant,” by Davis and 
, Spaulding, Electrical Engineering, October 1932, 
p. 728-33.] 

^election of this type of turbine followed an exten¬ 
sive investigation covering turbine units equipped 
with the 4 principal" types of runners, namely, the 
Francis type, the propeller* high speed type with 
fixed blades, the propeller high speed type with 
manually adjustable blades, and the Kaplan high, 
speed type. 

To eliminate the objection of poor economy under 
varyingloads, an investigation was made of the use 
of onel^aplan unit with governor adjusted runner 
blade^ in combination with 5 propeller fixed blade 
runner units. The horsepower-efliciency character- 
fistic of the Kaplan runner is quite flat and, conse¬ 
quently, high efficiencies are maintained as the load 
on the unjtfe reduced. With such a combination 
of units, ana with the propeller fixed-blade runner 
units all operating at best efficiency and the Kaplan 
• unit taking the load swings, reasonably good economy * 
in the use of water may be secured. 

• Kaplan runners with their adjustable feature may 
be operated with the blades wider open than the fixed 
blade position on the propeller runner. Conse¬ 
quently, for a given wheel diameter, the Kaplan 
runner will have a higher maximum power, or, with* 
the same power, a smaller runner diameter with a 
corresponding reduction in the spacing between 
units may be secured. The higher capacities are, of 
course, contingent upon the runners being set suf¬ 
ficiently low for these capacities to fall within *he 
power limits set by cavitation. 

For small turbines the^ difference in first cost be¬ 
tween Kaplan turbines and turbines with fixed blade 
runners is appreciable; as the turbine size increases, 
however, the percentage difference becomes less, and 
for units of the size selected for Safe Harbor, becomes 
small and is practically negligible compared with the 
total cost of the development". As the units in this 
station are required to furnish energy over 2 separate 
systems, it was decided that at least 2 Kaplan units* 
should be installed for each system group, so that one 
will be available at all times for economical regulation 
of the‘load should the other unit be out of service. 
In addition to the foregoing, certain other advan¬ 
tages accrued from Jhe use of all Kaplan turbines 
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with automatically adjustable blades as finally s*e- 
lected for this plant. These are the highest powered 
Kaplan turbines in the world; the r unn ers are 220 in. 
in diameter, and will discharge about* 9,000 cfs at 
full gate and normal head. 

Two means of unwatering the wheel casing have 
been provided. In one scheme the tailwater can be 
lowered automatically by admitting compressed air 
to the wheel casings. As the gates on tfyese units 
approach the no-load position, an air valve will open 
and adnfit compressed air to the wheel casing. If 
•the gates are closed, as when running reserve, of as 
a synchronous condenser, air pressure will be main¬ 
tained automatically in*the wheel casing and will 
depress the water level below the r unn er. The alter¬ 
native method of unwatering the turbines for inspec¬ 
tion or maintenance is .to put stoplogs in the dis¬ 
charge end of the draft tube and pump out the water 
with portable 10,000-gpm unwatering pumps. 

Speed rings are of cast iron in 4 sections, containing 
a total of 20 stationary vanes cast integrally with the 
upper and lower rings; the over-all diameter is ap¬ 
proximately 28 ft 10 in. The speed ring and sta¬ 
tionary speed ring vanes are cofed hollow, and pro¬ 
vision has been made for introducing steam inside 
•the vanes as a protection against the accumulation 
of frazil ice. Provision also has'been made for the 
discharge of steam into the scroll cases, after these 
passages have been unwatered, to aid in dislodging 
any frazil ice which may have formed, and to sterilize 
the wheel pits. 

Turbine guide bearings are of the babbitt lined, 
oil lubricated type. One belt driven pump is used 
to circulate the oil in normal operation. A motor- 
drjyen pump also is installed to start automatically 
through the action of a flowmeter should the flow of 
lubricating oil in the supply line be reduced to the 
minimum quantity required for proper lubrication. . 

Turbine operating mechanism consists of 20 mov¬ 
able cast s£feel gates actuated through 2 oil pressure 
cylinders connected to the gates through an operat¬ 
ing ring and suitable links and levers. This mecha¬ 
nism is protected from injury by the use of shear¬ 
ing pins inserted through the upper and lower sections 
of the gate lever, one section of which is keyed to the- 
gate stem .• 

Governors and Pumping Systems 

Governor equipment is required to perfprm the 
double function of regulating the speed and control¬ 
ling the pitch of the runner blades. Consideration 
was,given to the following features: degree of pro¬ 
tection against outage of the units due to failure of « 
any part of the governor system; sensitive regulation 
of spe^d; convefiience in operation; space required. 

. After carefully considering 3 types of governing sys¬ 
tems, the twin system was adopted; this system in¬ 
cludes for each pair of units: 2 governors, 2 motor- 
driven pumps, 2 pairs of pressure tanks, and one 
common sump tank with 2 compartments. 

Governors are of the oil pressure actuator type with 
motor-driven flyballs; they are of light construction, 
a desirable characteristic for sensitive operation and 
qdick response to changes id speed. • •• 
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•Pumps are of the herringbone gear type, motor 
driven. This equipment is interconnected so that 
one pump may be used for the operation of either one 
or both of th£ main units and the second pump held 
in reserve as a spare unit. Each pump is equipped 
with a pressure starting switch to provide for the 
automatic starting of the pump held in reserve should 
the pressure in the supply tanks fall below the mini¬ 
mum pressure limit setting for the first pump. Un- 
* loader valves are installed to permit^ continuous 
operation of these pumps, if desired, in which case 
the oil will be by-passed automatically to the sump* 
tanks when no additional fluid is required in the 
pressure tanks. Should it be found desirable to 
take.either pair of pressure tanks out of service at 
any time, the pipe connections are such that both 
main units may remain in service, with one on gover¬ 
nor and the other on hand control. 

With this arrangement of equipment, a high degree 
’ of protection against outage is obtained, as the 2 
^ main units served by each system may continue 
to operate with any one piece of governor system 
equipment, temporarily out of service. 

Each governor is equipped with a safety shutdown 
torque motor and solenoid switch, to provide for 
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Steadily pioneering uncharted path$ A the 
continuing efforts of those directing and 
participating in the uncovering and corre¬ 
lation of new knowledge in the field of 
dielectrics are laying foundations, for |he 
further development of electrical apparatus. 
A brief insight into some of these activities 
is given here. 
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automatic closure of the turbine gates, to either the - 
speed no-load or completely closed position through 
the operation of any one of several protective relays. 
Characteristics of the torque motor are such that it 
will not permit the opening of the turbine gates be¬ 
yond speed no-load position until the voltage has 
reached from 50 to 60 per cent of normal (at which 
voltage the flyballs will assume control) except by 
hand through the release of a mechanical lifter. It is 
designed, also, to prevent the gates from opening 
when starting up should one phase of the tifree- 
phase governor flyball motor circuit be open. After 
- the motor has been placed in service,*the gates will 
be closed automatically when voltage drops to ap¬ 
proximately 40 per cent of normal, but Will remain 
opep. with one of the 3 phases of the governor supply 
open, should the voltage remain approximately 
normal. Governor flyball motors are driven from 
the pilot exciters on the main unit shafts through 
'slip rings, and operate at 163 volts, 7.27 cycles. 

Movement of the turbine blades is accomplished 
„ through a piston in the shaft cylinder, which is con¬ 
nected with the operating mechanism in the runner 
hub through a vertical rod within the turbine shaft. 
The piston is operated under oil pre§sure admitted 
to and discharged from the cylinder through 2 con¬ 
centric pipes within the generator section of shaft. 
For every position of the turbine gates, the runner 
• blades are moved to a corresponding position to de¬ 
velop the best turbine efficiencies through a wide 
range of load. The flow of oil to afld from the shaft 
cylinder is controlled by a valve connected through, 
a cam to the turbine gate operating mechanism. 
The relation of the turbine gate openings to the posi¬ 
tion of the runner blades is allowed to remain fixed 
within approximately a 4-ft Variation in head/ Be¬ 
yond this range other cams, which may be quickly 
and conveniently shifted into position, are employed 
to insure reasonably high efficiencies under a wide 
Variation* of "head. 


A - 

S IN PRECEDING years, princi¬ 
pal attention in this brief presentation is devoted to a 
survey of the literature of dielectrics aqd insulation 
as it has come to attention during the past jear. * 
Comments are based upon 4he reading of some 30 
or 40 scientific papers, a list of which may be"*found 
at the close of this article. Since the topics vary' 
over the whole field, from basic theory to large scale 
'applications, the difficulty of a systematic division 
and the impossibility of anything more than a passing 
, comment on the most important aspects 'of all this 
work may be appreciated. * 

* 

Gases * 

* • 

An important series of optical studies of the begin-; 
ning of spark discharge is reported by Lawrence and 
•Dunnington. Using a Kerr cell between 1 * crossed , 
Nicol prisms, photographs of sparks 4 X 10 sec 
after the application of voltage, as well as measure¬ 
ments of the broadening of spectrum lines and of the 
instantaneous current and temperature, have shown 
current densities of 1.7 X 10° amp per sq cm in the 
spark; have revealed inter-ionic fields of 10 6 volts \ 
per cm, and the ionization,of y 3 of the total number 
of ^molecules; and have shown temperatures of the 
order of 10,000 deg K in the spark. These remits 
support Slepian’s theory of thermal ionization. . 

By experiments in a uniform field Inge and Walther • 
have studied the flashpver of solid insulators. It is 
stated that flashover is always a breakdown of the 
.air. This breakdown is influenced, however, by # 
moisture or other condition of the solid surface* 
through auxiliary ionization and unequal potential 
gradient; clean, dry* surfaces in a .uniform field 

Essentially full text of a report presented to the fifth annual meeting of the 
N. R. C. committee on electrical insulation by Doctor Whitehead as its chairman, 
Baltimore, Md., Oct. 11,1932. <* 
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flash over at the sanfe voltage as the air when the 
diefeatric is removed. 

\ Interesting results on the decomposition of gases 
• under electrical discharge are reported by Linder and 
. Davis. Under glow discharge it is found that in a 
. series- of similar hydrocarbon compounds of increasing 

* molecular weight the rate of gas evolution per unit 
current increases with the molecular weight, whereas 
in a series of the same molecular weight it increases 
with decreasing centralization. In another paper 
the ionization and dissociation of benzene and carbon- 
bisulphid under electron impact have been studied by 
spectrographic methods. Interesting data are re¬ 
corded as to the nature and numbers of the resulting 
ions and conclusions are reached as to the stability 
of the bonds in the original molecule. These experi¬ 
ments have as their ultimate object the determina¬ 
tion of information as to the chemical reaction in 
electrical discharges, with particular reference to 

» the causes of the generation of gas' in high voltage 
impregnated paper cables. 

• *• 

Liquids 

Thfe outstanding contribution in the field of liquid 
dielectrics is a series of 6 or more papers by A. Ni- 
kuradse, of the Technische Hochschule of Munich, * 
concerning ionization, conductivity, and breakdown 
in insulating oils. These papers for the most part 
center -about careful observations of the current- 
voltage’ curves under controlled conditions, and of 
similarly, controlled breakdown tests over a wide 
,range of frequency as related to the same oils. Good 
evidence is produced that the continuous current- 
voltage curve is of the same shape as that pertaining, 
to gases. ,-The saturation region is shown clearly, 
and in particular the ascending portion of the curve 
. at higher voltages has been examined over a wide • 
•range of conditions. Temperature variations in 
the curves, 'and the increase of current with increased 
distance between electrodes, permit the computa¬ 
tion of ionization coefficients and strengthen the 
theory of secondary ionization as the underlying 
cause of„breakdown. In these experiments, purifica- 

* tion was accomplished by (hying, filtration, and sue- * 
efissive distillation in an unusually elaborate experi¬ 
mental set-up. A definite residual conductivity 
always was found. The saturation phenomenon 
remains, and there are evidences of space charge of 

. other polarity effects as related to the shape and ffi a - 
terials of the electrodes. In the work on breakdown, 
one of the most striking features is the great increase 
in dielectric strength that may be reached by puri¬ 
fication, this increase being of the order of from 100 
to 1,000 times the values commonly attributed to 

* good commercial insulating oils. The purer the oil, 
the less Jthe influence of both cpressure and tempera- 1 
fure. .For decreasing time of voltage application, 
the breakdown voltage for both pure and impure* 
liquids approaches the same value,. 1.3 X 10 8 volts 
per cm, at an impulse voltage of duration of the 
order 10 ~ 10 . .The influence that air in solution in 
an insulating oil has upon the behavior when electric 
stress is applied has been studied by Kopplemhn. 
Data on the relation to breakdown are submitted. 


* 

It should be noted that in this work Nikuradse 
has not studied the question of behavior under alter¬ 
nating stress except in the matter of breakdown. 
The continuous current-voltage relations are those 
pertaining to the long time or steady state. Current 
and loss relations under alternating stress are associ¬ 
ate^ with an initial or short timq value of conduc¬ 
tivity that may be quite different to that observed 
in the steady state under continuous potential. The 
steady alternating behavior related to this type 
of short time conductivity has been continued.at 
•Johns Hopkins using several highly refined and care¬ 
fully protected oils of‘the commercial insulating 
group. It has been sho^n that in the low range of 
frequencies the losses and power factors of these oils 
are completely accounted for by an initial value of 
d-c conductivity having*a duration of the order of 
one second. The conductivity is clearly ionic and 
there appears to be no reason to invoke any type of 
loss other than that due to the friction of ionic trans¬ 
lation within the liquid. • 

Several studies of refined insulatiijg liquids in .small 
cells having as their object the correlation of molecu¬ 
lar and electrical performance are known to be 
under way, but no important results have been re- 
‘ported during the year. 

Action of cathode rays on hydrocarbon liquids has 
been studied by Schoepfle and Fellows, and in other 
experiments in the laboratories of the Detroit Edison 
Company. The gaseous products of several hydro¬ 
carbons under fixed conditions of bombardment are 
reported. Certain correlations have been found 
between the amount of gas and the molecular struc¬ 
ture. Saturated hydrocarbons give large amounts of 
gas?, jvhereas unsaturated hydrocarbons, give small 
amounts.of gas. Aromatic hydrocarbons give prac¬ 
tically no gas.* These experiments are directed par¬ 
ticularly toward the conditions underlying the libera¬ 
tion of gas jn high voltage cables, and seek informa¬ 
tion as to the relative stabilities of various oils under 
electric influence. 

Solids 

Most of the contributions in connection with solid' 
dielectrics have a theoretical trend. P. Boning has 
continued his contributions expounding his theory* 
of adsorption by colloid particles of the ions of one 
sign, and *the passage to the electrodes of the ions 
of opposite sign, thus creating space charges and high 
values of potential gradient. The theory is devel¬ 
oped particularly for liquid insulators, but is extended 
to include impregnated materials and others in which 
the liquid phase obtains to some extent. The most 
recent contribution deals specifically with the applica¬ 
tion of* the theory of the behavior of impregnated 
paper, with particular consideration of space char ge 
and potentiaf gradient. P * 

_In a paper entitled, “What Is an Insulator?” 
Meissner proposes that the characteristic properties 
of insulators lie in the elementary crystal cell. The. 
ttmiience of the type of lattice, the nature of the 
bonds, and the intensities of the fields are discussed 
and correlated with experiments on piezo* and pyro 
phenomena in crystalline and amorphous quartz. 
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^he behavior of complex dielectrics also is discussed 
and the statement made that these, in general, if 
fused and allowed to solidify while under electric 
stress, also will show the pyro and piezo effects. 

Debye’s theory of molecular orientation aS an ex¬ 
planation of dielectric loss in solid and semi-solid 
materials continues to be a topic of interest. An in¬ 
teresting series o$ experiments carried on by IT. H. 
Race on, electric and other physical properties of in¬ 
sulating oils, notably of oxidation and the spread of 
oil on water, support only partially the explanation 
of dielectric loss as a Debye effect. Oxidation in*- 
creases the loss, but not the frequency at which 
maximum occurs. However, the spread, on water is 
increased and this is" an evidence of a polar property. 
A substantial loss factor remains after the computa¬ 
tion of the Debye loss, indicating some other loss. 

Measurements of dielectric constant and power 
factor of rosin oil and ethyl abietate in the range of 
frequency from 10 cycles to 100 kc and over the 
temperature yange from —65 to -f-20 deg C, and 
othey measurements made on certain glycols in the 
frequency range* from 1 to 100 kc and with tem¬ 
peratures ranging down to —90 deg C have been 
made by White and Morgan. The particular inter¬ 
est of these substances is that their viscosity in¬ 
creases* greatly Within the temperature ranges men-, 
tioned, so that the anomalous dispersion or change of 
dielectric constant and also the maxima of power 
factor may be traversed into the measurements. 
Good agreement as between experiment and the 
Debye theory was found for a pure, glycol, but some 
divergence in the case of a solution. Similar qualita¬ 
tive agreement was found by the same authors in 
rosin oil. At Johns Hopkins, experiments Ijave 
shown that in,the low frequency (60 cycles)‘Tange 
the observed variation in power factor and capaci¬ 
tance or dielectric constant with temperature may . 
be accounted for in terms of a polarization arising" 
first in the separation of space charges and later, 
as, the solid phase is approached, in terms of the 
Maxwell dielectric absorption. So far as the losses 
in well known insulating liquids and in the more com¬ 
plex combinations for commercial insulation at 60 
cycles are concerned, there seems to be general* 
agreement that types of polarization other than that 
due to molecular orientation are well recognized, and 
under the MaxweU-von Schweidler theory of di¬ 
electric absorption are sufficient to account for the 
observed values of power factor and dielectric con¬ 
stant and their variations. If polar molecules are 
present, their contributions to these variations prob¬ 
ably are small. At present, the most proposing 
means of distinguishing between these two effects is 
to find a material in which there are two regions 
where the dielectric constant changes with frequency. 
In fact, Gemant has called attention to the fact that 
three such regions are to be expected, the third region 
being that of normal or optical dispersion due to the . 
inertia of t&e charges within' the body of the atom. 
Gemant places the range of frequency for the Max- 
well-Wagp.er power factor maximum and Correspond¬ 
ing anomalpus dispersion at from 1 to 10 5 cycles, 
whereas *tlie Debye region is froin 10 6 to i0 u , knd 
tile indfer atomic region is’around 10 14 cycles. * 
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The,mechanism of the breakdown in solids has 
been discussed in an "extensive paper by Joff4 in 
which he includes brief accounts of many experiments 
which heretofore have been published only in Rus¬ 
sian. They are now and will be in the future avail¬ 
able in the Physikalische Zeitschrift der- Sowjetunion, 
which is printed in German. Experiments are re¬ 
ported indicating that the breakdown voltages of 
natural, carefully tempered, and strongly deformed 
rock salt, colored by exposure to Rontgen rays, were 
found to be identical for impulse and continuous 
voltages, a result which the author feels proves that 
internal crystal cleavages have no bearing upon the 
mech anism ^ of breakdown, just as the same author 
has shown "that they have no influence upon the 
electric conductivity. Ionization by collision is 
studied in thin layers, in which case the ionization 
leads to a stationary current easily measured, instead 
of to breakdown. This peculiarity of thin layers is 
related intimately to their higher dielectric strength. 
As observed in mica and glass in layers 0.005 mm * 
thick, dielectric strengths of 50 X I0 6 volts per cm 
were reached. The same phenomenon also was 1 ob¬ 
served in pure gas-free liquids. Whereas, in thick 
layers, breakdown due*to impulse or collision ioniza¬ 
tion is independent of the temperature, in thin layers 
the breakdown voltage is lowered with rising tem¬ 
perature until it reaches the thick layer value at the 
temperature of thermal breakdown. These facts 
lead to the conclusion that impulse ionization is 
caused by mobile ions and not in any way?by elec¬ 
trons due to radio active influence. Nevertheless, 
it seems to indicate that an avalanche *of ioiJSs leads 
to breakdown when the necessary initial conditions 
for thermal breakdown are present. The increased 
conduction due to ionization by collision, if not 
carried to breakdown, vanishes very* quickly. : In 
thin mica the recombination time is less*than 0.003 


Commercial Insulation • 
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From a great deal of experimental’and develop¬ 
ment work in this field, space limitations permit the* 
mention of only 1 or 2 examples that are of particular 
significance. Gemant has proposed a new theoretical 
analysis of the rising power factor-voltage curve for 
impregnated paper containing gas layers. It is 
biased upon the assumption that the breakdown of a 
thin air layer is limited to about 350 volts and that 
after breakdown the difference of potential over the. 
air layer becomes zero and the ionization current 
stops. Further discharge can take place only by 
further increase of the applied over-all voltage of by 
its reversal. Thus, during the alternating cydfe of 
maximum value just sufficient to cause breakdown,, 
there will be 4 such breakdowns in one cycle. If the 
applied voltage is double or three times thatmecessary 
to cause the first breakdown, the number of dis¬ 
charges will be 8 and 12, respectively,. etc. The 
author attempts a mathematical extension of this 
idea to the general case as based on thermal relations. 
The curves as derived agree generally with those ob¬ 
served, and the author claims that the usual power 
factor-voltage curve as measured may, by use of his 
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formula, be used as an indication of the density of air 
layers^within the insulation. r 
.Whitehead and Banos, working with 10 different 
insulating oils, have shown that the dielectric loss 
in impregnated* 'paper consists of 2 components, one 
due to. conduction and the other to dielectric absorp* 

• tion; and further that a general relation exists be¬ 
tween each of jth§se components of loss, and dhe 
common physical properties of the impregnating oil* 
Baker and* James have shown in qualitative mannpr 
the existence of soft X-rays and unequal potential 
distribution in impregnated paper. Wood and 
Brobst have reported the treatment of textile insula¬ 
tion with cellulose acetate, with resulting lowering 
of leakage conductance, the action apparently being 
due to the laying down of the fibers. 

High Voltage Cables 

• ♦ 

m A great deal of experiment and observation on 
"cables, both in service and in laboratories, is being 

* conducted, by prominent utility companies. These 
studies have to do largely with the influence of tem¬ 
perature cycles on loss-and power factor as related to 
stability, and in several instances are paralleled by 
accelerated life tests. Particular attention is being 
giveif to the performance of oil filled cables, and to 
the. question of the possible reduction in thicknesses 
of insulation. Other questions receiving attention 
are a suitable^ aging test, the deterioration of impreg- 
nating ofls under electric, discharge, the thermal re¬ 
sistivity of insulation, and the imperfections of lead 
sheath Hue t<5 corrosion and other causes. Reports 
of these various studies are commonly circulated 
within the N.E.L.A., the Association of Edison Il¬ 
luminating Companies, and the bulletins of the 
Electrical Testing Laboratories. These reports are 
familiar to many persons, and as they are not pub¬ 
lished no attempt has been made to record them in 
detail in this report. An interesting survey of 
modem design, construction, and operation of high 
•voltage cables wall be found in a group of papers pre¬ 
sented to the" International Electrical Congress in 
Paris this last s umm er 
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'Monographs 

While the issuance of another monograph has been 
impossible during the year just closing, substantial 
progress has been made toward the completion of 
further volumes in the series of monographs on di¬ 
electrics and insulation to be published under the 
auspices of the National Research Council’s com¬ 
mittee of electrical insulation. The first in the 

• series*? as may be remembered, was “The Nature of a 
paS,” prepared b.y Prof. L. B. Loeb of the University 
o! California, Berkeley, Calif. The manuscript of 
the second in the series—“Liquid Dielectrics,’’ by 
Dr. Andreas Gemant—is in hand and now is in proc- 

• ess of preparation for publication. Progress is being 
made on 5 additional monographs: 

Electric Discharge in Gases, by K*T. Compton and Irving 
Langmuir * . 

Conduction in Gases, by J. Slepian and R. G. Mason 

Solid Dielectrics, by C. F. Hill 

f 
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Heated in Contact With Air, H. H. Race. Jl. Phys. ChemJ 
1932, p. 1928. 
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Physics % May 1032. 
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Out-of-Step Conditions 
on a Synchronous System 


ALEX A. KRONEBERG so U *«™ Calif. Edison Co,, 

ASSOCIATE A.I.E.E. Ltd., Los Anseles, Calif. 


v, ■ . 

During out-of-step conditions on a syn¬ 
chronous system, a‘state of‘equilibrium may 
be reached under which the system will 
neither accelerate nor-retard until condi¬ 
tions are changed by’switching operations. 
- or by removal of synchronous condensers. 
Proof of this theory is given for a condition 
where the synchronous condensers were 
operating at 35 cycles (70 per cent of nor¬ 
mal), the^generators at normal speed of 50 
cycles, and induction motors, with a load 
varying as the square of speed, operating 
at 65 per cent of synchronous speed. 


o, 


all the remaining synchronous machinery of the 
system. P T includes the internal losses and power 
supplied to resistance loads. Synchronism a will be 
lost when the angle 8 exceeds 90° and P m + P r 
becomes equal to or less than P. From then on 
the synchronous power P m alternates 'from” positive 
to negative. The net power applied to the rotating 
parts of the generating unit is equal to the algebraic 
difference of the 2 sides of eq 1. This is shown in 
Fig. 1. 

In most cases’ P m is larger than P r ; hence when 5, 
reaches the magnitude of 270° the left side of eq 1 
becomes an input of power from the slower system 
to the faster generator. It can be shovPn that if P 
could be made equal to P r diiring out-of-step con¬ 
ditions, the generator would continue to run zb some 
average constant speed, but out of synchronism. 
Were P reduced to a value lower than P r the genera¬ 
tor would retard and eventually fall in step with the 
system. This reduction of P is effected by the 
governor Of the prime mover, but is not fast enough 
to prevent considerable disturbance of the system. 


However, eq 1 is true only under normal operating 
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bi^N SEVERAL .OCCASIONS it was system. This reduction of P is effected by the 
observed that when out-of-step conditions exist on g 0ve rnor Of the prime mover, but is not fast enough 
tbe system of the Southern California Edison Com- to p reve nt considerable disturbance of the system, 
pany, Ltd., the synchronous condensers slow down » ^ 

to about 35 cycles per second and run at that speed t nerxia 

until switched off the line or until operating condi- * 

tions are altered in some other way. To determine ^ However, eq 1 is true only under normal operating 
the proper'procedure for quick restoration of 'syn- con ditions and approximate for small deviations from 
olTronism an actual out-of-step condition was ex- synchronous speed. An important term has been 
Jtxaustively analyzed; the results of that analysis are # om itted in the foregoing discussion that must be^ 
Igiven in this article. For some time several methods introduced into the equation when transients and." 
have been available for deter minin g the ])ower limits ou t-of-step conditions are being investigated. The 
of ,a transmission system under steady state and net power applied to the rotating ]3arts of the gener- 
-transient conditions, but little is known of the be- ating un ft ^ een mentioned already, Power ap- 
bavior of systems when definitely out of step. The to a ro tating body having a certain angular 

subject of system stability as presented up to this 

{•im p has been treated as a problem of maintaining • * 

stability, whereas this article gives prime attention 

-fco the problem of regaining stability. 

* 
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net power applied to the rotating ^5 arts of the gener¬ 
ating unit has been mentioned already, Power ap¬ 
plied to a rotating body having a certain angular 


<E>VKrcnRONOus Power , 

% 

The first step in evolving a method of solution was 
-fccy consider the power equation of a synchronous 
machine: • » 

Jprn sin 8 + Pr = P W 

Xu thi s equation, which is accurate enough for the 
-purpose involved, the terms representing electrical 
power are grouped on the left side oS the equation 
^nd are equal to P, which is mechanical power, The 
-term P m is the maximum synchronizing power that 
c an be exchanged between the generator and the 
equivalen t synchronous machine, which represents 

prepared especially for Electrical Engineering. Written discussion is 
?ri.vited. and null be, published in so far as space and other controlling* factors 
^percrit. Ityt pubiished in pamphUbform, • 
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P m SIN6+Pr 




;P m siN 8 +Pr 

: P 


P m SIN 6+P r 



P m SIN6 + P r 


j WORK OF ACCELERATION 
WORK OF RETARDATION 


Fig. 1. Input and out¬ 
put of a synchronous 
generator when running 
out of synchronise ex¬ 
pressed as functions* of 4 
angle between internal 
voltages of the genera¬ 
tor and the combined 
synchronous machinery 

1. P larger than Pm H- Pr 

2. P smaller than Pm + Pr 
btft larger than Pr 

3. P is made equal to Pr 

4. P is made smaller than Pr 


momentum (sometimes called moment of momen¬ 
tum) will cause acceleration or retardation, depend¬ 
ing upon the direction of the power applied. Either 
the generator or ,the system can be taken as a refer¬ 
ence and a relative inertia term assigned to the other. 
Remembering further that the relative acceleration 
of the 2 is the second derivative of their angular dis¬ 
placement, eq l ean be expressed'as follows: m 

Pi ~~ +*P m sin 5 + Pr = P (2). 

This equation represents synchronous machines with 
very little damping or induction motor character¬ 
istics; for transient stability calculations at or near 
synchronous speed, it is being used in this form or its 
equivalent in torque terms. 

Induction Machine Characteristics 

« • 

Synchronous diachines have some damping as an 
* inherent characteristic in addition to the damping 
introduced into their design to stabilize them in 
opefation and to improve their starting characteristics. 
Damping is equivalent to the induction machine 
characteristics that exist in the field structure of the 
synchronous machine. A certain amount of damp¬ 
ing -is introduced by the field circuit itself when 
completed through the armature of the exciter, by 
the damper windings when present, and by the iron 
of the field structure. As in induction machines, 
the powfcr due to damping is a function of terminal 
voltage and difference'of speeds or the first derivative 
of angidar displacement. By introducing the damp¬ 
ing term in eq 2 the following equation is obtained: 


The average can be found by integrating with respect 

to dt between limits of O and ~ and dividing by 

K. 

The final equation will be * 

PaK + Pr = P * (6) 

Equation 6 can be interpreted to mean that when 
a synchronous generator is out of Istep, and running 
at constant speed, the synchronizing power # is pulsa¬ 
ting and the average value is* zero. The input then 
must be equhl to the total of lc/sses, resistance loads, 
p,nd output as an induction generator. When a 
condenser or synchronous motor is out of step and 
running at a constant speed the mechanical output, 
losses, and electrical output due to internal voltage 
must be equal to the input as to an induction motor. 

The assumption of 8 being a straight line function 
of time is not correct in a strict mathematical solu¬ 
tion, but a substitution of typical numerical values 
and a step-by-step solution would demonstrate the 
permissibility of that assumption, because the result 
is quite accurate for practical purposes., # - 

* 

Method of Computation 

* 

r When machines of different characteristics are 
r connected to the same system and are out *>f step, 
r 2 or more frequencies are imposed on the system. 
The method of analyzing a condition of this kind is 
discussed in the following paragraphs. 
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Pi TS + P -^+ P - 


sin 8 + Pr — P 


(3) 


This is the general equation of a synchronous machine 

•and its development is described by W. V. Lyon and * 

l3. E. Edgerton, in their paper ‘‘Transient Torque- 

Angle Characteristics of Synchronous Machines” 

, (A.I.E.E. Tran©., v. 49, April 1930, p. 686-99.) 

* 

Out-of-Step Operation 
. + 

* ^Unfortunately eq 3, which is a differential equa¬ 
tion,'has not been solved; that is, presented in the 
form 


8 - M 


£0 


Were such a solution available, all Stability and out- 
of-step problems could be solved easily in terms of 
time. As it stands, problems of this kind must foe 
dealt with by making various assumptions and 
approximations, or by making long and tedious step- 
,by-step calculations. 

The assumption which led to the method of calcu¬ 
lation of t>ut-of-step operation now will be discussed. 
As was observed in actual operation, the difference 
in speeds of generators and condensers was constant 
for a period of minutes. This being the ‘case; the 
angle 8 was assumed to Joe a straight line function of 
time {Kt + 8 0 ) r 
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PaK + Pm sin (Kt + 8o) + P, ~ P 


(5) 


10 20 30 40 50 60 70 80 90 100 

SPEED OF INDUCTION MOTOR IN PER CENT OF SYNCHRONOUS 

Power input and output of machines ex- 
as functions of speed of induction motor 

System consists of 200,000 kw of steam generati ns capacity, 
240,000 kva of synchronous condensers, 190,000 lew or 
induction motor load, and 50,000 kw of resistance load. 
'The generators are. operating at normal speed while the 
' condensers are operating $t7© percent of; synchrofious^peed # 
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‘ M 9° n ? < i er a sil ? 1 P le system composed of a generator, 
i transmi ssion line, a synchronous condenser 
n damper windings, an induction -motor with a 
.. oa .* var ywig a.s the square of its speed, and some 
tvistance or lighting load. The generator is running 
at oU cycles, the condenser at 35 cycles. The prob¬ 
lem is to determine the speed of. the induction motor 
and ,the power mw in the circuits. To do thig,*the 2 
synchronous machines are considered as consisting of 
ail ideal synchronous machine solidly coupled 
mechanically to an* induction machine having char¬ 
acteristics similar to those of the original machine. 
Under normal synchronous operation both com¬ 
ponent machines would*be connected t to the same 
circuit and the induction part would be driven at 
syiiclironous speed with respect to the system thus 
having zero power output, but during out-of-step 
conditions 2 systems must be considered. One of 
these is a 50-cycle system composed of the syn¬ 
chronous generator supplying power to the induction 
motor characteristics of the synchronous condenser 
which is operating at a 30 per .cent slip, in addition 
to the power required by the induction motor and 
resistance load; the other, a 35-cycle system com- 
* posed of an induction generator operating at 43 per 
cent positive slip and supplying power to the induc¬ 
tion motor and‘resistance load by virtue of the fact 
that the induction characteristics of the synchronous 
generator receive excitation from ther synchronous 
condensers at 35 cycles. Power inputs and outputs 
of the units in both systems can be computed and 
t he results superposed. The results then are plotted 
as functions of induction motor speed. 

In Fig. 2 are shown results of computations of a 
condition experienced on a portion of the system of 
the Southern California Edison Company, Ltd* after* 
an out-of-step condition had occurred and The system 
had been separated into 3 independent sections. The 
section under consideration included 200,000 kw of 
steam-electric generating capacity, *240,000 kva 
of synchronous condensers, a normal 190,000 kw of 
iiiduction motor load, and 50,000 kw of resistance 
load. The speed of*the generators at the time repre¬ 
sented in Fig. 2 was normal, but that of the con¬ 
densers was observed to be but 70 per cent of normal, 
or 35 cycles per second. As may be seen from Fig. 2 
the induction motor was running at about 65 per cent 
of synchronous speed, as* the dual frequency input 
at that speed balanced the load. The mduction 
motor load under these conditions •amounted to 44 
tier cent of generator input or 88,000 kw, fhe lighting 
load amounted to 12 per cent of generator input or 
24,000 kw, and the bus voltage was 69 per cent of 
normal. The remainder of the generator mpdt was 
absorbed in generator, transformer, line, and con¬ 
denser losses. The generators were carrying full 
load and could not develop any additional power to 
accelerate either the condensers or. the mduction 
motors. The induction motors did not slow down 
because at lower speeds their input would have 

exceeded ttfeir load. * • , 

With conditions of this kind established on the 
system it is necessary to switch the condensers off 
until after* the induction motors are accelerat^lto 
jpfbrmak spfced with respect to the generators. ,^hen 


f . 

the condensers can be resynchronized. If the system 
be allowed to operate for any length of time cinder 
conditions like those just described the condenser and 
generator damper windings gmd field, structures’will 
overheat rapidly and eventually burrf out. 1 


Details of Calculation 


*9 * r. i 

Some of the details of calculating out-of-step 
conditions are indicated in the following brief outline. 


Nomenclature: 

Ei —internal voltage of generator * 

Ei —internal voltage of condenser * 

Zi —impedance of generator to bus 

Zi —impedance of condenser to bus , 

V —bus voltage ’. * 

R —resistance shunt 

Zi —impedance of equivalent induction generator driven at/, cycles 
on an/j-cycle bus 

Zi —impedance of induction motor at speed S’* on an/i-cyde £us 
Z% —impedance of induction motor at speed Sj on an / 2 -cycle bus 
Zi '—impedance of synchronous condenser at speed fz cycles on aji 
/i-cycle bus 

Y' —total admittance of circuits at/i cycles from air gap of generator 
Y" —total admittance of circuits at fz cycles from air gap ’of syn¬ 
chronous condenser 


There will be 2 electromotive forces in the* circuit. 
If/is the normal frequency, 


£,' = fa 


and 


The generator output will be 


Pi + jQi = 4 Ei V' T - tQ- 2 

/ Zx w 


Condenser input (or output) 


p,+jQ*-j& v'r - ( -~¥ 


Induction motor input 


Zjz z-a 


Resistance load 


(FQ 2 + (FQ 2 
P * R 


Bus voltage 


V' = .(£)* sfZt 

V" = Z, 


• The problem then consists in evaluating the im¬ 
pedances and admittances of the circuits, usysg all 
• available data on machinery or making reasonable 
assumptions. ? 

Generator input = Pt (constant) 

Motor load = where P L = coefficient. 


Proof of Superposition Principle 


If 2 frequencies having a ratio r 


i/Jr = r 
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are considered and expressions for instantaneous 

voltage. and current in one phase to ground of the 

circuit are written 
• 

*ei — Ei sin ( rcat )’*. 

= £2 sin ((at) . 

"*i ;= 7i -sin (rcat'+ 61) 

Hi — h sin (cat + 8 2 ) r 

the powers (1 |>hasejare 

1 * * 

Pi = -7 £ili cos Bi 

* • 

P 2 = ~2 A* I* cos 02 

r 

and it is ter be proved that 


A Theory of Neon 
Tube Operation 

C o ^ * 

Here is advanced a theory of luminous 
tube operation based upoh an engineering . 
# study of the voltage and current waves 
associated with the discharge of electricity 
through neon gas. 


2 Pb 


Pb = Pi + Pi 

• The resultant voltage and current in the circuit are 
• • • 

e& — £1 sin (real) +*£2 sin (cat) t 

«b = Ji sin (fto£ + 0 i) + I2 sin (cat + 0z) 

^uid lie instantaneous power is 

Pb = edit - [£1 sin (teat) + £2 sin (to/)] 

[Ii'sin (feat + 81) + I2 sin (cat +. ^2)] 

Pb = j 05 .Ii sin (rcat) sin (real + 81) + Ed 2 sin (to/) sin 
.(w/ + &) + -£ 1/2 sin (rco/) sin (cat + 0 a) + 

E^i sin (cat) sin (rcat + 0 i) 

Remembering that 

* • sin a sin /£ « cos (a — 0 ) — — cos (a + 0 ) 

wenowfiave * 

= E1I1 cos + EJi cos 82 — £1/1 cos (rcat + 0 i) 

*— JE2I2 cos (cat + 82) + E1I2 cos (02 + (1 "" r)cai) 
— E]Iv*x£ (02 + (1 + r)cat) + j^i cos ( 0 i -j- 
(1 — r)cat) — Edi cos ( 0 i 4 * (1 + r)cat) 

The average value of power is 

^ 1 r * 

P *=-= I eidt * 

i * TJ ° * 

Let 0 and P satisfy the equation 
sin (cat) = £in (rco/) =0 

and integrate the expression for 2P B . The process of 
integration is too complicated to show here, but the 
result is 

f* 

UPb — Ed 1 cos 0 i -f- E %1 V cos 02 

• and 

1 1 • * " 

Pb = Edi cos 0 i + Edi COS 02 r 

% 

* whifh is 

# pR = Px-PPi 

* ' 
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SUCCESSFUL OPERATION of the 
popular cold cathode neon tube lighting system* 
depends upon many factors, some of which are quite 
intricate^ and intangible. In this* System a •trans¬ 
former which^may have 97 per cent reactance and a 
secondary potential as high as 15 kv is used as a 
source of supply. The theory of operation of this 
system may be generally unknown, and it is the 
purpose of this article to promote a theory from an 
engineering standpoint based upon a study of the 
voltage and current waves associated with thp dis- 
r charge through the neon gas. 

In i£s nprmal state neon gas is a relatively good 
insulator, but when ionized the gas becomes a con¬ 
ductor with a* negative resistance characteristic. 
This means that the lower the voltage drop across a 
given length? the greater the current that flows 
through the gas. A volt-ampere curve of one pqjr- 
ticular type of neon tube is shown in Fig. 1. If the 
symbol e t represents the instantaneous value of 
voltage it can be expressed as some function of the 
current, thus 


et = f(i) 


( 1 ) 
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If a sinusoidal current wave passing through the 
gas be assumed, And if from the instantaneous valuds 
of current,,are found the corresponding values of 
voltage, the wave form of voltage necessary to pro¬ 
duce this purrent can be determined. Such a wave 
form is shown in Fig. 2. It is not feasible, however, 
for a sine wave of current to flow through the neon 
gas because the ionization potential as shown in 
Fig. 1 is'‘higher than the voltage necessary to main¬ 
tain a current flow. The potential at the beginning 
of each half-cycle must rise to a value sufficiently high 
tor ionization, then reduce to some value indicated 
by the curve in Fig. 1. It is evident that? the current 

Written especially for Electrical Engineering, Based upon a paper origi¬ 
nally read before the A.I.E.E. Fort Wayne, Ind., Section, tlys article supple- 
menta*the Information concerning luminous tubes as given in the articles pub¬ 
lished*, is Electrical Engineering in August and Novemjper 1931. Not 
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\c*r,Sy.To! n , at zer ? for a short period Of time during 
" •* \ ( y c ^ e » and as a result the wave form is more 

cc | * a ® ine wave. The actual wave form of 
I apd' voltage is shown by the oscillogram in 

^ ° which was obtained from a circuit employing a 
V t 1 ? teac ^ °f. a reactance for limiting the 
, ^ ^ 1IS establishes 2 important facts: (1) 

Uit wie current Wave crosses the zero axis inside the 
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. . VOLTAGE (e) 

Fig. 1. Volt-ampere characteristics of one type of 
neon tubing including electrode and gas column 



The, vector and wave-form diagrams of Fig. 5 may 
represent, respectively*, eqs 2 and 3, and fronj these 
diagrams it is clearly evident that the load voltage 
lags the induced or open circuit *V 9 ltage by some 
angle <j>. If the load is of such a nature that a peaked 
current wave is established throughout the circuit, 
the differential of this current wave represented lay a 

L ^ will be a flat topped wave. * When this flat 

voltage wave is subtracted from the open circuit 
voltage e, the load voltage wave e R also will be a 
flat topped wave as shown in Fig. 6. T^us it is 
possible for the current to assume such a form that 
the load voltage wave will be somewhat similar to 
that shown in Fig. 2 and therefore suitable for 
operating a neon tube load, at least for a portion of 
each half-cycle. When a neon tube load is substi¬ 
tuted for a resistance load, the symbol e t should be 
substituted for e R in eqs 2 and 3. , Thus there are 2 
equations (1 arid 4) which must be satisfied by the, 
same value of current: 

* = m . . * * ( 1 ) ’ 

*■ = «.-£ | _ * • (4) 

When the neon tube load is placed across the 
secondary of the transformer the current follows a 
periodic variation. The instantaneous values of 
current not only must give some specific value of e t 
represented by eq 4, but the same instantaneous 
value of current must give the same value of e* when 
taken from the curve in Fig. 1 or from eq The 
actual wave form of current, therefore, will be a 
compromise between a peaked wave and a sine wave*. 
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Fig. 2. Voltage wave (e) calculated from Fig. 1 

assuming sinusoidal current (i) , 

It velope of voltage wave,, and in this respect the 
it*cm tubing acts as a resistance load requiring 
►talked current; (2) during each hdf-cyole the cur- 
tit actually is zero for a finite length of time. 
(Consider a high reactance transformer as repre- 
t**iled by the circuit in Fig. 4 which shows the re- 
since of a transformer concentrated in an indue- 
„ncc X. in the secondary circuit. Neglecting the 
csistance drop in both the transformer and the 
Kt^rnal inductance the voltage across the resistance 
may be represented by the equation 

l m «* Eh — Et, vectorially ■ @) 

jn eqs 1 and 2 the symbols E indicate rms values. 
£ instantaneous values are considered, 



6* r-i' ti, '•' 

m di 
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Fig. 3. Oscillographic record of current (a) in and 
voltage (b) across a section of neon tubing with 
current limited by resistance 


Considering again the circuit which has wave form 
characteristics as indicated in Fig. 6, suppose the 
initial condition is open circint, when only the voltage 
e t exists ; then let a load suddenly be applied and, 
for simplicity, assume that no oscillatory phenomena 
are involved. The £enfiinal voltage must change 
from ihe open circuit whve form to the load* voltage 
wave form which requires riot only a change in 
magnitude, but also a change in phase relation. 
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Fig. 4. Circuit diagram of a high reactance trans¬ 
former with leakage reactance concentrated in a series 
, ~ inductance (L) 



Fig. 5. "Vector (left) and wave form (right) diagrams 
showing the relation of voltages for a high reactance 
transformer supplying a resistance load 


gram one may come to the conclusion that the osci£* 
latory period is similar to a damped oscillation which 
finally terminates in a stable condition. 

When the length of tubing is increased the position 
of e t in Fig. 8 and the ionizing potential shift to a 
higher value. It is possible to add such a length of 
tubing that at no time during the hglf-cycle will the 
current satisfy eqs 1 and 4, and the result is a» con- 



Fig. 6. Voltage wave forms for,.a high reactance 
transformer supplying a load requiring a peaked 

current wave 


Likewise, when the load is removed suddenly the 
voltage must transfer from the load voltage condi¬ 
tion to that of open circuit voltage wave form. The 
terminal voltage will follow some form as generally 
indicated in Fig. 7. By rfurther reference to Fig. 3 
it is evident‘that, since the current is zero for an 
appreciable time during each half-cycle, the load is 
equivalent to one which is applied.and removed at 
the beginning and end of every half-cycle. 

Now, the "general wave form of voltage across the 
terminals of a neon tube may be derived-. If it be 
Assumed that the neon tube load is applied to the 
transformer at the instant when e, crosses the zero 
axis the voltage will rise along the open circuit wave 
'•until ionization ^occurs. After this value of voltage 
is reached the' flow; of current causes the voltage to 
drop rapidly to the load voltage wave form. This 
rapid decrease in voltage causes the current through 
~tha nejon gas to increase to a greater amount ; but an 
instant later the voltage whl rise along the load 
voltage Wave form, which rise must be accompanied 
by a decrease in current through the neon gas. This 
process is contrary to the normal tendencies of the 
xurrent, which attempts to maintain a sinusoidal 
wave form. From the standpoint of eqs 1 and 4, the 
current flow during the initial portion of each half¬ 
cycle will not satisfy both these equations because of 
this unstable phenomenon which causes the voltage 
and current to continue to oscillate until finally a 
stable state is maintained. This general process is 
shown in Tig. 8. At the end of each half-cycle the 
load is removed and hence the voltage returns to 
the open circuit position which by this time already 
has crossed the axis and may be of sufficient magni¬ 
tude in the opposite direction «to cause instant re- 
ionization of the gas for the next half-cycle. In 
Fig. 9 is shown a cathode ray oscillogram of the 
unstable portion of a half-cycle. From this oscillo- 
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Fig. 7. Voltage wave form for a high reactance 
transformer supplying an intermittent load requiring 
a peaked current wave 


tinued oscillation throughout the entire half-cycle. 
This unstable phenomenon is accompanied by the 
appearance of a series of dark spaces (referred to as 
“beads”) iif the illumination emitted by the neon gds. 
By still further increasing the length of tubing the 
ionization potential may be increased to a 'value 
corresponding to the maximum value of the open 
circuit voltage wave. Occasionally this open circuit 
voltage may be insufficient to produce ionization, and 
for an entire half-cycle or longer no illumination will 
be produced. Such a condition is the cause of flicker, 
jburing this period the voltage simply follows the 
open circuit wave form until ionization is produced 
" again, which may or may not be on the next succeed¬ 
ing half-cycle. In Fig. 10 is shown an°oscillogram, 
made with a mechanical oscillograph, that represents 
tlfe wave form of voltage showing 3 conditions: 
flicker, beads, and Stable operation. A°wa>ye repre¬ 
senting what the opencircuit voltage would be-if 
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'there were no tubing connected to the transformer 
also is shown on the oscillogram. Too great a length 
of tubing places a severe strain on the transformer, 
especially i? beads occur, because the high frequency 
oscillations are prolonged for an* entire half-cycle and 
the peaks of these oscillations are near the peak of 
the open circuitwoltage wave form. 

Occasionally it happens that one user of a neon 
sign obtains better performance than another having 
the same type of transformer and the §ame kind and 
length of tubing. This difference in operation may¬ 
be explained by the fact that the amount of capaci¬ 
tance from the tubing to ground may be different in 
the* 2 installations. When a capacitor is placed 
across the terminals of a Ijigh reactance transformer 
the voltage is raised above the open circuit value. If 
the capacity is small, however, the amount of boost 



Frg. 8. Wave form of the load voltage across a neon 

tube »,* 
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Fig. 9. A cathode ray oscillogram *of a portion of 
one half-cycle of a neon tube voltage wav£ showing 
how the unstable portion is attenuated 


•i 

in voltage is small on open Circuit, but with & neon 
tube load this capacitance is effective. The, reason 
for this is that the rapid change in.voltage at the,end 
of each half-cycle, as shown in Fig? 8* is equivalent to , 
a very high frequency under the influence of which 5 
;the capacitor becomes effective in boosting this peak * 
above the open circuit value. This is especially true? 
,fof» long lengths of tubing for which the ionization 
potential is near the peak of the open circuit voltage. 
By purposely adding capacity to the circuit', a greater 
length of tubing can be operated from a given trans¬ 
former, but this is because tlie voltage rises above 
the open circuit voltage at the beginning of each 
half-cycle and therefore is undesirable from a stand¬ 
point of transformer life. To obtain "successful 
operation from the transformer as well as from the 
neon tubing it is essential to operate the transformer 
with a length of tubing considerably shorter than 
that which will produce flicker or beads. 

Some of the' most important factors affecting the 
operation of a neon lighting system arise from the 
characteristics of the tubing itself. Such factors a£ 
gas pressure; impurities in the gas; sife, shape, and 
number of electrodes; diamefer of tubing; and kinds 
of gases used to produce various colors ha^e some 
influence upon the ionizing potential of a given length 
of tubing and upon the shape of its volt-ampere 
characteristic curve. One may realize that a change 
in the shape of the curve of Fig. 1 will influence eq 1; 
hence the duration of the unstable period of each 
half-cycle, and the magnitude and frequency of the 
oscillations during this period, will be different for 
each different type of tubing. A transformer of some 
specific rating may operate 70 ft of one type of tubing, 
whereas the same transformer might be under a more 
severe strain if loaded with only 40 ft of some different 
type of tubing, because of the possible occurrence of 
high frequency oscillations and of peakif higher than 
the open circuit voltage. 

In the foregoing discussion many factors have not 
been considered; such as change In ionization poten¬ 
tial with temperature of electrode* qhange in volf- 
ampere characteristics with temperature, deioniza¬ 
tion time of neon gas and others. No doubt many 
of these items should be taken into consideration in 
order to offer a complete explanation of the wave 
forms of voltage and current observed. However, 
Idle important point to bear in mind is that a study 
of the voltage and current wave forms of neon tubing 
presents a much dearer picture of the physical opera¬ 
tion of this system of illumination than otherwise 
would be possible. * 



Fig. 40. Oscillogram of voltage 
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across a neon "tubing showing (1) a 
stability throughout one entire I 


>le half-cycle, (8) a flicker 
cycle 9 


period, (3) in- 
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Experience With 

Supervisory Control 

* 

The Peading-Philadelphia suburban elec¬ 
trification has afforded a thorough trial of 
supervisory contfol equipment in actual 
operation. The experiences which have 
been. secujed with this equipment r and 
which demonstrate its numerous advantages 
are described in this article. 

c 

r 

By 

J. E. PASTORET Reading Company, 

„ r ASSOCIATE A.I.E.E. Philadelphia, Pa. 


Table I—Summary of Supervisory Control Equipment 



Number of 

Dist. from Disp. 

Station 

Points 

Office (Miles) 

System A—Wayne Junction to Reading Terminal— 

Westinghouse "Visicode” 

Race Street.. 

.. 24. 


♦Reading Terminal.... 

. 6. 

..j, . fi.o 

f Brown Street. 

. 7. 

■f. . 4.4 

* 10th Street Junction. 

. 10. 

.. 1.9 r 

“WS” Tower. 


. 

System C—Wayne Junction to Lansdale and Hat-boro- 

-Westinghouse “Visicode” 

Newton Junction.... 



Tabor Junction. 


. 1.6 

r Elkins Park. 

. 7. 


“DB” Tower. 

4. 


Glenside. 

. 5. 


Roslyn..... 

... 4. 


♦Hatboro. 



Oreland. 

. 6. 


♦Ambler... 

.'.... 20..... 


Gwynedd Valley. 



♦Lansdale.. 

.21. 


System D—Wayne Junction to West Trenton—Westinghouse "Visicode” 

♦Jenkintown. 

. 32...;. 

. 5.8 

Roelofs. 

. 7. 

.23.1 

♦Yardley.. 

.24. 


:-p 

System E—Wayne Junction to Neshaminy Falls—General Electric “Synchronous 


Selector” 


♦Bethayres. 

.20. 

9.7 • 

♦Neshaminy Falls. 

..34. 



• A 

# m ^LL substations and switching sta¬ 
tions for the Reading-Philadelphia suburban electrifi¬ 
cation are non-attended and operated by supervisory 
control. This, type of control was selected on the 
' basis of flexibility, speed with which the system can 
be cleared at the time of fault, freedom from error, 
concentration bf operation at one point, elimination 
of« divided responsibility, and economy. Two men 
maintain the equipment which is installed in 21 
stations. Th^re* has been no trouble experienced 
from induction,* no faulty operations have been per¬ 
formed, no faulty indications have been given and 
not a single train delay has been caused by failure of 
the supervisory control equipment. Each benefit 
attributed to the equipment has been fully realized 
in operation, proving the adequacy of supervisory 
control for operating an electrified railway. 

The power dispatcher’s office is located at Wayne 
Junction, 5 miles from Reading Terminal, Philadel¬ 
phia, ]£a., as this is the junction of several branch 
lines and the location of the railroad’s main substa¬ 
tion. Here also, is the Philadelphia Electric Com¬ 
pany’s frequency-changer station which supplies the' 1 ' 
25-cycle power for the electrification. Train dis^ 
patchers are located at Reading Terminal and a 
special telephone line connects the train dispatcher’s 
office with the power dispatcher’s office. „ 

From his office at Wayne Junction the power 
dispatcher operates the entire system with super¬ 
visory control; he controls 8 main substations and 
13 switching stations, including;control and super¬ 
vision of 255 points over 4 supervisory control sys¬ 
tems, utilizing 4 sets of line wires. Table I indi¬ 
cates the various systems and summarizes the num¬ 
ber of stations and control pQints on each.set of line 
wires, one set of line wires b§ing required for each 

Full text of “Operating Experience With Supervisory Control on the Readings 
Philadelphia Suburban Electrification" (No. 32M14) presented at the A.I.E.E. 
summer convention, Cleveland, Oh$o, June 20-24, 1932. . , 


♦♦System B—Wayne Junction to Chestnut Hill—Westinghouse "Visicode” 


Wister.... 

t Sedgwick. 

♦Chestnut Hill. 

4....... 

5. 

16. 

*» 1 

. .1.0 

.. 3.6 

. 5.7 

» 

^♦System F—'Wayne Junction to Norristown 



Manayunk. 

3. 


Conshohocken. 

3. 

.11.0 

Ivy Rock... 

2. 


♦Norristown... 

21. 



Total—Present 255 
p Total—Future 309 

* Transformer substation. 

♦♦ Equipment under construction. 


system. It is of particular interest to note that on 
the Wayne Junetion-Lansdale system there are 11 
stations, all operated over the same set of line wires. 

The supervisory control systems provide the dis¬ 
patcher with the following operating features: 

* 

1. Control and indication on all circuit breakers and motor- 
operated trolley sectionalizing switches. 

2. When an automatic operation occurs, an alarm bell is sounded, 
proper indication of the position of the unit is given, and a dis¬ 
agreement lamp Indicates which unit has operated. 

3. An alarm is sounded and an indication is given if any substation 
battery voltage reaches a predetermined low value; indication is 
also given when the battery voltage returns to normal. 

4. An alarm is pounded and an indication is given if the temperature 
of any power transformer on the system reaches a predetermined 
high value; indication is also given when the temperature‘returns 
to a safe operating value. ....... 

5. All substation bus differential lockout relays.are electrically 
reset by e supeTVisory control. 

Operating Experience 

■ ■ f> 

Jn the first 6 months of operation there have been 
several cases of low battery voltage indicated; in 
Sach case a maintenance man was sent to the station 
to make repairs and no serious trouble ^developed. 

During the same period there was one bus dif¬ 
ferential relay operation which appeared to have 
been faulty. This occurred - during the morning 
rush’hour. The power dispatcher reset tke-lockout 
relays and redosed the breakers, all of *whidi re- 
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iV, U11 ?i c '? sed ', , No tra ™ delays were involved. On Installation, Testtno, and Maintenance 
, °, ther ha ? d ’ had it been necessary to send a man 

1 * t * lc station, serious train delays would have Installation and testing of the supervisory con- 
ca ;V lse ^ at a most strategic hour. trol equipment offered no, serious. problems, ’"the 

1 lie line wires are carried in rt a jute armored com- entire installation being carried out°by the Reading ** 
•lumcation cable installed along the railroad right- .Company’s electrification forces. There were a few'* 
t ~way, which used jointly for railroad telephone minor difficulties encountered during the testing 
iul telegraph circuits and supervisory control? To period, such as trohble from blqym, fuses and neces- 
'uard against line wire trouble a completely con- " sity for readjusting relays which were altered during 
lifted spare set of line wires has been provided for shipment. Tests consisting of load and- short-cir- 
aeh system and tile power dispatcher can transfer cuit induction were conducted to determine the 
rom one set to the other by merely pressing a button efficacy of the drainage equipment. Load induction 
•r throwing a switch on ’the control desk. There was simulated by tying the trolley to the rail at the 
uive been no cable failures; however,..several cases end of the line. The voltage then was raised until 
>f .open line wires’have occurred duetto poor con- the desired current was circulating. * Current up to 
lections to terminals but there has been no time 1,500 amperes was stub fed over 14 miles of trolley 
luring which trouble wa§ experienced on both sets rail circuit, and no difficulties in the operation of the 
if line wires simultaneously. . supervisory control equipment were experienced. . 

A thorough study was made to determine the Further, no trouble occurred when full-voltage short 
• fleet of induction upon the operation of the super- circuits were applied at the end. of the line fed in the 
•isory control equipment, also of methods of drain- same manner. Following the induction test, powet 
ug the induced current. On the 2-wire “visicode” system tests were conducted throughout the entire. 

__ 7 , , * . . . . . . . , -r- A_!i..__1_ _ _i-UI* A._4. 


ty.stems % the dfainage consists of a resistance con- 
iccted between cath line wire and ground and on the 
f-wire “synchronous selector” system a resonant 
Iraiu is employed, consisting of a condenser in series 
rvlth a reactor connected between each line wire and 


electrification territory and whenever ^possible test 
setups were made by the power dispatcher with 
supervisory control -and all indication of ^ circuit 
breaker operations given by the supervisory^control 
were checked. Any difficulties arising were im- 


>Touud. In both syst ems , vacu um type protector mediately analyzed and corrected. The thorough- 
„ttbes which are self-recovering when ihe high volt- ness of the tests applied prior to the starting of reve- 
tge is reduced, protect the line wires from voltage nue service undoubtedly has helped to effect the 
ji excess of 300 volts caused by a cross with a high creditable operation of the equipment, 
voltage circuit, from lightning or frpm an exceedingly At an early date it was„ realized that the Inamte- 
severo short circuit. Fuses and carbon type pro- nance of the^supervisory control.equipmentttouldre- 
tiictor blocks used on the railroad telephone and 
telegraph lines are not used on the supervisory con¬ 
trol line WireSuin order to eliminate the possibility of 

- - A 4 /N i * “ _ ._• _ 
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quire a skilled man capable of tracing the circuits 
and adjusting telephone type relays. The railway 
company employed a man and gave him every op- 


r>pen circuits and grounds. Operating experience portumty to become thoroughly faffimar with lhe 
has indicated that the drainage employed is adequate equipment. He remained at the factory during its 

A . A m 4 r * 1 . . _ _ _ J LAAA < A+l r 


and that there have been no failures caused by in¬ 
duction. 
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construction and inspection, following closely the 
installation and finally the testing. Since the entile 

system operation is <ie- 
pendent^upon the opera? 
tion of the supervisory 
controlequipment, proper 
provision for the mainte¬ 
nance of this equipment 
warranted special Consid¬ 
eration. Just after the 
starting of revenue ser¬ 
vice, asecondmanfamiliar 
with telephone type re* 
lays, was employed as a 
helper, since it was felt 
that one man should, be 
available at all times in 
case of emergency. * # 

The routine mainte¬ 
nance of the supervisory 
control equipment re¬ 
quires 50. per cent of the • 

Fig. 1. The Reading-Phila- 
delphia suburban 'electrifica¬ 
tion, to which supervisory 
control has been applied 
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time of 2 men, tlie remainder of their time being spent 
on general substation maintenance. The following 
supervisory inspection schedule is in effect: 

1. Two-week Inspection: 

• Check of batteries 

Check of charging equipment and charging rate 
General inspection of relays 
•2. Three-month Inspection: 

Detailed inspection of all equipment' 

Clean relay contacts * + 

Adjust relay contacts 

Check? ail moving parts 

Calibrate voltage-indication relays 
* « 

Once each week tlie power dispatcher operates 
every device including the opening and reclosing of 
each circuit breaker and motor-operated trolley 
sectionali£ing-switch on the system. This procedure 
not only checks the supervisory control equipment 
but also checks the closing and tripping circuits to¬ 
gether with the mechanisms of all devices. Close 
contact is maintained between the operating force 
and the engineering department. The power dis¬ 
patcher’s daily reports include supervisory control 
'failures, together with their cause if known. In 
addition, a monthly report of supervisory control 
failures covering the details of each failure is com¬ 
piled by the operating department. This report is 
analyzed, failures are classified, and a curve of 
monthly failures is plotted. 

' Results 

The fifst 6’months of operation represents 126 
station-months; 35,000 operations were performed 
and 35 failures occurred, or 1 failure per 1,000 opera¬ 
tions. Of the 35 failures, 11 were due to interposing 
relays* 6 were caused by blown fuses, and 18 by fail¬ 
ure of supervisory control twist keys and relays. 

In many-"’cases the constant visual indication 
given by the system diagram on the control board 
has provided the power dispatcher with the neces¬ 
sary information enabling him to think logically, 
clearly, and rapidly at the time of trouble. This 
resulted in the Restoration of power in a minimum 
amount of time, thus reducing the time of train de¬ 
lays. The advantage of eliminating divided re¬ 
sponsibility and possibility of error in communicat¬ 
ing ^orders is borne out in the fact that not a single 
faulty ^switching operation has been performed. No 
operations not initiated by the power dispatcher 
were performed by the equipment. „ 

Although its performance has been good, it must 
be recognized that supervisory control has not 
reached a final stage of perfection- „The equipment 
can be improved by further elimina ting the possi¬ 
bility of failures. Systems where line wires loo£ 
through stations are undesirable when several sta¬ 
tions are operated over the same set of line wires, 
since a fault in one station renders all stations in¬ 
operative. * With the present system in which sta¬ 
tions are operated in parallel across line wires, cer¬ 
tain troubles tie up the entire system. However, by 
disconnecting the faulty station the remainder of the 
system can be operated. It may be possible that 
a scheme for automatically disconnecting the faulty 
station can be developed. High speed, together with 

a minimum number of line wires, is desirable " 

• ^ ' ••• •... ; ; -V-r •• 
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Oxid Coatings 
on Aluminum 


w 

Although possessing great affinity for oxy- 
gen, aluminum has the uirfqpe property of 
being able to protect itself from corrosion 
’ by forming on its surface a hard, thin, and 
almost invisible oxid'coating. Character¬ 
istics of this film and some of its many uses 
are described in this article. 


By 

J. D. EDWARDS 
H. K. WORK 


MARTIN TOSTERUD 

All o^th#Alumlnum Company of 
America, New IJpnslngton, Pa. 
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NTEREST in oxid coatings on 
alu mi n u m began with the discovery of the metal 
about 100 years ago, as the chemical attraction of 
aluminum for oxygen is one of the most important 
characteristics of the metal. At various times in 
the history of aluminum, attention has been focused 
upon the oxid film, from the scientific standpoint 
or from the commercial standpoint. To the scientist 
•the Electrical characteristics of the oxid -film have 
been of great theoretical interest and for many years 
have been the ^subject of experimental study and 
Speculation. Important commercial uses of the 
film in various electrical devices has followed the 
scientific studies. 

Alum i num owes its stability and resistance to 
corrosion to the invisible oxid film always present. 
Whenever exposed to air containing moisture, the 
pietal immediately becomes coated with a film of 
oxid; this film ordinarily is invisible and not more 
than a relatively few wavelengths of light in thick¬ 
ness. In general the film, is quite impermeable, so 
that pure aluminum will stand exposure to water 
with little Corrosive action. The presence of thih 
oxid film i§ quite apparent when one attempts to 
amalgamate alununum. Al uminum and mercury 
combine readily, but when covered by ah oxid film 
the ntercury will not wet' the aluminum and hence 
will not combine with it. Even if the al uminum i^ 
freshly abraded, as* by filing or scratching, and then 
plunged into mercury, no action takes place because 
the oxid film reforms instantly. If, however, the 
oxid film is removed by abrasion while immersed in 
the mercury and out of contact with air, amalgama- 


A* * 


A highly important characteristic of this oxid 
fihfi is its impermeability. Oxid formed from 

„ — - - ': ' ’ / ' — C —’• ; • ' 

Pull text of a paper “Qxid Coatings on Alundnuin” (No. 32-78) predated at the 
A.I.E.K. shmmer convention, Cleveland,*Qhio', June 20-24, 1932. •• « 
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'aluminum occupies a greater volume than the 
aluminum from which it is formed; apparently this 
results in a compact and non-porous film with great 
protective properties. Even on continued heating 
at high temperatures, the film shows relatively little 
increase in thickness. Although impermeable to 
gases, the oxid>$dm as naturally formed has a negli¬ 
gible* electrical insulating effect and offers little 
resistance to the passage of current, even a-t very 
low,voltages. Thi^ is fortunate, and permits the 
manufacture, for example, of variable air condensers 
with aluminum plates held in their mountings by 
mech anical pressure, with’no increase in resistance 
ove? similar condensers of other metals’in which the 
plates are soldered’to the supporting pillars. 

The asymmetric character of the film “artificially” 
produced, when aluminum is made the anode in 
various electrolytes, has been of great scientific 
commercial interest. Since the rise of the radio 
industry, extensive use of film-coated alu minum 
has been mafle in the electrolytic rectifier and, more 
recently, in* the electrolytic condenser. High 
capacity»in small yolume and at low cost has proved 
a great stimulus to the development of the electro¬ 
lytic condenser. Originally marketed in the form 
of a cell containing electrodes immersed in a sub¬ 
stantial volume’of electrolyte, the trend for small 
condensers, at last, is now largely toward the so- 
called “dry” form, in which a limited volume of 
electrolyte is held absorbed in a paste kept in 
contact with the electrodes. In all of these devices, 
however, the oxid film—at least the active part¬ 
is quite thin. 

* 

Thicker Coatings Now Being Used , 

• n 

Extensive use of oxid coatings having thicknesses 
comparable with those of paint films is a relatively* 
recent development. If alu min u m \s made the 
anode in boric acid, the potential drop at the anode 
may be increased to a value of about 400 to 600 volts 
with very little current passing; the film, once 
formed, is thin and shows little tendency to decrease 
or increase in thickness. If, however, an electrolyte 

* of diff erent chemical characteristics chosen, as? 
for example, a dilute solution of sulphuric acid or 

* oxalic acid, a different behavior is noted. Within 
limits, the oxid film may be built up to a substantial 
thickness, since the potential ma^r nofe rise above 
from 10 to 60 volts, and current continues to pass 
until thick films have been formed, say, T).001 in. or 
over. Films formed in this latter way, when re¬ 
moved from the electrolyte and dried, havh desirable 
mechanical, chemical, and electrical properties. 
The film in respect to hardne^ partakes of the 
characteristics of corundum, which is *a hard, 
crystalline oxid, AI 2 O 3 . Because of this hardness, 
it possesses wear and abrasion-resistant qualities 
that can be made use of commercially. 

Dielectrie strength of these dry films can be made 
sufficiently high so that the films can be used for 
electrical insulation on wire, sheet, and foil, to* be 
used as conductors and in condensers, respectively. 
Ip a chemical way, the films can be made Wilji or 
i withoul high adsorptive* properties, so that they 
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can be colored by absorption of dyes or mineral 
pigments; this opens’up a new and extensive* field 
for obtaining decorative effects. , These thick oxid 
films on al uminu m can be’obtained not only by # 
electrolytic treatment, but also by direct chemical 
’action of various solutions on aluminum. Properties 
of these thick films are discussed in succeeding* 
’paragraphs. *• * _ • 

In the formation of oxid coatings on # aluminum 
by electrolysis oxid is formed at the interface between 
the aluminum and any oxid coat already existing. 

It might be thought, therefore, that the oxid coat 
could be increased to any thickness as long as the 
coating remains sufficiently permeable to permit the 
passage of current. Another limitirig factor, how¬ 
ever, is the solvent action of the electrolyte upon the 
film. Most electrolytes that are useful for producing 
thick coatings have an appreciable solvent capacity 
for aluminum oxid, usually increasing with rise in 
temperature; thus the anodic coating process be¬ 
comes a race between the oxidizing action of the 
current and the solvent action of the electrolyte.*' 

The oxid coating also may have its characteristics 
changed by specific chemic&l reactions with the 
electrolyte. ’ * 

An interesting experiment with an electrolyte of 
low solvent action gave a series of 8 coatings which 
by direct measurement of microscopic sections were 4 
found to have an average thickness of 0.00038 in. 
Direct measurement showed also that .the aluminum ^ • 
sheet used in the experiment had increased in 
thickness by 0.0002 in. as a result of oxidation on 
both sides, so that the increase in’thickness at¬ 
tributable to a single oxid film is 0.0001 in. The 
aluminum, therefore,.in forming the oxid increased 
in volume by about 35 per cent. Thisjs a difficult 
measurement to make with precision; the values 
obtained ranging from about 15 to 60 per cent. 
When, however, electrolysis was carried out with,h 
solution in which aluminum oxid was highly soluble, 
the sheet frequently showed a* total decrease* in 
thickness many times the thickness ^of the oxid coat* # 
ing, even though the coating itself was of substantial 
thickness. 

Coatings described in the previous paragraph. : 
were subjected to X-ray examination by the powder 
method and were found to be amorphous—at least 
no evidence of crystallinity was observed. Water in. 
fhe coating there probably is held by adsorption, 
sSid not as one of the crystalline hydrates of 
aluminum. However, by a special after-treatment 
the oxid can be convened, at least in part, into 
crystalline aluminum mono-hydrate; this change 
is accomplished by a marked decrease in the* per¬ 
meability of the film and an increase in its dielectric • 
and protective properties. • • 

Oxid . Film an Insulator 

From the standpoint of the electrical engineer, # 
the possibility of using gn oxid coat as insulation on 
aluminum conductors, is a matter of considerable . * 
interest. The idea, of coiirse, is quite old and has 
been applied commercially to some extent, particu¬ 
larly abroad. The present swivanced technique and 




knowledge of oxid coatings now available has created 
a new .interest in these coatings. In certain types 
of electrical machinery, the use of aluminum conduc¬ 
tors would be advantageous from the standpoint of 
weight reduction!. Another advantage of the oxid- 
coat insulation is that it is non-combustible and' 
•will withstand fairly high temperatures without 
deterioration. The*e is even a possibility of its nse r 
as a dielectric in dry condensers. 

Breakdown voltage of oxid films is roughly pro¬ 
portional to the thickness of the film. The break¬ 
down characteristics, however, are dependent also 
upon the specific physical and chemical character¬ 
istics of the film. In Fig. 1 is shown a series of 
observatidhs on the breakdown voltage of oxid films 
on co mm ercially pure aluminum, plotted as a func¬ 
tion of the thickness of the oxid film. This particu¬ 
lar film was made by anodic coatihg of aluminum 
in a*15 per cent Solution of sulfuric acid at a tempera¬ 
ture of 75 deg. falir. To produce an -oxid film 1 mil 
{hick required, a period of about 1 hr, under prevail¬ 
ing operating conditions. By special after-treat¬ 
ment! without introducing any organic material 
into the film such as that referred to in a previous 
paragraph, the breakdown voltage of the film may be 
increased as much as 50 per cent or more. The oxid 
coa ting s also can be produced in absorbent form, 
and in this condition can be impregnated with oils, 

' waxes, or enamels; such treatment imparts to the 
coatings a substantial increase in insulating value. 

Oxid Cqating Harder Than Base Metal 

"That the oxid coat is much harder than the base 
metal 4s at once obvious if an attempt is made to 
scratch the §prface. Some quantitative data have 
been obtained *by subjecting films of various thick¬ 
nesses to an 'abrasion test consisting of abrading the 
surface with an aloxite wheel under light pressure. 
The abrasion, resistance is measured in terms of the 
number of revolutions which the specimen makes 
ag ains t the abrasive wheel. These data are given 
in the Table I." 

According to Table I, the abrasion resistance of 
an oxid coating increases rapidly as the thickness 
of the^film increases beyond about 0.3 to 0.4 mil. 
For comparison. with these figures, reference may 
be made to the abrasion resistance of enamel and 
varnish coats such as applied in finishing metal" 
furniture and office equipment. A typical finish of 



commercially pure aluminum 


• • 
Table I—Abrasion Resistance of Aluminum Oxid Coatings* 


Thickness of Coating, 

Inches 

Abrasion Resistance, 
Revolutions Against 

Aloxite Wneel 

0.00011. 

0.00019...*.. 

0.00031. 

• 0.00037. 

0.00074. 

0.00148. 

. 15 

. ,j 95 

. Mr 268 

.2,563 

.7,061 • 

• * 

• 

• • 


this t type, consisting of primer, 2 ground coats, 
graining coat, and 3 coats 6f finishing varnish, having 
a total thickness of. 3 mils, showed an abrasion 
resistance of 306 revolutions; a 'somewhat different 
finish of the same thickness showed an abrasion 
resistance of 1,095 revolutions. For equivalent 
thicknesses, therefore, the oxid coat is substantially 
harder than the baked enamel just mentioned. 

Oxid film s not over 0.1 to 0.3 mil thick on thin 
sheet can be formed readily into bottle caps and 
similar articles. These films of course crack* on 
bending, but the cracks are so ^ minute a? to be 
generally undetectable except under the micro¬ 
scope; adhesion of the film to the metal is so firm * 
that no flaking occurs even when these cracks are 
present. * These minute cracks appe'ar to have very 
little, if any,.effect on the insulating value of the 
coating. In 'addition, tests made so far indicate 
that the oxid coat does not affect unfavorably the 
fatigue strength of the base metal. 

As has been mentioned already, oxid coatings 
may be applied to aluminum by chemical dip 
methods without the use of electric current. .Such 
poatin^s, while unusually relatively thin, neverthe¬ 
less Have*been used commercially,•both in the 
United States and abroad, for their insulating value, 
because of theft characteristics, such coatings are 
of use only when subjected to low voltages; there¬ 
fore their greatest use is in motor field coils and 
similar applications where the voltage drop between 
the conductors is low. . 

Certain types of oxid coatings are decidedly ab¬ 
sorbent and can be colored readily with dyes and 
mineral pigments. These methods of coloring the 
oxid coating^ present interesting possibilities in the 
electrical industry. Wires may be colored, for' 
example,, to indicate polarity of direct current; 
where several wires are in a single conduit, the colors 
may be used to # identify the various circuits* For 
rapid heat dissipation, busbars and other conductors 
may be colored black. The bottoms of aluminuni 
utensils four use on electric stoves may be colored 
black for better heat absorption. Commercializa¬ 
tion of plain and colored “alumilite” finishes in the 
electrical* industry* already is under way; oxid- 
coated and colored nameplates are finding increasing 
use; a tremendous number of aluminum flashlight 
cases in attractive colors has been manufactured. 
Furthermore, practically the entire electric re¬ 
frigerator industry has turned to the use of aluminum 
refrigerator trays and grids with plain anodic coating. 
It is quite evident that these finishes will be of in- 
Creasirfg value to the electrical industry • in the 
future. - . V'.-*' • - . * 
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A Bridge Method 
of Testing Welds 


A new non-destructive method of testing 
. welds by an, electrical means has. been 
developed which can be applied to welds 
made in the field as well as to those made 
» in the shop. # A reliability of 8 out of"9 
welds tested, or 89 <per cent, already has 
been obtained and gives good promise for 
the future. The method may be applied 
also to the finding of flaws in other homo¬ 
geneous objects of magnetic materials. 


J. R. BATCHELLER 

ENROLLED STUDENT A.I.E.E. 


Portland, Qre. 


^PlNCE the advent of welding there 
has been an ever-growing demand for a simple and 
satisfactory non-destructive test for completed welds. 
Several schemes have been devised and used success- 
fully.in the experimental laboratory and in the shop. 
Among these are (1) the stethoscope method,^?) the 
X-ray method, and (3) various electrical ana mag¬ 
netic methods. * 

Of these systems the X-ray method and one of the 
electrical methods have been successfully used in the 
routine production testing of welded toilers at the 
Babcock and Wilcox boiler works. Both of these 
systems, however, # are chiefly limited to shop use, 
and are not readily adapted to the conditions of field 
work. 

It has been suggested that a satisfactory non 34 
destructive testing device should possess the follow¬ 
ing 3 characteristics: first, the device must be port¬ 
able; second, it must give instrumental indication of 
flaws; and third, it must give instrumental indication 
of th& relative strength of the weld as compared with 
title stock from which it was made. Thus the ulti- 
tnate goal to be achieved was set, and constantly 
kept in mind as the work progressed. " After due 
consideration, it was believed that an a-c bridge 
With a visual balance indicator offered the greatest 
possibilities. * « 

• . ' ’ .. 9 

Theory of the Test 

It is w§ll known that the inductance and the 
effective resistance of a coil which has an iron core 

Essentially full text of “A Bridge Method of Testing Welds,” presented Before 
an A.I.E.E. joint meeting of the Portland Section and Oregon State College 
Student Borneo, at Corvallis, Ore., May 23, 1931. This paper* written while 
the author wa$ a senior in electrical engineering at Oregon State Collie, was 
£*rarde<ffhe Institute’s 1631 national’prize for Branch paper. 
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depend upon the magnetic* aircuit. Therefore if an 
air-gap is introduced into that magnetic circuit* then 
the inductance and effective resistance have new 
values. This is the basis upon** which the bridge 
method of testing welds operates’. •* 

The most satisfactory method of measuring the-' 
inductance and effective resistance of a coil is T>y 
some form of impedance bridge^ Ip the preliminary 
tests, an exploring device similar to that shown in 
Fig. 1 was constructed and connected to- an impe¬ 
dance bridge which was available. This particular 
bridge did not give good results. Investigation of 
the theory of its operation showed that for measuring 
inductance it was a comparison bridge and the least 
accurate of the general types of the impedance bridge. 
In the comparison bridge the calibrated standard is 
the same as the unknown; that is, a standard in¬ 
ductance is used for measuring an unknown induc¬ 
tance and a standard condenser for measuring an 
unknown condenser. This type of bridge is difficult 
to balance with very great accuracy. The resonandb 
bridge gives a much more sharply defined balance 
point and is therefore much more Accurate. „ It 
makes use of a standard condenser to measure an 
unknown inductance’' and a" standard inductance to 
measure an unknown condenser. A series resonance 
bridge therefore was constructed for making the 
measurements of the change in the inductance and 
the effective resistance of the exploring device. 

Description of Apparatus " 

The complete equipment which finally °was de¬ 
veloped is shown in Fig. 3, the schematic diagram 
being shown in Fig. 4. The equipment consists of 
4 major parts: 

1. The oscillator which supplies the alternating current for the 
operation of the bridge. 

2. The bridge by which the measurements are made. ? 

3. The exploring device for examining the weld. „ 

4. The balance indicator which shows tho condition of the weld. 

The oscillator consists of a single, tube with in¬ 
ductive coupling between the plate and grid, .and 
with a transformer in the plate circuit for obtaining 
the output. The variable condenser shown com 
nected across the grid coil controls the frequency. 
The low pass filter section was used to eliminate the 
.harmonics from the oscillator output. 

In the impedance bridge Ri and R% are the ratio 
arms of exactly equal non-inductive resistors. The 
variable resistance Rz balances the effective resistance 




Fig. 1. (Left) Exploring device across a weld 
Fig. 2. (Right) Balance indicator used in laboratory 
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Fig. 3. Complete laboratory equipment used in test 


of the exploring device. The condenser C balances 
out the inductance of the exploring device. It 
consists of several fixed condensers in parallel with 
the standard variable air condenser. 

The exploring device consists of 2 coils each of 
many turns of fine wire wound on the 2 legs of a 27- 
shaped magnetic circuit, the magnetic circuit being 
^closed by the weld under test as shown in Fig. 1. 

The balanpe indicator is the most complicated of 
the 4 parts which mal&e up the equipment. It is a 
very sensitive vacuum-tube voltmeter. This high 
sensitivity is obtained by means of the amplifier 
which, is composed of the 3 transformers and the first 
2 tubes shown in Fig. 3. The first of these is a 
27X240 with an amplification factor of 30; and the 
second, a 27X201-.4 with an amplification factor of 8. 
This amplifier has a voltage gain of approximately 
20,000 to 1. The detector tube is a UX2Q1-A with 
the milffammeter shown in Fig. 2 in the plate circuit 
apd shunted by a large condenser, and the plate 
battery to bypass any unrectified alternating current. 
The milliammeter was provided with a shunt 5 to 
increase its i&nge to 10 times full scale value during 
the preliminary balancing and when first energizing 
the tube filaments. Also a high variable resistance 
ifi series with a single dry cell was connected as shown 
in cFig. 4 so that i£ sent a current through the milli- 
gunmeter in the Reverse direction to that of the tube. 
By this means it was possible to make the voltmeter 
read zero when there was no voltage impressed across 
its terminals, and the steady plate current reading 
‘could be removed from the instrument. 

A vacuum-tube voltmeter was Used for 2 reasons: 
first, it required almost no power from the bridge 
"for its operation as would a thermocouple or ordinary 
voltmeter; and second, it was much more sensitive 
gtnd had a uniform scale. The minimum sensitivity 
was 1 l A mv. Each succeeding milliyolt up to about 
4, which was as high as the calibration was carried, 
caused an increase in the deflection of about 0.10 ma? 
At these low values the calibration curve was not 
always a straight line but followed the tube charac¬ 
teristic. * 

. 

* 

Method op Making the Tests 

Rated currefit was maintained in the tube fila¬ 
ments at all times by the aid of the filament ammeter 
shown in front of tie right hancl storage battery in 
Fig. 3. The oscillator filament ammeter does not 

show plainly but was very important in keeping the 

* 

9* 


output at a constant level. The reverse current, 
then was adjusted so" that with the voltmeter termi¬ 
nals open and the shunt removed the milliammeter 
had a reading of 0.10 which hereafter will he used arbi¬ 
trarily as 1.0, thus increasing each reading to a 
whole number for each 0.1 ma of current. 

The shunt switch then was closed again to protect 
the milliammeter, and the output pfme bridge was 
connected to the voltmeter by closing the switch 
shown just behind the first tube in Fig. 3. 'l r hen the 
exploring device was placed on * the stock near, the 
weld, but not across it, and the bridge brought into 
balance by adjusting the variable air condenser and 
the variable resistor shown B beside it. A balance was 
shown by a e minimum reading-of the voltmeter. 
When the reading was as near zero as possible the 
shunt was removed by opening the switch (the 
handle of which shows from behind the milliammeter) 
thus greatly increasing the sensitivity. The final 
balance then was obtained and the reading arbi¬ 
trarily made exactly 1.0 by means oj, the reverse 
current control resistor which is. shown beside the 
milliammeter in Fig. 3. -* r 

The exploring device then was slid along the plate 
to see that the balance was correct and that there „ 
V?as no very marked change in the indicator reading. 
The shunting switch was then closed and the explor¬ 
ing device placed over the weld as in Fig. 1. If the 
deflection indicated that the reading would not be off 
scale the shunting switch was opened and the explor¬ 
ing device moved along the weld, while the operator 
observed the indicator reading. 

If the weld was as good as the stock from which it 
was made, then the bridge balance would be un¬ 
disturbed and the reading was the same as it had 
'beenWer the stock, or 1.0; but if there was a blow 
hole o’r bufned place in the weld this would unbalance 
the bridge by changing the inductance and effective 
Resistance of the exploring device. This flaw was 
indicated by <an increase in the reading to 2.1 or some 
other value as the exploring device passed over the 
flaw. Also a note was made of the percentage of the 
width of the weld for which this high reading existed; 
this together with the lowest reading over the weld 
formed the basis for computing the efficiency of the 
weld* To take an actual example; the reading with 
the exploring device over the stock was 1.0, the 
mi nim um reading over the weld was 1.7, and the 
maximum reading was 2.0 for 60 per cent of the 

• c ' ‘ • 
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width of the weld. The efficiency was computed as 
the reading over the stock divided by the reading 
over the weld, or for the maximum efficiency 1.0 
divided by 4.7 or 59 per cent, and for the minimum 
efficiency 1.0 divided by 2.0 oi; 50 per cent. But 
this lower efficiency was present for 60 per cent of 
the weld; therefore the true efficiency was 60 per 
cent ®f the way from 59 per cent toward 50 pet Cent, 
or 54 pe^r cent for the weighted efficiency of the weld. 

Before making the .tests the' 1 loose scale and the 
splatter were removed by rubbing lightly with a 
piece of emery cloth. Tins was done because the^e 
small globules prevented -smoothly sliding the ex¬ 
ploring device along and gave false indications., when 

they touched the pole pieces. 

• * 

Results Obtained 

Through the months of January and February, 
1931, about 18 welds made by students were avail¬ 
able each week for testing. These were tested by 
the fridge method and their efficiencies calculated as 
explained. These welds then were tested in tension 
to obtain an actual breaking load for each one. 
-During nearly every week some one of the specimens 
failed in the stock instead of in the weld, and the load 
at which that failure occurred was used as the^ 
strength of the stock for that week in computing the* 
actual efficiencies. These actual efficiencies were 
computed by dividing the load at which the weld 
failed by the load at which the stock failed, because 
all of the welds were made from y*x 2 in. stock and 
except for slight irregularities in the.stock due to 
rolling, had the same area. 

The results of tests upon an early group of speci¬ 
mens frorfii which the scale was not removed are’ 
shown in Fig. 5. At that time there,weremo copper 
legs on the exploring device, heavy paper being laid^ 
on the stock to give a smooth surface. In the next* 
series of tests, the results of which acre shown in 
Fig. 6, the scale and globules were removed from the 
welds with emery cloth, but paper was still used on 
which to slide the exploring device. 

After the exploring device was equipped with 
copper legs as shown in Fig. 1, another group of, 
welds was tested and retested until results could be 
duplicated readily to within 1 or 2 per cent. These 
welds were then tested in tension; the results are 
sjiown in Fig. 7. 

• 

Discussion of Results * 

* • • . t . 

Even the first group of welds tested -showed a 
tendency for the efficiency calculated from the Bridge 
readings to follow the efficiencies found in the actual 
destructive tests. After the bridge testing technique 
was improved the results increased in reliability. 
For the group of Fig. 5 the reliability was 33 per cent ; 
for the group of Fig. 6 it increased to 57 per cent; s 
and for thq group tested after the copper legs had 
been added and the paper eliminated, Fig. 7 shows 
that the reliability jumped to 89 per cent, which is 
most gratifying. This shows rather conclusively 
that the basic theory is sound and that the-efrors 
Which’occurred were due to imperfect apparatus*and 
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not to theory; for as the quality of the apparatus 
increased, so did the reliability of the tests. • * 

In every change in the apparatus the 3 desirable 
characteristics were kept in mind and are fully met 
by the method. As to the first, portability, while the 
laboratory outfit used for the present series of tests 
is not exactly portable, nevertheless, there is no . 
reason why both the space required and the weight 
cannot be very greatly reduced. The matter of 
small size can be accomplished readily by->the proper 
choice of equipment. All of the parts except tjhe 
batteries and the exploring device could be assembled 
in a box about one-half the size of the standard 
condenser shown at the left in Fig. 3. The matter 
of battery weight also can be controlled by^using the 



* •» 


Figs. 5, 6, and 7. Results of early tests (left) before * 
scale was removed from specimen; results obtained 
(middle) after removing scale; and later tests (right) 
after copper legs were used on exploring device agd 
without paper laid on stock 

Efficiencies as obtained by the bridge method are shown as 
solid bars, and actual efficiencies from tension tests as the 

shaded bars , , 

very small sized light-weight batteries? Tha bridge 
method meets the second requirement; namely, 
that the indications be visual. It also meets the 
third requirement that the readings, show a direct 
comparison with the stock. * * v * 

The exploring device shown in Fig.. 1 was de¬ 
veloped for testing single V butt welds, but can be 
modified for use in testing other kinds of welds. 
One design for reaching into corners is" to bend the 
crossarm connecting the 2 pole pieces until the polq 
pieces form a right angle and one of ’them rides on 
each side of the angle’. Another is to still keep the 
27-shape but to make the ends of the pole piece 
hemispherical in shape, so that when they are placed* 
ih the angle they still make as good contact a& they 
did on the flat plate. An offset in the connecting 
crossarm which would allow one pole piece to operate* 
ait a lower level than the other would make it possible 
to test fillet welds when one piece of stock was 
placed on top of, the other to form a lap weld. 

Also it may be desirable to replace the long copper 
skid with 2 wheels and the short one with 1 wheel,.all 
of non-magnetic material. It would still be necessary 
to remove the splatter since, if rough spots come in 
contact with the pole piece the balance is disturbed*. 

The results obtaihed by this method, are most 
promising; the reliability was increased with each 
improvement until with a slightly more stable oscil¬ 
lator and a suitable,period for the tubes to become 
stable the results should be very satisfactory. This 
method does not involve the use of large currents and 
npn be made self-cointained and independent of 
outside power supply. 
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Carrier Application 
to a' Teleqraph Plant 
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Carrier communication has been found to 
p/ovide an economical means of convey¬ 
ing not only telephonic but also tele¬ 
graphic information. This article describes 
the transmission and equipment features of 
a 10-channel system recently developed for 
4-wire operation in a strictly telegraph 
plant, an4 includes performance character¬ 
istics showing capabilities of the system. 
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WSE OF CARRIER SYSTEMS lias 
been rapidly increasing for the last 10 or more years 
in the wire communication networks of this and 
foreign countries. To a large extent, this is due 
to the economies realized from the use of this means 
of conveying''telegraphic or telephonic informa¬ 
tion, especially over relatively long distances. A 
gradual increase in copper costs over the early part 
<5f this period no doubt was directly responsible 
for the increased-application of carrier systems in 
-the communication field. However, it is note¬ 
worthy that even at present low copper costs the 
use of carrier still maintains a liberal margin of 
economy* This is due mainly to the material ad¬ 
vancement in the carrier art which has been mani¬ 
fest ih circuit refinements, improved performance, 
. aud simplification of equipment design, as well as 

* improvement in the technique of coordination with 
the same or other types of communication facilities. 

* The majority of applications has been confined, 
primarily, to telephone plants or- co mmuni cation 
networks, employing largely metallic circuits. This 
is .natural to expect since the design and construc¬ 
tion of the wire and cable plant for telephone opera¬ 
tion possess the essential transmission requirements 
tor satisfactory carrier operation. A quite different 
and, in many respects, more''difficult problem is 
encountered in introducing carrier into a strictly 

• telegraph plant because in general the growth of 
present-day telegraph plants .has been restricted 
by the wide use of d-c telegraph cir cuits that could 

" Carrier 4- ppUcation t0 a Telegraph Plant” presented at the 
A.I.E.B. winter convention, New York, N. Y., January 26-29, 1932. Pamphlet 
copies not available. * 

* Formerly of the International Ckjpunnnications Laboratories, New York, N. Y. 


Fig. 1. Schematic diagram of 10-channel carrier 
* -telegraph* systeiA for 4-wire operation • 

Frequency indicated in hundreds of cycles per second* 

* 

be operated fairly successfully on a ground return 
basis.. Consequently, it has not been the general 
practise of the telegraph companies to construct * 
and maintain their open wire and cable circuits 
in a way that would provide balance^ metallic cir- * 
cuits suitable for carrier operation* Furthermore, 
the operating energy levels of the various circuits 
on the same lead are not restricted by the presence- 
©f other types of communication circuits occupying 
.a frequency transmission range other than that re¬ 
quired Tor d-c telegraph signals. In general, this 
outlines the* fundamental difference in the trans¬ 
mission problem involved in applying carrier to a 
telegraph plant. 

Other equally, important factors also enter into 
the problem, the foremost of which is the funda¬ 
mental-difference in the traffic requirements imposed 
on Jhe telegraph plant by the particular class of 

* communication business handled. ^Telegraph ser¬ 
vice by its vejy nature demands great flexibility; 

# but even greater flexibility is needed when carrier . 
is applied. Hence it has been found desirable to 
provide considerable flexibility in the design of the 
carrier equipment itself. 

General System Requirements 

# Technical development features arising from the 
specific problem of designing and developing a carrier 
telegraph system primarily for use in the extensive 
domestic telegraph plant, of the Postal Telegraph- * 
Cable Company are presented in this article. This 
includes tfe performance results obtained, and *a 
detailed description of the final standardized system- 

At the time this development was undertaken-, .a 
careful study first was made of all known types of 
earner telegraph systems and accepted practises pm - 
ployed in both the United States and in foreign 
countries. From •this study, together with a full 
apprecisftion of the problems peculiar to adaptin g 
carrier to a t^egraph plant, it was possible to set 
up basic requirements to be met by a carrier syst em 
•capable of delivering a satisfactory quality of signal 
and standard of service. As a result of *this investi¬ 
gation, the following general requirements arbi¬ 
trarily were set up as an ideal to be approached ; 

I* channel of the system should be capable* of handling a 

quality of signal commercially suitably for existing or.contemplated 
prater operation. •»* * 
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2. Transmission characteristics for all channels in any one particular 
gystem should be uniform, to permit unlimited interchangeability 
of telegraph printer facilities. 

3. Transmission stability of the system should not impose any 
additional limitations on the operating requirements for any par¬ 
ticular telegraph facilities used over the courier system. 

4. A unit equipment design should be employed which would 

embody sufficient flexibility to fulfil economically the demands of a 
diversified traffic growth. „ 

5. ' The system should coordinate to the fullest extent with the 
inside and outside plants for present oi; future telegraph facilities 
of the same or different type, 

* * 1 « 

• Naturally, additional requirements of a more 
specific nature were prescribed for the initial design. 
These have been omitted' since they do not ma¬ 
terially relate to tfie subject matter of' this article. 

Technical Features of Design 

9 

' Having chosen suitable relays with satisfactory 
operating characteristics, particularly with regard to 
efficiency, sensitivity, and freedom from chatter and 
bounce, the first consideration was that of frequency 
band width and' frequency allocation of the carriers. 
While the required signaling band width was well 
•defined for the existing printer facilities, it was 
logical to make provision for band widths expected 
from contemplated future telegraph facilities under 
development. This led to a design of selecting cir-” 
cuit which could be adjusted readily to any desired 
band width. Details of these structures will be 
treated more at length later. 

In reviewing all previously published information 
at hand, it was apparent that some variance among 
authorities existed in regard to the proper relation 
that should be sustained between signaling speed 
and minimum band width necessary to satisfy funda- - 
mental transmission requirements. A proportion¬ 
ality factor of 1.5 times twice the fundamental sig¬ 
naling frequency was used in determining the ap-” 
propriate band width. This is in substantial agree¬ 
ment with prevailing practises, which specify equiva¬ 
lent values ranging from 1.2 to 2.0 times twice the 
dot frequency. Other practical considerations re¬ 
sulted in prescribing frequency bands wider than 
the theoretical value indicated, in order to provide^ 
operating margins that would insure continuity of 
service. 

Directly related to the •matter of band width is 
the problem of allocating the carrier frequencies. 
(Obviously, the degree of selectivity Which could 
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be obtained economically was the essential limita¬ 
tion in fixing the positions of the carrier frequencies 
in the assigned frequency spectrum. As this system 
was to be the initial carrier, system .in an existing 
telegraph plant made up almost exclusively of d-c 
telegraph facilities occupying the lowest end. of the " 
frequency spectrum^ it was natural to assign for tins • 
pander system a frequency range.jmmediately above, 
in the voice range. 

It is well recognized of course that practical con¬ 
siderations dictate how efficiently lie frequency 
range should be utilized. For example, the fre¬ 
quency space may be divided for suitable operation 
of start-stop printers. This would require a band, 
width of approximately 75 cycles and woifld permit 
relatively close spacing of the carrier frequencies. 
For a given frequency range a given number of 
channels could Be allocated, each of which would - 
have an operating limit of 65 words per min ute. 

By slightly increasing the band width to 100 cycles,^ 
it would be possible to divide this same given fre-" 
quency range into a fewer number of, channels, * 
each capable of transmitting 2 channel multiplex 
signals with an operating capacity of 120 words per 
min. per carrier channel. This line of reasoning 
may be continued on to include 3- or 4-channel 
multiplex operation. While it would be possible 
to determine from such an analysis the best combi¬ 
nation, from a standpoint of obtaining the greatest " 
message capacity, in a given frequency range, it 
would not necessarily make the most practical use * 
of the frequency space. The band widths finally 
chosen were based upon these considerations and also 
upon the smoothness with which carrier telegraph 
systems could be introduced into the telegraph plant. 

It appeared advisable to restrict the lowest carrier 
frequency to 500 cycles in order to allow ample fre¬ 
quency space for retaining on the same'wires exist¬ 
ing high speed d-c telegraph circuits. 

Fundamental operation of all carrier telegraph 
systems is essentially the same.^Before describing 
this system in detail it will be well to enumerate* 
the principal components that go to'make up any 
carrier telegraph system. A system comprises sev¬ 
eral individual channels, uniformly alike "in make-^ 
up and normally comprised of the following essential 
parts: 

R A transmitting terminal consisting of frequency sources, modu- 
ls^ors, and shaping networks. 





Fig. 4. Assembly of shaping network unit 



transmission over a typical channel 


A—-Signal repeated by receiving relay to receiving equipment 
B—Modulated carrier current shaped for transmission 
C—Originating telegraph signal received from transmitting 
telegraph* equipment 


* 2. Repeaters consisting of 2 separate one-way amplifiers each 
.comfnon to all of the"channels. 

3. A receiving terminal consisting of selecting'circuits, amplifiers, 
detectors, and receiving relays. 

. “ Each tuning fork generator operates on 100 to 
200 milliamperes of current from a 6-volt battery 
supply in common with, all other generators. From 
each generator 60 milliwatts of power into a 600- 
ohm load circuit is available, if transmitting level 
conditions require utilizing the maximum generator 
, outputs. Generated power output available from 
the multi-frequency generator at each channel fre- 

• „ quency is 375 milliwatts into a 600-ohm load cir¬ 

cuit. Speed control equipment associated with the 
unit insures a constancy- of generated frequencies 
to within y 4 of a per cent, for normal line voltage 
Variations. 

The purpose and functions of each of these parts 
already have-b&n ably described in previous publi¬ 
cations; therefore, the remainder of this article will 
be confined*to a more detailed description of the 
apparatus developed for this particular system. 

The system as a whole has been designed initially 
for 4-wire operation over composited open wire tele- 

/• graph lines. Fig. 1 shows schematically the system 
layout of half of the equipment for 10 2-way carrier 
channels; the other half of the system obviously is 
„ Optical to that part shown except that it trans¬ 
mits ip the opposite direction. 

One of the unique features incorporated in the 
-system design was the degree of flexibility provided 
for satisfying the diversified use of carrier telegraph" 

: circuits, and which proved essential for meeting 

* Economically the requirements of a domestic tele¬ 
graph plant. Application ..to existing trunk routes 
between important telegraph centers over which th* 
traffic demands are heavy invariably will call for 
initial installations of complete 10-channel systems. 
At the same time, for secondary leads between less 
important centers, normal traffic growth may be 
provided for more economically by systems com- 

„ posed of fewer channels, due to the unit method of 
design. Systems consisting of from 1 to 6 channels 

# may be equipped with-individual channel frequency 
sources, namely, double carbpn" button tuning fork 
generators supplying carrier frequencies of 500,' 
700, 900, 1,100, 1,300, and 1,500 cycles per seer; 
for systems requiring more than 6 channels a carrier 
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frequency source from a multi-frequency generator 
supplying the following frequencies is provided: 
500, 700, 900, 1,100, 1,300, 1,500, 1,700, 1,900, 
2,100, and 2,300 cycles per sec. * 

It is readily apparent that a system design such 
as this is capable of being adapted to" the usual com¬ 
munication network in an economical manner. The 
providing of additional channels for operating sys-" 
tfems of 1, 2, 3, or more channels may be carried out 
expeditiously, without affecting the* channels already 
in service. When a system has grown to 6 channels 
and additional channels are required, the individual 
tuning fork generators are replaced by a multi¬ 
frequency generator. 

Superposition of the carrier system upon the tele¬ 
graph lines is accomplished by compositing. Carrier 
composite sets are provided at the terminals and re- 
.peater noints for restricting the carrier and d-c tele¬ 
graph”’frequencies to their respective paths. The 
low frequency portion of the composite set requires 
& rather exactiifg design, as the d-c telegraph facili¬ 
ties operate at high speeds over the circuits employ¬ 
ing ground return. 

Telegraph line wires, which normally are uritrans- 
posed for d-c operation, must be transposed to pro¬ 
vide a suitable metallic circuit relatively free from 
noise or external interference for a carrier telegraph 
■system. . Loading of conductors in entrance and * 
intermediate cables is required also, if full advantage 
of efficient transmission is to be realized. 

Transacting Terminal 

• 

In describing the transmitting and receiving 
channels, a description of ah individual channel will 
suffice sinOe all of the important units , that make 
up the complete system are identical except for ini tial 
adjustment. A schematic diagram of a transmitting 
channel is shown in Fig. 2. 

• . As previously mentioned, the carrier frequency 
source may be'"derived from either 1 or 2 different 
units, depending upon the number of channels mak¬ 
ing up any particular installation. Impressing the 
signals upon these carrier frequencies is commonly 
knpwn as modulation. In carrier telegraph opera- 
tion^ this process may be carried out by interrupting 
a steady carrier frequency source in accordance with 
the actual signaling frequencies of the originating 
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.telegraph signals. However, in the circuit arrange- 
•ments of this system, superimposing telegraph signals 
on the carrier by open-circuiting between the carrier 
generator and the shaping network, what might be 
termed series modulation, has proved the most satis¬ 
factory. The method is evident from the circuit 
shown in Fig. 2^ 

It <*has been shown very clearly by mathematical 
analysis^ and substantiated in practise, that a rela¬ 
tively small portion qf the sidl frequencies present 
in the telegraph signal need be transmitted over 
a* carrier circuit. (See “Certain Factors Affecting 
Telegraph Speed,” H. Nyquist, A.I.E.E. Jl. v. 43, 
p. 124; “Voice Frequency Telegraphs,” W. Qruick- 
shank, Journal of the I.E.E., July 1929, v. 67, No. 
391, p. 813; and “The Building-Up Processes in 
Wave Filters,” K. Kupfmuller, Elec. Na. Tech., 
1924, v. 1, p. 112.) The degree to which .the side 
frequencies may be limited is dependent entirely 
upon the signaling speed and the signal quality that 
will insure satisfactory performance of the particu¬ 
lar type of telegraph equipment used in conjunc¬ 
tion*with the’carrier system. 

One of the outstanding features worthy of note 
•in the design of this system is the application of the 
simplest known type of selecting circuit. The 
familiar coupled'’tuned circuit upon which the early 
wireless art depended for discrimination will be recog-" 
nized in the shaping networks and receiving selecting 
circuits which form the essential parts of this carrier 
system development. The unique solution of the 
coupled tuned circuit problem by one of the authors, 
L. A. Kelley, has made possible a. simple and con¬ 
venient method for designing selecting circuits to 
meet "any requirements for which they ma^ be 
adapted. -A detailed explanation of the method is' 
presented in the article immediately f ollowiifg this one. 

. Treatment of coupled tuned circuits by this 
method offers a distinct advantage over existing' 
technique for handling selecting circuit design, 
inasmuch as it is possible to determine the operating 
characteristics which a given selecting circuit will 
possess when connected into the working circuit. 
The importance of equipping carrier systems with 
selecting circuits uniform in structure and perform-^ 
ance cannot be overemphasized. At the» same time, 
if full economic advantage is to be realized from 
carrier operation, it is equally important that the 
manufacturing costs to produce the selecting equip¬ 
ment should be consistent with those fdf the other 
related'' equipment. „ ’ • 


As may be noted under tlae discussion regarding 
performance, it has been possible to develop for 
this system relatively inexpensive shaping net¬ 
works and receiving selecting circuits (patent hp- 
plied for) that meet especially welTall transmission 
requirements imposed. This is accomplished pri¬ 
marily by designing the selecting units for the en¬ 
tire, system so that "only one type of inductance coil 
is used throughout; obviously tins greatly simplifies 
the manufacturing problem for selecting circuit 
equipment from the standpoint of electrical and 
mechanical dimensions. Advantage is taken of the 
desirable properties of the air core inductance coil 
for eliminating the possibility of modulation effects 
from the selecting circuits. A double tuned circuit 
is embodied in the shaping networks used at the 
transmitting terminals. Mounting arrangements for 
the circuit elements have been worked out in a con¬ 
venient assembly, as shown in Fig. 4. As may>be, 
noted one inductance element is movable with re¬ 
spect to the other fixed inductance element; a cali¬ 
brated scale is provided in order that any desired-, 
degree of coupling may be easily obtained. ''The 
major portion of each capacitive element is com¬ 
posed of fixed units, with the remainder made up 
of small adjustable units permitting closer ^tuning 
adjustment after the entire unit has been assembled. 

Receiving Terminal 

Adequate selectivity for separating out the various 
modulated carrier frequencies at the receiving" termi¬ 
nal is obtained from triple tuned circuits embody¬ 
ing the same principles of design and equipment 
assembly as the transmitting shaping networks. A 
level-control network is inserted between the 2 halves 
of the selecting unit, as a convenient 5 means of ad¬ 
justing the individual channel frequencies to the 
proper operating level without appreciably affect¬ 
ing the transmission characteristic of the selecting 
units. A 10-db range for transmission level adjust¬ 
ments is provided in a continuously variable sec-* 
tion of the level-control unit. This’'permits close 
regulation for optimum operating conditions. Fixed 
pads may be added to this 10-db unit, if desired. 
The last tuning condenser of the second .section* of" 
the selecting circuit is connected in paraller with 
the input to the receiving channel amplifier, as an b 
efficient means of coupling. Fig. 3 shows in sche-" 
nj^tic form the entire receiving circuit. 
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Fig. 7. (Right) Discrimi¬ 
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A vacuum tube amplifier having 2 stages of trans¬ 
former coupled amplification® is provided for each 
individual receiving channel. A maximum over-all 
receiving, circuit Sensitivity equivalent to 2.0 milli- 
amperes down**26 to 30 db may be obtained for 
any of the channels. Vacuum tubes developed for 
. these amplifiers as well as for the repeater amplifiers, 
have a voltage amplification factor of approximately 
6 and an output impedance of 4,000 to 6,000 ohms.' 
They require 0.45 amp filament current at 5 volts 
atjd are operated at a plate potential of 150 volts. 

Conversion of the received a-c signals to d-c im¬ 
pulses is accomplished by means of a dry copper 
oxid rectifier. This rectifier is used in series ar¬ 
rangement between the output of the receiving am¬ 
plifier and the receiving relay. Adapting this type 
of rectifier to conform to the requirements imposed 
on the receiving circuit has furnished, a stable de¬ 
tector circuit not influenced by power supply varia¬ 
tions. Maintenance and operating requirements for 
'this form of detector are negligible. 

. For the receiving relay a sensitive, multi-winding, 
polarized telegraph receiving relay is used which re¬ 
quires a current of only a few milliamperes in the 
operating windings. Two other windings are con¬ 
nected* to a local accelerating circuit in accordance 
with-the well-known Gulstad (see “Vibrating Cable 
Relay,” K. Gulstad, Elec. Rev., London, v. 42, 1898; 
V; 51, 1902) vibrating relay circuit. This tends to 
insure positive action of the sensitive receiving re¬ 
lay. Furthermore the Gulstad circuit, due to its 



Fig. 8. New York terminal layout of New York- .«■> 
Washington carrier telegraph system c 

Carrier bays for 6 of the 10 channels may be seen at the right 

adjustable vibratory nature, is especially suited 
for printer telegraph operation. Still another set 
# of "windings is used to bias the relay electrically. 

System Performance * 

In view of ;the existing printer plant associated 
with carrier facilities,^ a band width capable of han¬ 
dling a 30-cycle dotting^spefed i? all that is necessary 
to meet present requirements. With the .channel 
bands adjusted for this type of service, it is possible 
to handle 2-channel multiplex, start-stop, or manual 


788T 


signals commercially. Maximum commercial traffic 
capability of a 10-channel system operating 4-wire 
on a 30-cycle basis and working a 2-channel multi¬ 
plex on each carrier channel as well ^ on the 4 
physical wires, is 3,360 words per min.; 2,400 words 
of this total is over the carrier. Naturally, a record 
communication network embodying^ different types 
of printer service, along with hand speed telegraph 
service, thereby is limited in the number of cases 
where the maximum word capacity of a* carrier 
system can be utilized. For tfie.application at hand, 
it was more important to standardize the use of 
carrier channels capable .of handling any combina¬ 
tion of existing telegraph service used in the present 
plantf • *' * . • 

For the present, carrier systems are operated over 
existing No. 9 AWG (114.4 mil) copper line wires. 
This system, even when comprising a complete com¬ 
plement of 10 channels will span distances'from 50 
to 510 miles (80.5 to 820.6 km) economically and 
effectively without repeaters. When /epeaters are 
required, they may be spaced up to 275 miles (442.5 
km) apart. Each amplifier of a 4-Wire repeater 
has a maximum gain of 28 db and is capable of han¬ 
dling the combined outputs of all channels. Satis-, 
factory operation over a 10-channel system has been 
demonstrated experimentally over artificial lines 
'through as many as 8 repeaters in tandem, equiva¬ 
lent to a New York-San Francisco system. 

As has been stated previously, the inherent op¬ 
erating characteristics of all channels are uniform. 
An oscillogram showing over-all telegraph trans¬ 
mission over a typical carrier channel is shown in 
Fig. 5.. The telegraph signal transmitted consisted 
of 30-cycle reversals. The quality of the telegraph 

• transmission may be observed by noting the free¬ 
dom fronS bias on comparing traces *A and C. 

. Characterises of the transmitting shaping net- 

• works and of the receiving selecting circuits are shown 
in Fig. 6. Transmission curves of the receiving se¬ 
lecting circuits arbitrarily show relative discrimi¬ 
nation against only the adjacent channel bands. 
However) the attenuation of the coupled tuned cir¬ 
cuit type of selecting circuit employed inherently 

^increases for departures further and further away 
from the resonant frequency. In order to show this 
more clearly a characteristic curve of a 1,500-cycle 
channel receiving selecting .circuit is given in Fig. 

7; this Is typical of the other selecting circuits cover¬ 
ing the entire frequency allocation on either sidTe. 

Inherent transmission characteristics of th*e over¬ 
all channels are suited particularly well to printer 
operation* ‘Transmission changes as great as ±6 
db iff the over-all channel equivalent, caused by 
power or line equivalent variations, will not upset 
the operation of *the printers when initially lined 
up to operate in the center of the printer range. 
Printer ranges over the carrier channels are nearly 
as good as the local ranges attainable on short- 

• circuit.' 

Y ' ‘ *• * ‘ ' • • . 5 • “ •. : • / ‘ \ *• •*. .V . 

Conclusions 

Performance data show that the particular carrier 
telegraph system described fulfils to a practical qx- 
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tent the general requirements set down earlier in 
this article as an ideal to be approached. This 
should be evident when it is considered that: 

1. Each carrier channel is capable of handling commercially 
2-channel multiplex signals at 60 words $er multiplex channel, for 
which speed the apparatus was initially adjusted. Only relatively 
simple adjustments are required to accommodate signalling speeds 
suitable for 3- or 4-ftfimnel multiplex operation if desired.. 

2. On* the New Yotfk-Washington system standard 2-channel 
multiplex equipment has been operated at the 60-word rate on all 
of the 10-carrier channels without discrinJination. 

3. Stability of the carrier system may be judged bjs the lack of 

service interruptions over extended periods of time with a simul¬ 
taneous load of 9 2-way 2-channel multiplex circuits and 1 2-way 
teleprinter circuit. . 


be invplved in applying KireliofFs laws to the cir¬ 
cuit in place, but thfe assumption often leads to 
large errors and requires the application of several 
correction factors for each individual point of the 
transmission characteristic. The labor can be re- * 
duced substantially, however, without resorting to * # 
this assumption; the manner in which it can tie * 
$one is the subject'of this article. .Only recurrent 
coupled tuned circuits employing magnetic and 
capacitive coupling will be treated in detail. 

« • 

General Theory 


4. Channel equipment has been designed to provide economically 
a largt degree of flexibility. It is possible not only to interchange 
equipment but, at the same time, to secure uniform telegraph 
transmission at all channel frequencies. These advantages are due 
mainly to the adjustable features incorporated in the single unit 
design of the shaping networks and selecting circuits. 

5. * The introduction of this carrier system into the telegraph plant 
has not imposed any additional restrictions on the inside or outside 
plant facilities. An example of this is the retention of the d-c 
2-channel multiplex operation, with ground return, over the same 
wires upon which the carrier system is superimposed. 

* m ' 
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Direct Solution of 
Coupled Tuned Circuits 


A method has been developed for com-' 
puting easily and accurately thtf transmis¬ 
sion characteristics of a coupled tuned 
circuit under practical operating 'condi¬ 
tions. While especially applicable to 
communication circuits, the method is said 
to be applicable to all circuits of this 
general type. 


By * 

L A. KELLEY* 

ASSOCIATE A.I.E.E. 


Burkholder jjnd Keljfcy, communication 
engineers, New York and Toronto 
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, XsOMMON PRACTISE today for de¬ 

termining the transmission properties of a selecting 
circuit is first to assume the circuit to be terminated 
in an infinite number of recurrent identical selecting' 
circuits and then tp treat it much as if it were a 
portion of an infinitely long line having smoothly 
distributed Constants. Such a method* has the ad¬ 
vantage pf requiring less labor than ordinarily would 

- —— --- : ---—— -- . .. —; - - . - 

Full text of "Direct Solution of Coupled Tuned Circuits," presented at the 
A.I.E.E. winter coflverttion, New York, N. Y., January 25-29,1932. P#nspMet 
copies not avdilablf. 

* Fbrmerly*of the International Commutfications Laboratories, New York, S’, Y. 
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The general theory will be limited to repeated 
identical networks operating between* arbitrary ter¬ 
minations; Also, for convenience, the networks will 
be assumed to be symmetrical and composed of linear 
impedances, and'the terminations . equal to each 
other. ' * 

Referring to*Fig. 1, let Z = r Z x + Z M , first of ’ 
all suppose the terminals 1-2 to be connected by* 
short wires to 3-4. Call the current which flows • 
Jo; then 7 0 = E/2Z T . The current J 0 * is there¬ 
fore the current which flows in the output circuit 
when no circuit entailing a loss is interposed* The 
attenuation ratio will be expressed as I 0 /I where / 

, is the output current flowing under any conditions 
for the same value of E. Furthermore, let a n repre¬ 
sent this ratio where the subscript n indicates the 
number of symmetrical networks interposed in any 
particular case; a Q = 1 may be written immediately. 
Proceeding, 

. _ E h Zt (Zp + Z)> - z\ r 
1 " E-Zm " 2 ZtZm 

. (z T + zy - z* M 

Put cti — A for the time being; by proper arrangeiliest, then, 

* Ch = — lj or (BA — 1) where B = ^ and 

likewise dj = (B(BA — 1) — A } and so on. In general, it may b<? 

proved that * 

a 0 1 • ■» * 

oi — A • ' 

a 2 . «= BA — 1 = Bai — do « 

as = B(BA — 1) — A — Bdi — ai 

and • 

= Bd n -i — d n —t — Bd n +1 — dn+i . «. (1) 

Equation 1 is perfectly general for the ease as- * 
sumed and is an exact solution.. It is the funda- 

• mental equation upon which the present method . 
is' based. It remains only to express A and B in 
simple terms for any particular case to establish 
the ease and utility of the method. This will be* 



Fig. 1. A simple coupled tuned circuit of any 

number of identicahsections 

* ■•...• . - •* ^ ,.'••• *. • •: 

■ E is an arbitrarily fixed value of alternating emf but adjustable 
as «to frequency/ Zp and Zp are equal terminal impedances/ 
<* and Z± Zx and Zm Included between 2 pairs of terminals 
<:6mpps2 each symmetrical jjetwork section 
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Fig. 2. * Typical coupled tuned circuits 


done using the well known coupled tuned circuits 
for illustration. 

f'. 
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A 

Theory Applied to- Coupled Tuned Circuits 

A, capacitively coupled tuned circuit terminated 
in equal resistances R is represented in Fig. 2A. 
Fig. 2B and its equivalent 2C represent magneti¬ 
cally coupled timed circuits likewise terminated in 
equal resistances R. For the time being L and C 
will be considered as pure reactances. 

In what follows let 

/ — any frequency 
* 1 


fa = 2 y/Lc ’ the </ re( l ueilc y resonance 

w = 2wf 


M 


K = and , the coefficient of coupling 


• f 

b — f wit 

1 with magnetic coupling 


6 = 7 with capacitive coupling and 
' J ® o 

b r y wil 

R s = 2 t/o M and ^J^Cm for magnetic and capacitive coupling, 
respectively. 

First (insider the case of capacitive coupling as shown in Fig 2A 
Then *' * 




Npte that 


■* 


1 \ 

may be transformed to ^^6* — 1 ^ 


so that 


A = - — V 4.,'Pi 1 1 ( b ' ~ l\n > 

K + - 7 L2 + 26 26 \ K ) J (2a) 


and 
B -j 


*)] 

J uCm 
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(3a) 


* 

There are.a number of interesting things to ob¬ 
serve about eqs 2a, 3a, 2b, and 3b. In the* first 
place, nothing more is involved that the frequency 
ratio b and the coefficient of coupling K. T his 
simple form is achieved: without approximations. 
For. a given value of these equations show that 
the attenuation-frequency and phase shift-frequency 
characteristics are the same in magnitude for all 
values of capacity and inductance having these 
configurations, providing the frequency is expressed 
in terms of the frequency ratio b. For given values 
of K and b the phase shift for magnetic coupling is 
opposite to that for capacitive coupling. JST by 
definition may have values from 6 to 1* In Fig. 
3 are shown a family of curves for a,\ — A, or one 
coupling, element with the frequency ratio b and 
attenuation loss in db as coordinates for several 
r values „ of K. Corresponding phase shift*'curves 
are shown i$ Fig. 4. 

It may be seen that the high or low pass selecting 
circuit is the special case of K - 1 for the magneti¬ 
cally or capacitively coupled circuit, respectively. 
The locus of critical frequency ratio also is shown. 
These frequency ratios are those at which the steep¬ 
ness of the attenuation frequency ratio curve n gener- 
„ ally-gasses through a maximum resulting in low 
attenuation decreasing rapidly to zero in one direc¬ 
tion and increasing rapidly to higher values of at- 
r tenuation in the other. Quantitatively these fre¬ 
quency ratios are given by setting (b 2 —l)/K = ± 1 
since the expression occurs as a square in the case 
of &i — A and in still higher powers as n is assigned 
higher values in a n = 

In other words (b 2 —l)/K becomes very small 
quickly when given absolute values less than 1 and 
f increases quickly when given values greater than 1. 

Therefore b h bz = s/l =*= K determines the critical 
frequency ratios which aye those between which the 
structure transmits with little or no attenuation to 
the comparatiye exclusion of the range beyond. 
Similar families of curves could be shown for addi¬ 
tional circuit sections and they would reveal a com¬ 
paratively greater exclusion at the frequency ratios 
beyond the critical. 

By substituting values of A and B found in eqs 
3a, 3a, 2b, and 3^ in eq 1, the magnitude and phase 
angle (with respect to the impressed E) of the at¬ 
tenuation ratio can be computed exactly and readily 
for values of b, K, tmdn. To reduce the labor still 
n more a nomographic chart (Fig. 5) has been pre¬ 
pared to compute the values of the expression 
b 2 ~l/K which occurs quite frequently in the for¬ 
mulas for the attenuation ratios. 


Let/ 


b 2 - 1 
K 
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Substituting in eqs 2a and 3a 

A - -p+jl[b+\(l -£*)] 

and * 

B = -2 p 

Substituting in eqs 21? and 3b 
A - 
and . 


(Sa) 


(6a) 


(5b) 


V 

present method can be ext&nded quite easily to 
cover such cases. Call the new value R' and repre¬ 
sent it as a function of R such that R' = hR. Npw 


a 0 = 1 


a. 


-p±j 


. i 


i) - a‘ 

° 3 = - 2 P( a 2 ) ~ 

etc., where A = a' and B = —2 p 


( 8 ) 


B ' = ~ 2p (6bJ A set of curves is shown in Fig. 6 illustrating the 

The chart in Fig. 5 may be used to solve eq 4 E^ ect . of 2*™^ different values to h when K « 1. 
sinco a straight line connecting b and iT-will cut the J“ e ^P 0 ^ 110 ^ of the termination in its effect on 
p scale in a value ‘which,satisfies the equation. the. resulting characteristic is well shown *by com- 
Transmission characteristics for structures hav- P ann £ the curves for h = 2 and h =_ 1/2 with the 


ing more than one reactance network in terposed 
may be computed by substituting in eq 1; • for ex¬ 
ample 


(7) 


“ 1 » 

= m~p ±j (i — pt )J 

at ” " 2p( tt (ff[) “ a o t « 

Os == —2p(ai) —■ Oi 
*tc., where .4 «=> Oi and 5 = —2£ 

The upper pa# of the double sign applies to 

capacity coupling; the lower, to magnetic coupling.- 

Values of a n in general will be of complex form or cor dmgly 
O'n — a n/j£»; <p n will be the phase shift with reference 
to the impressed emf and_a B may be expressed in 
decibels, a n (db) = 20 logi 0 a B . 

So far the structure has been asstftned to be termi¬ 
nated in resistances R such that 


one for h — 1. A curve for h = \/2 which corre¬ 
sponds to a termination of R = -\/2L/C is shown also * 
to indicate the possibilities of choosing the term!- • 
nation to bring*out a desirable shape for the trans- m 
mission characteristic. v 

Heretofore, the coils and condensers have h een * 
considered as pure reactances; while ’for certain 
purposes it may be safe to assume this, of course 
it is not possible to Build them without some re¬ 
sistance. Make this a function of R so that the re¬ 
sistance of one complete mesh is r — 2 dR. * Ae- 


a 


a 


R 




S3 

. “ -£(l+rf)*4[&U +d) 2 + 

- “ 2 (P + jbd)a" - a Q 
a 3 - -2(p + jbd)a\ - a\ 
etc., where A - a x and B = —2(p + jbd) 


i (!-«]' 




(9) 


This corresponds to the condition of maximum energy 
transfer at resonant frequency / 0 a!hd should be*, 
found satisfactory in most cases. For some reason 
one might wish to consider other values*of R. The 



Fig. 3. (Left) 
Attenuation-fre- 
quencty ratio 
curves for a tuned 
circuit having one « 
coupling „ unit 
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Fig. 4. (Right) 5 
Phase shift-a 
frequency ratio 
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circuit haying one 
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The effect of both dissipation and changed,termi¬ 
nation is given by 

= 1 r 

• d[' = -p (i + d) fc + dy +1 (i - />*)] 

~ _r 2(^> + jbd)a l -a (10) 

a % --2 (P +jbd)a 2 - 

• etc., where A — a 1 *ancb r B = —2(p 4* jbd) r ^ 

The foregoing formulas are summarized in Table I. 

r r 

Design of Coupled Tuned Circuits 

r 

The formulas just obtained immediately will 
suggest methods for designing actual structures for 
any practical case for they enable the transmission 
characteristics of this important class of selecting 
- .circuits to be readily investigated: To cite an ex- 
. ample it will be assumed capacitively coupled tuned 
circuits are to be used. Data that might be re¬ 
quired are, circuit impedances between which the 

♦ structure will be inserted, the frequency limits be- 
tjve£n which it is desired to transmit freely, and the 
attenuation which must be exceeded for certain 
frequencies outside of'the transmitting range. 

Calf the critical frequencies/i and/ 2 . Remember- 

• ing that 

> h ^ fi/fo ^ vr~=Tg • 

bi “M> “ Vl + K 

• ' * * 

the value of K and also / 0 may be calculated. Sup¬ 
pose tfye circuit impedances to be equal and repre¬ 
sented by R ~ Then the coupling capacity C M (Fig. 
2A) will be found by C M - l/(2» foR). The value 
of Owill be C = KC m , C s = {C-C M )/{C U -C), and 
L = 1/KWq )*C}. 

In general the condenser resistance may be neg¬ 
lected and'’reasonable values of effective resistance 
'of the coils L over the frequency range Of interest 
may be estimated from an abundance of data. Then 
using the second line of Table I the values of A and 
W B can be computed from which the number of sec¬ 
tions required to attain sufficient attenuation out¬ 
side the transmitting range may be easily deter- 
„ r mined. 'Slight adjustments of the band width can 
be made readily by changes in K and proportional 
changes in the .frequency scale without making a 

* completely new series of computations. The struc¬ 
ture then can be assembled with the assurance that 


«* 

the transmission characteristics thus computed wifi 
agree closely with measured results. 

If the impedances between which the structure 
is to be inserted are unequal, the inequality may 
be taken care of bye means of'a transformer having 
a suitable impedance ratio or by stepping the circuit 
impedance up or down in one ormiore successive 
meshes remembering that Z M = 'VRiR 2 whdte R r 
and Rz are the circtjit impedances of the successive 
meshes at/ 0 ., The condenser and inductance reac¬ 
tance values will be proportional to Ri and i? 2 in 
their respective meshes, but the transmission char¬ 
acteristics will remain unchanged so long as the ratio 
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Fig. 6. (Left) Atten¬ 
uation-frequency ratio 
curves showing effect 
of different terminations 


FREQUENCY RATIO-B 


Fig. 7. (Right) Atten¬ 
uation-frequency de¬ 
parture curves for 1 , 2, 
and 3 coupling ele¬ 
ments 
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of reactance to resistance of the different size coijs 
is the same. ,, 

• * 

Approximations 

Ordinarily, where many circuits of this kind are 
to be designed it would be convenient to have 
families of curves plotted covering the range of 
variables most often desired, and interpolate„for par¬ 
ticular values. It might be desirable, however, 
to make a.rough curve using approximating methods 
Many ways Suggest themselves but a few which 
may be helpful will be indicated. Tjie loss in trans¬ 
mitting range, for example, may be gaged from the 
loss at the frequency/ 0 which in the case of no dis¬ 
sipation is zero db. Where there is dissipation, it 
is* very closely equal to 20 logi 0 [(2R + '2r)/2R] db 
since r is nearly always small compared with R. 
In the attenuation range r usually can be neglected. 
Moreover, if the attenuation is appreciable (say 
10 db or more) for one section, the attenuation for 
additional sections will be given by adding for each 
additional section 20 logi 0 (2p) db to the db attenua¬ 
tion of one section. • ' 

• * It is interesting to consider the case of radio fre¬ 
quency tuned circuits where the fractional change 
in frequency over the range of interest is extremely 
small even though it involves traversing a com¬ 
paratively large number of absolute cycles per sec/ 
Referring to eqs 2a and 2b 


Substituting 

_ * j r, _ y*2Af\n 

A8T 1 L 1 2\J t K)\ 
or in absolute magnitude 


Oi 


dx 


V 1 + lirw) a PP roximatd y 
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b 1 1/4*'- l' 2 

.2 ^ 2b i ' 2b\ K 

. r * 


Assume that b — 1 =±Ab and that Ab is very 
small compared with unity. Whence 


(1 + 4 ) 


approximately 


(4* — 3*2 A& = * approximately 

* ‘ *: •/’. ’ * ’ '• '• ' ' ' - • : 

NoypiiBEjt 1932 , 


The limiting frequencies of free transmission are 
derived as before by letting *2A//JWT = *1. The 
band width is then W = foK. Let foK = 1 in the 
approximate equation and plot in decibels ^gainst 
frequency departure Af. Such a «curve is shown 
in Fig. 7 for one coupling unit, but sineeSt is symmet¬ 
rical about Af = .0 only half is drawn. To use 
the curve look up the attenuation corresponding to 
Af and then multiply the value of A/ by the barid 
width W which gives the actual/departure in cycles 
per second from/ 0 having that attenuation. % 

As a specific example, suppose it is desired to in¬ 
vestigate the selectivity curve for a coupled tuned 
circuit with one coupling element such that it will 
transmit a band of 5 kc at a resonant frequency oi* 
1,500 kc, i. e., from 1,502.5 kc to 1,497*5 kc. • Since 
W foK, K = 1/300. Theft multiply the ab¬ 
scissas of Fig. 7 by 5 kc and the curve for one coup¬ 
ling unit automatically becomes the selectivity curve 
with abscissas in kilocycles off resonance. ActuaJ 
values for the qpils and condensers depend upon the 
circuit impedance and *are determined readily in 
the manner previously shown. 

These approximations may be extended to •tuned 
circuits of more than one section. Take 2 sections 
for example. * , * 

B = - approximately * • 

In 02 = BA — 1 substitute the approximate expressions for A and • 
B, whence : •• . 

The absolute magnitude , 
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Here again the ban& width is W = foK find a 
similar selectivity curve is drawn in Fig. 7 for 2 
coupling units. This curve may be used in exactly 
the* same manner* as indicated for the first curve. 

* The same is true of the curve for 3 coupling units. 
•Indeed* all of the curves are drawn to the same - 
•senile of frequency and are directly comparable in 
regard to their selecting properties. It is possible, r 
therefore, to see at a glance the selectivity to be r 
expected from 1, 2, or 3 sections of either capacitively 
or. magnetically coupled tuned circuits providing 
K is small enough so that b need depart only slightly 
from unity to cover the frequency range of interest. 
It is assumed also that R — Z M and dissipation is 
negligible.* They do, nevertheless, afford consider¬ 
able information for a small amount of effort, since 
there is no special advantage in using a different 

„ value of R and dissipation will cause a more or less 
rounding off at title critical frequencies, an exceedingly 
small range of frequencies to investigate more pre¬ 
cisely. No doubt, other ways of approximating will 
♦suggest themselves. 

It vvas noted earlier in the paper that the coupled 
tuned circuits were to-be treated as an example of 
the general scheme based upon eq 1. For other 
types of structures the first step would be to con- 

• vert the expressions for A and B in terms of the 
structure into the simple form of ratios and proceed 
along the same line as shown here for coupled tuned 
circuits. 


Engineering Progress— 
. Help. or Hindrance? 


but we have to travel much more and the total delay* 
and discomfort may be greater. • 

While some diseases are much attenuated, new 
ones are due to the new way of living.* Would it 
be real progress to ijnd a radical method of curing 
tuberculosis? Y$s, given the present conditions; 
but are not these conditions the main reason why 
tubefculosis became so widespread^ Surgical meth¬ 
ods are much improved, but are most cases pot due 
to our way of livinf: accidents, lack of exercise, 
unsuitable food? • 

„What is happiness? If one considers his own life, 
he will find that the notion “happy” is relative for 
what makes # us relatively .happy for a time isjtiot 
necessarily of real benefit. -Real happiness should 
last, and can be procured only by wbat is really 
good; it is practically independent of material con¬ 
ditions—an abandoned, poor, sick man may be 
happy. Experience tells us that no material goocl 
has ever given true and lasting satisfaction. Every 
time we reach such a goal we find that#it is not the 
thing we expected. 

^ Experience of past ages shows that no civifiza- 
tion, no culture, no progress, nO improved means 
pf communication, no form of government, in short, • 
no improvement of the outer influences, can bring 
peace and make man really happy.* The great ob¬ 
stacle is man himself. He must change individually. 
The famous Claude Bernard used to say: 

“Science has made great progress; man’s passions 
remain the same. . . . Science does not change in¬ 
stinct, it reinforces it and increases its strength.” 

Engineering progress is neither good nor bad in 
itself. Engineering is concerned principally with 
the lpwer class of good. Material conditions’have 
'been much improved, particularly fof the country 
people; but we may ask whether these conditions 
could not have been improved sufficiently in a more 
efficient way by a change in general organization even 
without modern progress. For the higher Hap ? 0 f 
good, engineering progress may be a help, but at 
the same time a hindrance. * 


Engineering progress is said to be neither 
good n6r bad; it may help man or hinder" 
him, depending upon how it is used. This 
is the fourteenth article of the Engineer¬ 
ing Foundation's symposium "Has Man 
Benefited by Engineering Progress?" 


By 

S. VAN MIERLO 


Dept heed, Laboratolres 
De La Sodete Le Materiel 
Telephinlque, Paris 


N 


IOT ALL progress is real gain. If 
we increase our needs at the same rate as we in¬ 
crease our facilities, there is no real gain. We have 
means to travel quickly, but why should we travel 
quickly? Mainly because modern -life needs it* 
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Right Use of Engineering Progress 

r* . * . 

Engineering progress and scientific discoveries 
show us more clearly the marvels of creation and 
should lead us logically to the invisible and absolute 
t hin gs. Many men through whom this progress 
was made possible could say with Faraday: 

. “Yet even in earthly matters I believe that the 
invisible things of Him from the creation of the 
world^ are* deariy seen, being understood by the 
things that are made, even His eternal power of 
Godhead; and I have never seen anything incom¬ 
patible between thbse things of man which be 
known by the spirit of man which is wi thin him and 
' those higher things concerning his future, which he 
cannot know by that spirit.” 

Engineering progress helps to manifest man to 
hi m self.- A child shows his childliness by choosing 
his^sort of good; a man can likewise recognize his 
mental or spiritual position by what he considers 
as good. The way to real progress is understanding 
and ^acknowledgment of oneVreal positidh. -If e^ 

* Electrical Engineering 


perience (and engineering developments are an im¬ 
portant factor) teaches man that he is far from 
perfect and that his own efforts even by giving 
marvelous results in their proper sphere , cannot 
lift him above himself, and tha^ he needs make use 
of a power belonging to a higher sphere, he will make 
real progress ami come to real and lasting happiness. 
• * 

Wrong JJse of Engineering Progress 

• 

Engineering progress may hinder us from rea ching 
the highest good. In general, modern nervous lifg 
gives fewer opportunities »to examine calmly the 
problems of life; it draws, all attention,to material 
things. Such progress -may in another way have 
a Harmful effect. Man rhay consider himself as 
the most superior being._ He may consider his 
achievements in the material sphere as proof of 
his own capabilities in any sphere of existence. 
He may expect to come, through culture, science, 
and arts, to «a state of universal peace and real 
happiness. If he thinks this way and places himself 


above „all, he will pass through bitter experiences; 
then engineering developments will have been •mis¬ 
used. Observation shows that they often are mis¬ 
used; but that is the fault of man, not. of engineering 
progress. 

* Great progress has been made in material things. 
However, as many facilities are needed by tbe 
pev^ conditions, the'final gain is not .so large as may 
be estimated at first sight. Further, any progress 
in the material sphere can give only some relative 
and temporary happiness. Absolute and lasting 
happiness can have its source' only outside of the 
human sphere and in order to attain such* a state 
of happiness, the inner man must be changed. 
Material progress may help if rightly used, but 
also may hinder if wrongly used. Pride in his own 
achievements may blind man to the extent that he 
does not see his teal needs and is kept from look¬ 
ing for real happiness where it can be found. * 

_a. _ _ _ ■ 

Editor’s Rote: Pursuant to the invitation of the Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining to 
this or other articles published in this series. 




Vibration in 


Electrical Conductors 


Laboratory tests using water as a medium 
indicate that the vibration of a conductor 
used for transmitting electric power can be 
diminished materially by the use of 
different shapes of cable cross-sections. 
The investigatioif shows further that of the 
various specimens tested, cables having a 
triangular cross-section show the least ten¬ 
dency to vibrate. 


* * 
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BECAUSE of the general increase in 
unit working loads as well as in the sizes of con¬ 
ductors on electric power transmission lines#, vi¬ 
bration of these conductors has become a serious 
pr6blem. Overhead conductor vibration probably 
was reported first in 1923 as deteriorating the me¬ 
chanical characteristics of conductors^ by some of' 
the potver companies of California. These vibra¬ 
tions seldom have an amplitude exceeding 2 in. 
Node lengths vary considerably and the frequency 
is of the order of from 10 to 100 cycles per sec. 

Numerous mechanisms and appliances have been 

Based upofa "VibAtion and Fatigue in Electrical Conductors” (No.,32K69) 
presented at &e A.I.E.E. summer convention, Cleveland, Ohio, June 20-24, 
1932? •. 4 ' ' * 


suggested for overcoming conductor vibrations, and 
' some of these function very well indeed. However;, 
such devices always are subject to the criticism that? 
ultimately they may account for„more' harm than 
good. At the same time if the cause pf the vibration „ 
can be determined, and preventives applied at the 
source, there will be then but little danger of trouble 
, occurring later at some unexpected point.. 

Foljpwing reports of a field observation from, a 
Pacific Coast power company, to the effect that* a 
■3-strand cable did not vibrate as inuch as a standard 
cable, 6 also that a single strand wrapped about a 
cable seemed to reduce the vibration, 7 it was thought 
that the problem might be solved by modifying the . 
conductor section rather than by adding reenforce¬ 
ments or dampers. Studies made later by Thoma 8 
confirmed this assumption, and showed that,the 
section of the cable did play an important past in 
the vibration characteristics. It was thought that, 
by upsetting the syn&netry of the conductor section," 
eddies formed on the fee side of the conductor would 
be disrupted. This is explained in the following 
paragraphs. 

• * • • . ' • • •* * . • . # • 

Theory of N on-SymmetIhcal Sections 

* * . 

_ . • , 

£. 6 /s-in. diameter round rod with a l /g-in. diameter 
wire spiralled ab$ut it, as shown in Fig. 1, has been 
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selected to indicate the complicated system .of fre¬ 
quencies brought about by the eddy formation at 
several successive cross-sections along the cable. 
Balancing of t;he eddy forces is demonstrated at 
individual pairs of cross-sections. A 5 /s-in. plain 
rQund -rod is examined also for comparison; as may 
be seen, there is no balancing action in this type of 
conductor. - -- "• - 

Four variables that modify the resultant eddy 
action behind the rod and wire are introduced in 
each individual cross-section, namely: (1) frequency, 
(2) phase, (3) amplitude, and (4) neutral vibration 
plane. r Each of these is studied in detail as follows: 

1. Frequencies were calculated from the Relf and Ower 1 formula. 


V." W 


f=6.85-6 


V / VD\ 
Frequency = p X 4 (~ J 


Assuming constant velocity of flow, the frequency is proportional 
to the diameter of,the section; hence varying this diameter varies 
. the*frequency. In the case shown in Fig. 1, variation is brought 
about by spiralling the wire about the rod. The effective diameter 
**of the combination will be the diameter of the rod plus a. portion 
of the diameter of the wire. The diameters only were considered 
» in determining the frequencies; theoretical curves were plotted from 
thesePvalues."* These curves then represent, to some scale, the actual 
ffequency of the section. 

2. Phase of the vibration of, an individual section is governed by 
the position of the outer wire and has been plotted accordingly in 
the diagram. 

3. Force acting in the direction of vibration is, 6 
P = KV 2 X D per ft run per lb 

where P = force, V — velocity, and D — diameter. 

Assuming^velocity constant, the force will be proportional to the 
diameter. The amplitude of the vibration, therefore also will be 
proportional to the diameter. _ For each section in the diagram 
(Fig. l)Hhe maximum amplitude has been plotted equal to the 
effective diameter and therefore represents to scale the true ampli¬ 
tude, 

4. Vibration will take place about the center of impact of the sec¬ 
tion; this is offset .from the horizontal diameter of the rod, and has c 
been indicated;^Fig. 1 by a broken line. 

Eddy formation and resulting forces have been „ 
"plotted for an instantaneous position of the rod and 
will reverse, at periods according to the frequencies 
involved, as indicated in Fig. 1 by the double arrows 
-for the round rod and by the double wave at cross- 
section 4. No attempt has been made here to estab¬ 
lish the exact mathematical values of the quantities 
involved? but this is b£ing investigated. The dia- ^ 
gram thus illustrates the principle qualitatively, but 
not quantitatively. 

It may be seen that at sections 3 and 7, and at 2* 
and 6, Fig. 1, the frequencies and amplitudes (there¬ 
fore forces) are equal but are 180 deg out of phase. 

- They will, therefore, tend to balance one another in 
the; direction of vibration^ thus reducing this objec¬ 
tionable feature. In the symmetrical round rod, the 
eddy formation is identical at each section and no 
balancing tendency is evident. At section 4 of the 
.combination of rod and wire, an unstable condition 
is introduced due to the forces on the sections on 
either side of it'tending to move the conductor iii 
opposite vertical directions. 

It must be realized that this discussion deals with 
a small length of cable *and with an 8-in. lay of the 
wire ; the 2 boundary Sections-are separated by 8 in. 
Similarly, withf 3-strand cable the boundary sections 
would be separated by only 2 2 / 3 in, In i>ra<ftisa it 
is highly probable that over such a small strata in 




EDDY FORMATION 
WILL BE IDENTICAL 
I IN EACH SECTION 
f FOR ROUND ROD 


Fig. 1. Comparative study of eddy formation at tlje 
lee side of the stream flow, for uniform and non- 
uniform specimens 
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r Fig, 2. Comparative vibration in water of oonduc- 
? 1 tors of Various sections and types ** * 
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NAME cross section 

TWISTED CONCAVE TRIANGLE 

TWISTED TRIANGLE 

* ft 

TWISTED SQUARE ** 

kIGHTNING ROD WITH HOLES 

ROUND, EXTRA STRAND TWISTED ON 

* 

* THREE-STRAND 

« 

• TWO-STRAND 

FOUR-STRAND* 

* 

TEN-STRAND SPECIAU 

t 

ROUND 


% 

a 


AVERAGE % 
REDUCTION IN 
AMPLITUDE 

90% 

90% 

83% * 
* 0 % 

70% 

• • 

70 % 

70% 

70% 

60%. 

0 % ■ 


Fig. 3. Percentage reductions of vibration for con¬ 
ductors of different cross-sections, as observed in 
' water 
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BASIC SHAPES 

BE USED FOR BUS BARS AND STRUCTURAL MEMBERS ft . 


comparison to the length of the span, wind velocity 
•would be approximately constant. 

Special Sections Available fcJr^Study 

• The single wire spiralled about the rod is im- * 
practicable, for on, the application of tension the* 
•load on the cable becomes eccentric*. This analysis, 
however, points the way to modifying, in a practical 
way, the fundamentals of vibration in cables. For 
instance, in a 3-strand cable, this same complication 
of frequencies would. be present, but the tension 
would be uniformly balanced over the cable section. 

The 4-strand cable also is a good example and is in 
common use, more especially in steel wire rope. 
Almost any sector or acorn shape may be made with¬ 
out much loss of mechanical strength by rolling or 
hammering the round cable as in 3-phase insulated-— 
cables. ' % * 

As a basis upon which to work, it was decided tq 
make specimens of sections of cables that were 
statically balanced so that they would qpt pull ec-* 

’ centrically. The section should, however, be unsym- 
metrical about the horizontal 5 axis of the cable and 
at the same time be 5 unsymmetrical for successive 
sections along the cable; in other words, the section 
should simulate those characteristics which seemed 
to interfere with vibration in the wire-wrapped cable. 

It was evident that as uniform an eddy action could 
not be expected over a length of these-special cables • 

as appears to be the case with standard cables or * 
round rods, with a consequent reduction of tljp power 
input from the wind. 

Laboratory Work * 
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3-STRAND 


« 


4-STRAND ^-STRAND 


II 


, TWISTED CABLE 

(STEEL CORE MAY BE INCLUDED) 





ROPE LAY GROUP STRANDED CABLES 
(STEEL CORES MAY BE INCLUDED) 




a,b,C,d CABLES WITH VARYING 
DIAMETER STRANDS. STEEL 
CORES MAY BE INCLUDED 


LIGHTNING ffoD GRi 
(STEEL CORES MAY BE 


INCLUDED) 






PART SECTION OF A 
CARLSWERK CABLE 


> Fig. 4 . , Desirable crojK-sectiohs for cables and 
, exposed to light winds 


HoyfcithER 1932 


Experiments to determine the effect* of different 
cable cross-sections, and the amplitude 6f vibration, 
based upon the foregoing assumptions, were carried 
out in the hydraulic laboratory of the University of 
Toronto. Experiments and methods used by Doctor 
Thoma were followed quite closely* water being 
used as a medium. Specimen conductors of various 
peculiar shapes were tested at 5 different velocities 
of water ranging from 4 to *7 in. per sec. The speci-, 
men was fastened to a flat steel strap 1 in. by l/ 32 »in. 
and 5 ft long. This strap was,used in preference 
to the elastic steel rod which Thoma used, as it re-, 
stricted most effectively any movement in the di¬ 
rection of the. flow of water. A light pointer at¬ 
tached to the strap traced the wave motion on aP 
smoke chart attached to,the drum of avibrograph. 

* The specimens were divided into 5 groups, each 
group having a circular sample as a standard of«cota- 
parison; Projected, dimensions, or effective diame¬ 
ters, of all the spspimens within each group were 
approximately the s$me, the object being to obtain 
the same frequencies of vibration. In order that 
the vibrating system in each group should be as 
nearly as possible the same, the specimens were^made 
equal in weight and Witlv centers of mass at the* same 
point as that of the standard. 

Adjustment for resonance was brought about by 
varying the length of the strap between the specimen 
and the clamp until the m^xhnum amplitude of 


797 



* 


• • 


vibration of the strap Was obtained. Other sections 
in thh # corresponding group were treated similarly. r 
That the require4 similarity was obtained was evi¬ 
denced by the- jfact that in each group adjustment 
for fundamental resonance of the various samples 
was negligible and was seldom necessary at all so 
•that the natural frequencies of, the systems were 
approximately identical. 

Owing to variations in the speed of the smoke 
chart, no" &xact check of the observed frequencies 
could be made, but the fact that no important ad¬ 
justments were required within the groups indicates 
that approximately identical frequencies were ob¬ 
tained in each case. In any case, the final purpose 
of the experiments was to derive qualitative rather 
than quantitative results. The design of specimens 
giving the same vibrating systems within each group 
*-^i. e., having the same mechanical 0 impedance) per¬ 
mitted the use of ^vibration amplitude as a measure 
of the relative damping. 

"Conclusions From Hydraulic Experiments 
* 

•ft 

Qualitatively the following conclusions may be 
drawn .from the experiments just outlined, pending 
more practical experiments using air as a medium: 

1. As evidenced by the charts shown in Fig. 2, it may be seen that 
so far as hydraulic experiments are concerned, the twisted triangular 

* section most satisfactorily overcomes the tendency to vibrate. 

2. It can be noticed also that practically all the sections tested 

* decreased the amplitude by at least 50 per cent compared with the 
round rod (Fig. 3). From the results, it would seem advisable to 
constructs cable having approximately a triangular cross-section. 
Fig. 4 shows a series of cable sections derived from the basic sections 
tfcat in the laboratory evidenced a considerable reduction in ten¬ 
dency to vibrate. 

3. If fhese special triangular and rectangular sections prove im¬ 
practicable in c^ble£, they still may be used in outdoor buses where 
difficulties of tins nature may arise in the future. 

* 

Future Investigation Work 

r> 

Upon the basis of these tests and the conclusions 
drawn, the following points are proposed or suggested 
for future investigation: 

1. *At present special cables approximating triangular cross-sections 
have been made and are being strung in air to see how closely the 

''hydraulic experiments simulated practical conditions. Three sec¬ 
tions have been suggested: (1) the ordinary 3-strand cable'*which 
was casually observed in .the West as being comparatively free from 
^vibration; (2) a 9-strand cable made up of 3 strands of 3-strand 
"cable with rope lay; and (3) a special 9-strand cable using 2 sizes 
of strands, the 3 larger strands so placed n the outside layer as to 
give approximately the desirable triangular effect (Fig. 5). The 
Special rope lay cable introduces a feature which may be of great 
importance. Due to a characteristic of the stranding, air-gaps that 
wifi, not collapse under tension have, been introduced. The presence 
of these air-gaps may serve to upset further the sequence of eddies 
behind the cable. 

2. Acting conjointly with so-called "stiction” and "interstrand 
friction,” the elastic properties of the individual strands of a standard 
cable will tend to modify the vibration v Investigation should be 
made with the object-of segregating these and to determine the 
comparative importance of the damping" in each case. Does inter- 
stritrid friction absorb any energy at all at the comparatively long 
radii of curvature found in conductor vibration phenomena? 

3. Experiments should be carried out to verify the following pre¬ 
dictions made for 2 cables, (l}6 x 0.2108, Yx 0.0705, 266,800 cir mils 
A.C.S.R. “Owl”; and (2) 30 x 0:1050 7 x 0.1059, 336,400 cir 
mils A.C.S-R. “Oriole.” An attempt was made to predict mathe¬ 
matically the characteristic dimensions of vibration in these two 
cables and to balance energy input against energy dis^patgd, the 
remainder of the energy doing work on the cs&le at points of dis¬ 
continuity, such as clamps. pMany assumptions had to be made. 


Initial attempts at measurements in the held were unsatisfactory* 
and this work was temporarily abandoned. , 

4. A determ nation of the actuating force, per foot length of cable 
should be carried out. This could be done in a suitable wind tunnel 
with adjustable elastic supports >for the specimen unfier test. 


Practical Difficulties 


• * 


There are many objections to any departuresffrom 
standard cables sucl^ as are indicated by these ex¬ 
periments. It is hoped therefore that so far as vi¬ 
bration is concerned the proposed sections will" dis¬ 
play new properties which in some cases at least 
will outweigh practical difficulties, such as standardi¬ 
zation-. - . . 

Some of the possible objections to some of the 
cross-sections proposed are that the electrical losses 
may be increased to some extent; the increased 
diameters would account for greater wind pressures 
and sleet loadings; difficulty would be experienced 
in making joints. In addition, 2 sizes of strands in 
1 cable would be a digression from the standards, 
and if more than 1 pass through the stranding jna- 
chine be required on account of these various sizes 
of strands, the cable cost would be increased. 

Discussions and studies of these details are de- * 
fferred until there is an opportunity to confirm in a 


Fig. 5. Most practicable 
cable cross-sections for 
suppression of vibration 



* 


ROPE LAY GROUP 
STRANDED 'CABLE 




TWO CABLES WITH VARYING DIAMETER STRANDS 

C* 


practical way that the 'Vibration amplitudes are 
suppressed in air, as they have been found to be jp 
water. * 

© •' . . \ 
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Single-Phase 

Short-Circuit Torq ue 

** 

‘the analysis of synchronous machines pre¬ 
viously published by Doh*erty and Nickle 
is expanded in this article to include the 
calculation of torque,due to single-phase * 

# short-circuit. The torque .is expressed 4s 
. the sum of odd and even harmonic series 

which are simply related to those pre¬ 
viously derived for the armature current. 

The effect of amortisseur windings also is 
taken into account. As an illustration of 
the application of the equations/ the short 

* circuit torque is calculated for a 100,000 
kva*generator/ 
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rXPRESSIONS for the single-phase* 
short-circuit torque of a synchronous machine may be 
derived from previously published equations for 3- 
phase short-circuit torque and for single-phase short- 
circuit currents. These previously published equa¬ 
tions are given in a series of articles by R. E. Doherty 
and C. A. Nickle (namely, Synchronous Ma¬ 
chines— I and II, A.I.E.E. Trans., v. 45, 1926, p> 
912-42; Synchronous Machines— III, A.I.E.E. 
Trans., v. 46, 1927, p. 1,-18; Synchronous Ma¬ 
chines— IV, A.I.E.E. Trans., v. 47, 1928, p. *457-92; 
Synchronous Machines— V, A.I.E.E. Trans., v. 49, 
1930, p. 700-14) particularly on “Synchronous Ma¬ 
chines—IV” which gives expressions for tile currents 
resulting from single phase short circuits. 

As the present article is based on the theory and 
equations developed in “Synchronous Machines— 
TV,” the simplifying assumptions^made therein are 
necessarily used here. The most importantr>f these 
assumptions are that : 

1. Saturation is negligible. 

2. The open circuit voltage is sinusoidal. , 

3. Armature and field resistances are negligible except in determin¬ 
ing decrements* • 

4. The short circuit occurs at no load. 

5. Synchronous speed is maintained during short circuit. „ 

Based upon "Single-Phase Short-Circuit Torque of a Synchronous Machine" 
(32-72) presented at the A.I.E.E. summer convention, Cleveland, Ohio, Tune 
2 M 4 , 19$? 4 * . * , • 

November 1932 ♦ 


Throughout the article all Quantities are expressed 
•in the per unit system unless otherwise noted; and 
instantaneous values of voltage, current, mmf, flux 
linkages, and torque are used. .* . 

General Procedure 

, The synchronous* machine is considered as having 
a main field winding in the direct axis and amortisseur 
windings in both the direct and quadrature axes, thus 
introducing both subtransient and transient re¬ 
actances. The general procedure employed in “Syn¬ 
chronous Machines—IV” is used to determine 
armature current and rotor excitation, except that 3- 
phase line-to-neutral reactances are used in place of 
single phase static reactances. 

The values of the armature current and mmf , 
before the effect of the decrements is appreciable, are_ 
determined by the open circuit armature voltage; e 0 ,„ 
the position of* the rotor when short circuit occurs, 
and the subtransient reactances. The armature 
mmf is resolved into components over the direct and* 
quadrature axes and is expressed in terms of odd an d 
even harmonic series. The fundamental of the odd 
series current induces a transient direct current in tjtie 
direct axis rotor circuits; all other harmonic com¬ 
ponents induce alternating currents in the Tutor 
windings. Consequently, on short circuit the d-c 
rotor excitation is increased from the value existing* 
just before short circuit to a new value which includes 
a component induced in the 2 direct axis rofor wind¬ 
ings by the armature current. The decay of the 
induced d-c components of excitation and thdt of the 
odd series component of the armature current are 
determined by the decrement factors of the .rotor 
windings in the direct axis. * 

It is assumed that the decay of th£ 'unsupported 
rotor excitation may be represented with sufficient 
accuracy by 2 decrement factors, one applying to the* 
decay of induced direct currents in the. amortisseur 
winding, and the other applying to the decay of that 
part of the d-c component of field current which the- 
exdter does not maintain. The “rotdr linkage fac¬ 
tor,” F } represents the total rotor linkages at any 
time after short circuit, as a fraction of *the rotor 
linkage just before short circuit. The following* 
equation gives Fas a function of time, in terms of 
machine constants: 

P _ Xd ~f~ A?2 I (Xd *4* X%) (pCd — Xd ) _,, , 

* Xd + *2 (xd + X2) (Xd' + # 2 ) * ' 


• » 


where 


Xd 1 — Xd" 
Xd' +^2 


e-y 


( 1 ) 


Xd 
Xd' 
Xd" 

Xt 


= direct axis synchronous reactance 
= direct axis transient reactance 
— ■ direct axis subtraifeient reactance . . 
= quadrature axis subtransient reactance 
negative sequence reactance 


yf x/xg* 


or/ - = the decrement for the unsupported linkages in the main field. 


■with the armature short-circuited single-phase 


Xd + Xt , 
Xd ' + Xz 


<To' = the decrement for unsupported neld linkages with the arma¬ 
ture open circuited * . * * 

or/* ■ = the decrement for induced direct currents in the amortisseur 

omsingle phase short circuit = — .- faj 1 - ^ cr, y 
« Xd w -r Xa) 

••••’■ • • •: v. 

• * . 
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«r»" = the amortisseur winding decrement for 3-phase short-circuit 
at the^nachine terminals , r 

(Since in the per unit system time is measured, not in seconds, but 1 * 
in electrical radians traversed at the normal frequency, /, the decre¬ 
ments above are 1/(2wj) times the reciprocals of the respective time 
' constants in seconds r) 

* The. linkages in the short circuited armature 

• winding are maintained, at the instant just after 
short circuit, by ,±he induced d-c component- of. 
armature current. These linkages must decay with 
the d-c component of armature current. For con¬ 
venience, an “armature linkage factor,” A, is intro¬ 
duced. It represents the linkages of the short 
circuited armature winding at any time after short 
circuit as a fraction of the maximum linkages of that 
winding before short circuit. As shown in “Syn¬ 
chronous Machines—IV,” the even series compo¬ 
nents of armature current and the odd series com¬ 
ponents of rotor excitation are proportional to the d-c 
..component in the armature, so that their decay is 
also represented by the armature linkage factor, A . 

r The expression for this factor is 

A = e* 

where 



o - 

V COS OL 


( 2 ) 


<r« 


*_ 3t* 2 + 1) 


Xq 


k = 1, for line-to-neutral short circuit 
k = V3, for line-to-line short circuit 
r « the per unit, armature resistance, line-to-neutral 
a - angular portion of the direct axis at the instant of short 
circuit, measured in the direction of rotation from the axis of the 
armature winding. 

Inserting the armature and field linkage factors A 
and F, respectively, in equations which are given in 
“Synchronous Machines—IV,” the armature current 
at any time ^ter single phase short circuit may be 
expressed in finite trigonometric form, as follows: • 

*' = {—)_ - 3 - (3) 

where * 

r . 

e„ = armature voltage before short circuit 

H W (x/ + Xq") 4- (Xd tt — Xq") COS 2 (t + a.) 

The equivalent Fourier series expansion is: 

. 2&F 


linkages . 

_ _ S^CFcos t ~ ^)sh t 0.438 (Fcos t — A) 2 sin 2 / 
torque - H - ]p-- 

= 5.25 FA bin t + 0.669 sin 3 t -jr 0.249 sin 5 1 + ....) 

(3.21 F 2 + 1.92 A* ) (sin 2 1 + 0.446 sin 4 1 + 0.149 sin 6 1 + . . .) 
F = 0.449 + 0.4176~ # - OOS1 * + 0.1346- 0 - 0 ® 9 * 

A = j-o.oss t 

H = 0.515 - 0.219 cos 2 t 


components of armature current and rotor excitation 
in the direct and quadrature axes. ^Xhe expression 
in finite trigonometric form is 

t _ 2e 0 2 F[F cos (t + a) — A] sin (t + a) , 

* Jj — + 

- 2eo 2 (xd" — x q ") [F cos (/ 4~oQ — A *| s sin 2 (t + •oc) . 

~ Jp~ ■ (5) 

For the case of zero initial armature linkages, a = 
t/2 and the above expression reduces to 

2e<?x q u F* sin 2/ 

( 6 ) 


T = 


ip 


„ The, torque, expressed as the sum of odd and even 
harmonic series, is • 

n ' a 


T = 


e Q * r 


x 2 + x/ 


[f 2 


X 2 


X2 4" Xd 


v4-^ 2 


n —1 

2 FA V' rib 2 

»-l,3, . . 

X 2 — Xd 


X 2 


E 

1 . 8 , 

-] 2>“Ai 


sin n(t 4- a) — 
sin »(/ 4- a) (7) 


_ n eg A __ 

2k |_#/ 4" Xz 1 x% 


i 

r 


(4) 


where 

O = odd series 


JB 


(#/ 4- *a) cos (t + a) 

H 

m cos (/ 4* a) 4" J cos 3 (t -j- ex) 4* b 2 cos 5 (* + a) 

n—l n 

b 2 cos n (t 4- a) 

2xi 


Summary of Results 

The per-umt single-phase short-circuit torque is 
■ 2FAe 2 

7—nr {sin (t + cc) 4- 3& sin 3(£ 4- «) 4- 
• 56 8 sin 5(t ■+■ a) 

X2 


T = 


«o 2 fp, 
~ r~ TT ~ F 

“T Xd tt |_ 


X 2 + 

A 9 % “ Xd 


x% 4" Xd 


T 4- 


even senes = 


H 


1 4* 2b cos 2(t 4- a) -f- 2 b 2 cos 4 (C + a) 4* 


= 1 4- 


2& 2 cos n(t 4- a) 


»” 2,4,. 


_ y/x<£ — s/x d" _ X% — Xd* „ r 

y/xq 4- y/x/ *2 4- */ 

•• *...*. ... *. • n * ■ . . 

The short circuit torque is expressed in terms of tiie 






" * 

— {2 sin 2{t 4“ ct) -|r 46 sin 4(2 -4- a) 

^ J + 66 2 sin 6(^ + «)>f . . 4 : (8) 

Frorn^ an inspection of this equation it appears 
that the odd harmonic components of torque are due 
to the interaction of rotor and armature magnetic 
fields and that these components disappear as the 
’ trapped armature linkages die out. For the case of a 
short circuit With zero initial armature* linkages no 
odd harmonic torques are present. 

part of the even harmonic torque is proportional 
to the square of the armature linkages send this part 
disappears when the subtransient reaetance&m the 
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(direct and quadrature axe’s are equal. This may be 
considered as a “reluctance torque” due to the varia¬ 
tion in the permeance which the rotor offers to the 
trapped armature flux. Likewise, the part of the 
torque which is proportional to the square of the 
rotor linkages is due to the variation in the permeance 
which the armature offers to the rotor flux. 

It interesting^to note that immediately after a 
short circuit with maximum armature linka ge’s, the 
maximufh value of second hanhonic torque due to 
• the field linkages alone is x 2 /(x 2 -f x'/) .times the 
maximum fundamental torque, while the mavimntn 
value of second harmonic .torque due to armature 
linkages alone is (r 2 — Xi")/x 2 times the maximum 
fundamental torque. The maximum value of* total 
second harmonic torque just after a short circuit 
with maximum armature linkages is (2x g " — x /)/-. 
(x/ + * 2 ) times the maximum value of fundamental 
tdhjue. This ratio varies from 0.5 for x/ == x q ” to 
1.25 for x/ — 0.2 x q ". Thus the maximum values of 
fundamental % and second harmonic torque are of 
comparable magnitude just after short circuit. 

• • . 

. Since the armature linkages eventually disappear, 
the steady state torque is made up entirely of even 
harmonic components. 

* 

Example of Caeculations ' 


ence of trapped armature linkages, since with no 
gumature linkages the apeak value of torque is only 
4 times normal. • * • 

The trapped armature linkages atfe also responsible 
for all odd harmonic components of ’torque. Fig. 2 • 
shows that with no trapped armature linkages the • • 
torque is made up entirely of even harmonics and fn . 
Fig^l it is seen that'the odd harmonics decay gradu¬ 
ally so that the torque curve approaches that of 
Fig. 2. ' .. 

It appears from the eqs 5, 6, and 7 that the. shojt 
circuit torque is the same for line-to-line and line-to- 
neutral short circuits. This is exactly true for an 
ideal machine and is true for actual machines pro¬ 
vided that Xq/2 is negligible in comparison, with x/ 
and x” (xq = zero sequence reactance). Although 
the armature currents resulting from the two types 
of short circuit of an ideal machine are different, _ . 
the armature mmfs are the same. • ' . 

The consideration of machine looses would some- * 
what modify the torque as calculated in this article. • 
The correction for losses can be calculated ap- » 
proximately in a given case, but this qpfrecticm is 
generally small enough to be neglected. 


To illustrate the use of the formulas developed, 
numerical results have been calculated for a 60-cycle 
testing generator rated at 100,000 kva. The per 
unit constants of the machine, as determined by test, 
are as follows: 


Xd — 0.615; 
Xq — OT. 412; 
<r a ™ 0.025;. 


*/ - 0.207; 
x 9 ' = 0.412; 
< 7 / - 0.0021; 


Xd 

Xq" 


- 0.148 

• 0.367 

= 0f4)69 

• • 


Motorized Pumps 
for Fuel Oil Trucks 


(xq = quadrature axis synchronous reactance; Xq- = * quadrature 
axis transient reactance) * 

* • 

Hence = 0.233; b — 0.223 

Figs. 1 and 2 show the line-to-line short-circuit 
torque with maximum initial armature linkages and 
zero initial armature linkages, respectively, as com¬ 
puted from the formulas derived. 

From the standpoint of mechanical design of the 
machine and its foundations, the condition which * 
gives maximum torque is the most important It is 
evident that for this purpose it is sufficient to con¬ 
sider the torque with maximum initial armature 
linkages. In the case of the machine considered, 
the peak value of torque under this condition is 
nearly 12 times full load torque. It is t<* be noted 
that this high peak value is largely due to the pres- 
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Fig. 2. Single-phase short-circuit torque of ' a 
100,000-kva alternator, zero initial armature linkages 


Torque = 


0.734 F* sin 2/ 
h 3 


= 3.21 F 2 (sin 2 1 - 0.446 sin At + 0.149 sin 61 
’ ? =* 0.449 + 0.417 «“ 0 - 0081 1 + 0.134e “°- 06# t 
; • H = 0.515 + A219 cos 2 1 
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INCREASING popularity .of modern 
oil burners for heating purposes has resulted in a. 
greatly increasing demand for fuel oil. Distributioit 
of oil suitable for heating always h#s been a perplex¬ 
ing problem for this heavy oil must t^e pumped froin. 
the delivery vehicle to the customer’^ tank, even" 
though the tank is below the level of the vehicle. • 
The delivery problem has been somewhat simpli¬ 
fied and the delivery time greatly reduced by the * 
Suburban Fuel Oil Service, Inc., Mount Vernon, 
N. Y., by replacing the mechanical pump drive with 
an electrical drive on one of its trucks, a 21-ton 6- * 
w^jeel tractor-trailer type with a capacity of 3,000’ 
gal. Originally the centrifugal pump with which. 
this truck was equipped was mounted on the tractor; 
it was connected directly Iso a 4-speed power take-off 
off the transmission of the truck. In making .a 
delivery 2 hoses had to be connected necessitating 4 
hose connections in all. • 

In making the change to electrical drive, the pump * 
.was removed from the tractor and placed next to the 
tank on the left underside and is now driven through 
a silent chain drive by a 3-hp shunt motor. On the 
tractor the power takq-off shaft was extended and, by 
means of a heavy duty silent chain, now drives a 3-hp 

____ ■ • > • 

Prepare^ especially for Electrical Engineering from information contributed 
by Mark W. Copeland (M’31) consulting engineer, Westchester Sign Display 
Company, Bronx, N. Y.. ' 
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DELIVERIES PER 300Q-GALLDN LOAD 


shunt generator. A Small V-rhp compound-wound 
generator mounted near the main generator and 
driven by the power take-off shaft with a V belt, 
supplies constant field current to the motor and, 
through a specially designed rheostat, supplies 
• variable field current to the generator. This rheo- 
. slat provides the only control necessary both to start 
and stop the tyotpr, and to vary the pump speed 
from about 15 to 375 rpm, its maximum rated speed! 
For the 1 ‘off” position this rheostat circuit is simply 
opened, the armatures of the motor and generator 
being solidly connected together through a circuit 
breaker! With this arrangement but small currents, 
rarely exceeding 1 amp at 220 volts, are handled in 
the control circuit. Meters are provided to indicate 
directly (1) load in per cent of motor capacity, 
(2) pumping rate in gallons per minute, and (3) 
„ generator speed; the meter dials are illuminated for 
. night operation. 

Curves in Fig? 2 show delivery time before and 
'after the pump was equipped for electrical operation; 

<* these arejDn the basis of 3,000-gal loads, with the 
putfiber of -deliveries per load plotted ag ains t time 
required for making hose connections and for pump- 
ing. In addition to the reduction in delivery time, 
the number of hose connections per delivery has been 


Transformers 


With 


Peaked Waves 


• • 


Special purpose transformers now can* be 
built* to'provide a secondary voltage'wave; 
less than 2 electrical degrees wide from a 
sinusoidal primary 'voltage source. The 
construction of Such a transformer and some* 
of its uses are described in this article. 
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NE OF THE MOST RECENT 



reduced from 4 to 1, the only connection necessary ^ developments in transformer designs that of a trans- 
emg^ that to the customer s tank. The truck has former with an extremely narrow secondary voltage 
been in operation 24 hr per day for the past 8 months, wave. A peaked secondary voltage wave trans- 
without one ^failure. It is said to be the first and former may be defined as a transformer providing 
only truck equipped for pumping oil by this method, a narrow secondary voltage wave from a sinusoidal 
« primary voltage, source. The minimum width of 

wave thus far obtained is between 1 and 2 electrical 
degrees measured at y 8 of the maximum amplitude. 
p However, the transformer can be designed for almost 
e any width of wave above this value up to a limit of 
approximately. 90 electrical degrees* These trans¬ 
formers have .been produced during the last few 
years and are now available for commercial applica¬ 
tion. * 

Transformers of this type originally were designed 
and developed for stroboscopes in 1927 by C * A 
Niekje (General Electric Company, Schenectady,' 

,',¥')• m *928 they were applied to thyratron (a 
g? d controlled mercury vapor tube) inverter circuits.. 
oince that (time these transformers have been fo un d 
to serve very well as component parts of freauencv 
meters and tachometers.* • 

Design of ’these transformers is somewhat different 
from that for other transformers. One of the vexing 
problems during the past with saturated type trans¬ 
formers has been the inherently high primary burden 
required .from the supply source. This has been 
partially overcome by the present method of con¬ 
struction and the selection of material. 

It is quite possible to obtain the required secondary 

W T by T? di ® e , rent methods of construction; 
but the most, desirable method from the manufac¬ 
turing point of view is that shown by Fig. 1. Before 
proceeding with the details of construction and opera¬ 
tion, however, an explanation should be* made of the 
fundamental object in the design, it is desired to 

• • • ' 
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Pig. 1. View of electrically driven pump showing 
method of mounting 
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• * DELIVERY TIME IN MINUTES 

Fig. 2. Oil delivery Jim* (No. 3 oil) before and 
after pump was equipped for electrical operation 
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SECONDARY F*ER MALLOY 
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ZMM 


MAGNETIC 
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V VQJLTAGE 
SOURCE 



Fig. 1. Construction details of a transformer for 
* peaked secondary voltage waves * * 

saturate the secondary core section to a certain 
degree depending upon the required width- of sec¬ 
ondary voltage wave. With this condition the core 
section for the primary winding should not be 
saturated. Tfe produce the peaked secondary volt¬ 
age the secondary core material must possess a very 
. steep magnetization curve below the knee, and be¬ 
yond the knee it should be as nearly a horizontal 
line as possible. Permalloy (an alloy of nickel and 
iron) properly heat treated satisfies these require¬ 
ments best. • • # . 

In the type of construction shown iq Fig. 1, the 
main core is comprised of the economical type of 
“E” punchings; these punchings are made from 
regular silicon steel, a material which can be operated 
at a flux density just below saturation. The primary 
coil is assembled onto the center leg of the core. 
Laminated magnetic shunts of the proper crbss-sec- 
tion and length to permit a low reluctance are placed t 
in each “window” between the primary, ana* sec¬ 
ondary coils. It is necessary that these shunts be of 
proper dimensions so that they will "pass all of th£. 
flux not forced through the permalloy secondary core 
section for reasons explained later. In attempting 
to obtain the narrowest waves, permalloy strips 0.014 
in. thick originally were used; these were placed 
across the open end of the “E” punchings. Later it 
was found that for a given cross-section of ; permalloy 
0.0045-in. laminations produced a narrower wave* 
than laminations of 0.014-in. thickness.* However, 
unless an extremely narrow wave is essential lie 
0.0045-in. material should not be used, because of its 
tpore delicate and expensive character. , 

By making its cross-sectional area* much less than 
that of the silicon steel, the permalloy core section 
must become saturated very quickly, providing the 
silicon steel section is operating at a density, just 
below the knee of its magnetization curve. Since 
the magnetization curve for permalloy is quite 
flat after saturation is reached it is possible «to keep 
the zero portion of the secondary voltage to a straight 
line. This portion of the wave must be held to zero 
throughout the entire period of time between alter-. 
hate secondary peak waves, in order to meet the re¬ 
quirements of certain practical applications *of the 
transformer. , 

Pirom Fig; 2 it can be seen that the width of the 
secondary voltage wave is dependent upon the * ex- 
J&t of magnetization of €he permalloy core sec^on 
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or upop. the amplitude of th«f secondary flux wave 
During the saturated period there is* no 
change of flux; consequently, the secondary voltage 
must be 0 during that period. The. flux changes 
rapidly from the positive saturated Condition to the 
negative saturated condition producing a peaked * 
voltage wave, which^is equal in width to the angle (3. . 
P the air-gap be too*large or the g^cojidary coil build 
too high, there will be a fringing of flux through the 
coil; this flux cannot pass through the *permalloy 
because of its saturated condition. As a result the 
peaked voltage will contain a superimposed sine 
wave component voltage, the amplitude of which 
possibily could be a considerable fraction of the maxi¬ 
mum amplitude of the peaked voltage wave. Ob¬ 
viously, it is advisable to avoid this component. 

Extremely narrow waves could be obtained more 
easily by using a primary flux wave having a flat top _ 
and very steep sides; this is because the flux changes . 
more rapidly in* a wave of that sort than in a sine * 
wave. Such a flux wave could be obtained by using * 
an additional transformer between the source of • 
supply and the peaked voltage transformed. * , 

Wave shapes of the peaked* voltage transformers 
have decidedly good features Such as steep sides, flat 
top, and a straight line zero portion. As one*might 
expect, they do not take the shape of a “saw tcfoth” 
or of a wave having a form factor of approximately 
1.6. The true shape can be seen from Fig. 2, and 
from actual oscillograms reproduced in Fig. 3. Varia¬ 
tions in the supply voltage alter the widtE of the 
wave but slightly. 

The burden taken by a transformer * haviri£ a 2° 
wave required Only 0.15 amp exciting current and 1.5 
watts at 110 volts and 60 cycles; if necessary,.even 
this small burden can be reduced. •Characteristic 
curves for a typical transformer underMsferent con¬ 
ditions are shown in Fig. 4. 


PRIMARY, 

VOLTAGE 


PRIMARY 

FLUX 


SECONDARY 
“ VOLTAGE 


“U_ 

Ve A 


/SECONDARY 
' FLUX 


Fig: 2. Voltage 
relations in tne 
^peaked-voltage* 
transformer 


Fig." 3. (Beldw) 
Oscillograms of 
the transformer * 
secondaryvoltage* 



l OOr-volidO^cycle waves approxiniately 3 ° wide (left) and 10 
wid£(right) at naif maxiiium amplitude 


• ' . •* . 


*803 


ft* 










Recognition should be given to B. D. Bedford 
(General Electric Company, Schenectady, N. Y.) for 
his original work on this type of transformer and for 
his valuable suggestions during the development. 

Uses for the Peaked Voltage Transformer 

A 

As mentioned previously, one of the earliest-ap- 
plications of the peaked secondary voltage wave 
transformer was in inverter circuits using the grid- 
controlled mercury vapor tube. A peak voltage is 
essential for excitation circuits of this tube for several 
reasons ? 

1. In certain drepits peaked excitation causes the phase position 
of the initial excitation to be independent of the time the switch is 
closed. 

2. In many tube circuits the excitation period must be short. For 
_ example, in inverter circuits the excitation period of a tube should be 
"“at least as short as'its conducting period. 

3. A very steep wave front for grid excitation has the advantage 
rover other wave forms since any change in grid potential or tube 
characteristics will have small effect on the time of excitation. 

°4. In frequency changers using this tube the low frequency ex- 
c&ation may bePused to turn on and off the high frequency excitation 
by means of a transformer with a peaked secondary voltage wave. 

Since many new circuits for the grid controlled 
mercury vapor tube are being developed continually, 
it is thought that this type of transformer will be 
, used extensively in this field because it can serve as 
an essential component part in many of the circuits. 

A combined transformer with peaked secondary 
voltage and neon lamp furnish the essential com¬ 
ponent-parts .of a good stroboscope. If the viewing 
is done through a narrow slot in the stroboscope 
disk, the width of the fight spot on the disk will be 
dependent upon the width of the secondary voltage 
wave from Jhe supply transformer. The spot will 
be very narrow with the use of a 5 ° voltage wave and 
also very sharp. Synchronous characteristics or the 
phase displacement between 2 voltage waves can be 
viewed readily and conveniently by this method. 

It seems that there, are many applications for a 
"peaked voltage transformer with features for shif ting 
the secondary voltage with respect to the primary 
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Fig. 4. Charac¬ 
teristic curves for 
a typical trans-" 
former for peaked 
voltage 


A—Secondary peak 
volts vs primarylvolts 
B—Width of wave 
vs load resistance 
C—Width of wave 
vs primary volts 
D—Secondary peak 
volts vs load re¬ 
sistance 

Curves A, B, and C 
are for both secon¬ 
dary coils in series; 
Curve D is for one 
secondary coirwith 
jhe other coil open 
(see Fig. 1) 


voltage. This is especially desirable f6r certain tube' 
applications such as frequency converters using the" 
grid controlled mercury vapor tube, and polycyclic 
inverters. Several methods of obtaining the shifted 
peaked voltage haw been used, but the following 
paragraphs illustrate one method which has been 
quite satisfactory. 

Construction similar to that shown in Figr 1 is 
used except that aq. auxiliary coil is added on the 
center leg of the core spaced between the magnetic 
shunts and 2* additional shunts placed next t<3 the 
secondary coils, as shown in Fig. 5. It is possible 
to obtain shif ts in one direction to a maximum of 
135 electrical degrees. Several units were built 
having a 40-volt peaked wave with a width of .ap¬ 
proximately 4°, shifted only 90° away from the 
primary voltage instead, of the usual 180°. Al¬ 
though a small shift can be obtained by connecting 
the auxiliary coil so that its mmf aids that of the 
main coil, the maximum shift is obtained by con¬ 
necting this coil so that its mmf opposes that of the 
main coil, when both are connected^ to the same 
source of supply voltage. Some means qf control 
must be used to vary the auxiliary coil mmf so that 
the desired variation in the angle of shift can be"' 
Obtained. Best results are obtained by using a 
.variably series resistor instead of aff inductor <or con¬ 
denser to vary the amount of current in the auxiliary 
coil. It can be seen that the change of resistance in 
the one circuit varies the voltage across the auxiliary 
coil, and this is accompanied by a change of the mag¬ 
netizing current in the primary coil. Such a com¬ 
bination causes the mmf’s of the 2 coils to be out of 
phase With each other and to produce a fundamental 
n mm£ out of phase with the primary voltage. The 
" perm&Iloy.section of the core of course* conducts only 
the displaced -flux and consequently the peaked 
^Secondary voltfige is displaced accordingly from the 
primary voltage. 

The burden required for such a device is not ex¬ 
cessive. Those units of this type to which reference 
was just made required only 13.5 va at 90 volts and 
50 cycles. With increases in pfiase shift the burden 
is increased, but it is quite probable that for most 
^purposes a shift greater than 90° is not necessary. 
Amplitude, "width of wave, and phase displacement 
of the peaked secondary voltage waves are not 
changed, appreciably by large variations of the pri¬ 
mary voltage. 
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Fig. 5. Construction of peaked-voltage transformer 
with provisions for shifting the, phase relations fcf the 
secondary and primary voltages 
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Of Institute ainj RelateJ Activities 
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Cables, Water Power, . 


Dominate Baltimore Sessions 


o 


F THE 4 regular sessions of the Mid dle 
Hastern District meeting held Oct. 10-13, 
UJ;J2, at the Lord Baltimore Hotel in Balti¬ 
more, Md., one was given over to 4 papers 
dealing: with power cables, one to 3 papers 
concerned with communication cables, and 
2 to the presentation of 6 papers devoted 
to hydroelectric subjects including delivery 
and distribution of power so generated. 
Meeting jointly with the Institute for the 
first 2 (cable) sessions, was the National 
* Research Council's committee on electrical 
insulation which functions under the 
leadership of Dr. J.-B. Whitehead. This 
hitter committee, subsequently held 3 in¬ 
dependent sessions in Maryland Hall on the 
Johns Hopkins campus, but otherwise 
participated in the general activities of the 
meeting. The Institute's board of directors 
also met in conjunction with the meeting, 
as reported elsewhere in this issue. 


Analysis of Attendance at Baltimore 
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Classification. 
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fwfVHthrr*.7ft.».. BO... 33... 18... 18... 198 

M«n Guests.13.. .18... 1... 2... 4... 33 

Women Oueiti.. 6... fl... .• 1.. • 0. • • 12 


Touts. 


. .08...85.. .37...21...22...240 


Registration totaled 240, classified as 
Indicated in the accompanying tabulation, 
a turn-out that paid tribute to the general 
JUitcrest value of the technical program 
’presented by the Baltimore meeting com¬ 
mittee. Further response to the program’s 
appeal was evidenced by the attendance at 
the individual sessions, ranging fronnjL25 to 
ISO, and by the discussions, whijr? were 
distinctly above the average in qt^iivand 
In quantity. The various activities which 
were coordinated during the 3 days of th» 
meeting evidently exerted a favorable in¬ 
fluence upon the attendance from points 
relatively remote from. Baltimore. 


Tbchnical Sessions 
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afternoon, Tuesday morning, and Wednes¬ 
day morning and afternoon as outlined in 
the program published on p. 664 of Elec¬ 
trical Engineering for Sept. 1932. Pre¬ 
siding at these sessions were, respectively, 
Dr. J. B. Whitehead, dean of engineering 
at The Johns Hopkins University, Balti¬ 
more, Md.; J. L. D. Speer, Jr., chief engi¬ 
neer, Chesapeake & Potomac Telephone 
Company of Baltimore City, Md.; A. F. 
Bang, superintendent of operation, Pennsyl¬ 
vania Water & Power Company, Baltimore, 
Md.; and J. R. Baker, operating engineer, 
Pennsylvania Water & Power Company, 
Baltimore, Md. • 

Organized inspection trips provided fpr 
visits to points of timely interest in the 
vicinity of Baltimore. On Monday evening 
a group visited the plant of the Locke In¬ 
sulator Company where, after a brief turn 
of inspection through the factory, a demon¬ 
stration of an interesting and spectacular 
nature was staged in the company’s 3,000,- 
000-volt labo^tory. One of the Tuesday 
afternoon trips incl&ded visits to 2 local 
steam-Slectric generating plants and to 
^he Baltimore tjgnninal substation of 
the Safe Harbor • 230-kv transmission 
system. As fin alternate to this trip, 
othSrs visited the Western Electric Com¬ 
pany’s insulated wire mill and cable plant 
and the nearby factory of the General 
Aviation Company. All day Thursday was 
given over to a trip to the Safe Harbor hy¬ 
droelectric plant of the Pennsylvania Water 
& Power Company* A special car was 
handled on regular Pennsylvania trains 
between Baltimore and Perryville, Pa.> 
then to and horn the plant by a special 
locomotive. Ample time was available for a 
thorough inspection of*the plant and all 
* of its associated structure. Luncheon was 
serve^ at the plant by the power company. 


Entertainment 


Allowing Monday morning, for the con¬ 
venience of late arrivals, for registration, 
mad for a district executive committee 
(reported elsewhere in this issue) 
fjte technical sessions were* held Monday 


presented certificates and pri^eg to W. P. 
Taylor of Baltimore who won both the 
initial-paper prize and the best-paper prke 
for his District for 1931 as reported on p. 

418 of Electrical Engineered® for June 
1932.. Subsequently called upon to ad¬ 
dress the gathering, President Charlesworth 
gave public recognition bf the* work done 
by the personnel of the local meeting com¬ 
mittees, and spoke briefly upon Institute 
• affairs in general. He called attention to 
the fact that the Institute for more than ** 

48 years has devoted its efforts to the • 
furtherance of the ideal laid down by its ^ 
founders in 1884: “the advancement of* 
the theory and practice of electrical en- . 
gineering and of the allied Arts and sci¬ 
ences, the maintenance of *a high profes- 
, sional standing among its members, and 
develbpment of the individual eqgineer.”, 
President Charlesworth also outlined briefly 
the various successive steps in broadening 
the Institute’s services to its members— 
through the formation and development # 
of local Sections and subsequently of 
. Student Branches, and in .recent years the • 
extension of regional activities* including • 
District conventions. Current problems 
came up fob brief mention* too, asthe cited 
the efforts of the finance committee and the 
headquarters staff in attempting to meet 
the rigorous requirements of a substantially 
reduced budget without impairment to the 
Institute’s more importa»t*^ervices to its 
members. President Charlesworth bespoke 
support and cooperation for the national 
officers and the office staff in their efforts to* 
cope with the present situation. Follow¬ 
ing this, Dr. Adolpji H. Shultz, associate 
professor of physical anthropology at The 
Johns Hopkins Univefsify, delivered an * , 

enlightening and challenging illustrated 
lecture, “Man as a Primate,” in which*he 
presented excerpts from a mass of data 
revealing dose similarities between man • • 
and the higher forms of anthropoids, ifot- 
ably the orang-utap, the chimpanzee, and 
the gorilla. . 

Culminating the social activities of the 
Baltimore meeting was the dinner-dance 
hdd at the Lord Baltimore Hotel, Wednes¬ 
day evening. * • 


• '•••■ . 

Entertainment features provided were 
simple in character, but nicely rounded out 
the meeting program. Women guests were 
taken 4 Tuesday afternoon to the United 
States Naval Academy at Annapolis where 
(hey were shown the sights and subse¬ 
quently served with tea at Carvel Hall. An 
informal sight-seeing trip and tea also were 
provided fqr the women Wednesday after¬ 
noon: S v :'"\v. ;..’ vV 

At an informal gathering Tuesday even¬ 
ing, with Dr. W. B. Kouwenhoven, A.I.E.E. 
vicerpresideot for the Middle*Easterh Dis¬ 
trict, presiding, President Charlesworth* 


November 15 Last Date for 
* Suggesting Nominations 


Actions specified in the Institute’s 
constitution and by-laws relative to the 
organization of a national nominating 
cofiynittee are being taken, and the meeting, 
of the mtiqnal*nomina.ting committee for 
the*nominatk>n of officers to be voted upon 
at the election in the spring of 1933 will 
be hdd between November 15 and De¬ 


cember 15, 1932i All suggestions for the 
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consideration of the national nominating 
committee must be received by the secret 
tary of r the committee at Institute head¬ 
quarters, New York, N. Y., not later than 
November 15, 1932. r 


A.I.E.E. Directors 
Meet "at Baltimore 

"A regular meeting of the board of directors 
of the African Institute of Electrical 
Engineers was held at the Lord Baltimore 
Hotel, Baltimore, Md., on Wednesday, 
October 12? 1932? during the Institute’s 
Middle Eastern District meeting. 

Present were: President —H. P. Charles- 
worth, New York, N. Y.; Past-presidents — . 

- W. S. Lee, Charlotte, N. C.; C. E. Skinner, 

, East Pittsburgh, fa. j. Vice-presidents —W. 

W. Freeman, Lexington, Ky.; J. Allen 
"Johnson, Buffalo, N. Y.; W. B. Kouwen- 
hoven, Baltimore, Md.; P. H. Patton, 
r Omaha, Neb.; Directors —L. W. Chubb, 
East Pittsburgh, Pa.; A. B. Cooper, To¬ 
ronto, Ont.; B. D. Hull,' 7 ' Dallas, Tex.; 
A. E. Knowlton, New York, N. Y.; G. A. 
Kositzkf, Cleveland, Ohio; A. H. Lovell, 
Ann Arbor, Mich.; F. W. Peek, Jr., Pitts¬ 
field, Mass.; C. E. Stephens, New York, 
N. Y.; A. C. Stevens, Schenectady, N. Y.; 
H* R. Woodrow, Brooklyn, N. Y.; Na¬ 
tional treasurer —W. I. Slichter, New York, 
N. Y.; Acting ’'national secretary —H. H. 
Henline 7 New York, N. Y. 

The minutes of the board’s meeting held 
August 2, 1932, were approved. 

T A memorial resolution was adopted in 
memory of Dr. C. O. Mailloux, a charter 
member and past-president of the Institute, 
who died on October 4, 1932. This resolu¬ 
tion is publish&d elsewhere in this issue. 

A report of-a meeting of the board of 
Examiners held September 28, 1932, was 
presented and approved. Upon the recom¬ 
mendation of the board of examiners, the 
following actions were 'caken upon pending 
-applications: 6 applicants were transferred 
to the grade of Fellow; 6 applicants were 
elected and 30 were transferred to the 
grade of Member; 38 applicants were 
„ elected to the grade of Associate; 138 
Students were ^enrolled. 

The following resolution was adopted: 

- WHEREAS, death has suddenly removed Colonel 
Basil C. Battye, D.S.O., A.M., Local Honorary 
Secretary for India of the American Institute of 
Electrical Engineers, be it 

-RESOLVED: That the board of directors at its 
meeting of October 12, 1832, places this minute on 
record as an appreciation of the loyal a^d devoted 
service which Colonel Battye gave to the Institute 
as its official representative in India. His thorough 
unherftanding of conditions in India, and bis able 
judgmOdt have served as an unfailing guide to our 
board of examiners through many otherwise per¬ 
plexing problems. 

C 

The resignation of George A. Mills as a 

vice-president of the Institute, representing 

the South West District, on account of his 

' removal from that District, was presented; 

and Stanley Stokes, consulting electrical 

engineer of the Union. Electric Light and 

Power Company, St. Louis, 'Mo,, ,ana a 

Fellow of the Institute, was elected vice- 

president of the Institute for Mr. Mills’ 

unexpired term, ending July 31, 1934. 

- ^ 


The following members of the Board of 
Directors were selected to serve on the 
national nominating committee for this 
year: A. B. Cooper, A. E. Knowlton, W. S. 
Lee, A. C. Stevens, and H. R. Woodrow. 

The Institute’s representative upon the 
joint committee of engineers and architects 
was discharged, report having been made 
of the completion of the committee’s work. 

A report wa* received from, Chairman 
F. B. Jewett of the Institute’s committee 
on Iwadare Foundation, to the effect that 
the committee had arranged for Dr. JFrank 
J. Sprague, a past-president of the A.I.E.E., 
to lecture in Japan this fall under the 
Iwadare Foundation. 

Institute representatives were appointed 
as follows: 

On Standards Council, American Standards 
Association.—A. M. MacCutcheon, was reappointed 
a representative for the 3-year term beginning 
January 1, 1833, and H. H. Henline and E. B. 
Paxton were reappointed alternate representatives 
for the calendar year 1933. H. S. Osborne was 
designated as the chairman of the Institute’s 
representation on the standards council. 

On Engineering Foundation Board.—Past-president 
C. E. Skinner was reappointed for the 3-year term 
beginning in February 1933. 

On Library Board, United Engineering Trustees, 
Inc.—W. A. Del Mar was reappointed for the 4- 
year term beginning in January 1933. 

On Board of Trustees, United Engineering Trustees, 
Inc.—President H. P. Chgrlesworth was reap¬ 
pointed for the 8-year term beginning in January 
1933. 


The following actions were taken upon*, 
the recommendation of the standards com- „ 
mittee: 

Approved a revision of Section 4-102 of A.I.E.E. 
Standard No. 4, "Measurement of'Test Voltages in 
Dielectric Tests,” as suggested by the committee on 
eleeffcical machinery. 

^Approved a revision, proposed by the committee 
on electrical machinery, of Ari.E.E. Standard No. 

13 on "Transformers, Induction Regulators, and 
Reactors,” and referred-st to the sectional- com¬ 
mittee on transformers being organized under the 
sponsorship of the electrical standards Committee 
of the American Standards Association. 

Adopted a recommendation in favor of a proposed 

• revision of the present A.I.E.E. Standard No. 14, 
"Instrument Transformers,” for reference to the 
sectional committee on electrical measuring instru¬ 
ments which is being organized under the sponsor¬ 
ship of the electrical standards committee of the 
A.S.A. _ , 

Approved, $s a joint sponsor, the revised "Cede 
for Protection Against Lightning" as prepared by 
the sectional committee on that subject. 

Granted permission to the TJ.S. Department of 
Commerce to publish the A.I.E.E. standards ify 
the Encyclopedia for Standards and Specifications. 
Granted permission to the Asociacion de Ingenieros 
del I.C.A.I. to reprint the Institute standards in 
the Spanish language. a 

A resolution was adopted decreasing the 
numb er of meetings of the board of directors 
during the year beginning October 1, 1932, 
in order to reduce expenditures for traveling 
expenses; meetings of the executive com¬ 
mittee to be substituted at the discretion of 
the president. In line with this^ action 


A 4-Ton Coreless Induction Furnace 


INURING the fall of 1931 a 4-ton coreless furnace capable of melting 40 to 60 tons 
per day was put in operation in the Chicago district. This is almost double the size of any 
coreless melting furnace previously installed. The main purpose of the furnace is to melt 
low carbon stainless steep scrap, also ferro-alloys for addition to larger furnaces, and metal 
for ingots of high quality tool steel and other alloys. The coreless induction furftace is 
essentially an air transformer whose primary is a single helical layer of water cooled copper 
tubing, and whose secondary within the coil is a conducting mass constituting the charge 
to be melted. Induced currents circulate in the outer part of the charge, and thereby 
heat it. The furnace, tilted for pouring, is illustrated on the left, and the 1,000-cyde motor 
generator set is shown on *he right. The use of structural steel in the construction of the 
furnace is more extensive than in any previous installation. Another distinguishing feature 
of this installation; is the carrying of 12,000 amp at 1,000 cycles by means of water cooled 
dnbing interlaced to Cut down inductance! -• " » 
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it was voted that the December meeting 
of the board be omitted and that the next 
meeting be held in New York, in January, 
during the Institute’s winter convention. 

Also becau^l of economic conditions, the 
board voted to omit the publication a 
Year Boor in 1933 and to omit the cash 
prizes for papers presented in the calendar 
year 1932, except the District prizes for 
Branch papers; the certificates for all prizes 
to be issued as usual. # 

A budget, for the appropriation year of 
the Institute beginning*October 1, 1932, 
submitted by the finance committee, was 
adopted with minor revisions. 

The board adopted a resolution of con¬ 
gratulation to the local meeting committees 
upon the excellent results of their efforts in 
connection with the Middle Eastern Dis¬ 
trict meeting of the Institute, held at Balti¬ 
more, October 10-13. 

• Other subjects were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 


District»No. 2 Officers 
Meet at Baltimore 

Preceding the fir§t technical session 
of the "Middle Eastern District meeting 
held at Baltimore, October 10-13, 1932, 
the executive committee of that district 
met Monday morning, October 10, with Dr. 
W. B. Kouwenhoven, district vice-president, 
presiding. Every one of the 12 sections 
in the district was represented and the* 
attendance was full, as indicated in the 
accompanying tabulation, with the excep¬ 
tion of the Student Branch counselor 
member. Extensive routine District busi¬ 
ness and discussions of matters of policy 
kept the committee in session all morning, 
after which the committee adjourned to an 
informal luncheon from which they went 
directly to the opening technical session. 
Present were: 

H? P. Charlesworth, •President, A.I.E.Q. (visitor) 
W. B. Kouwenhoven, Vice-president, District No. 2 
Geo. S. Diehl, Secretary, District No. 2 • 

H. H. Henline, Acting Nat. Secy., A.I.E.E. 

C. E. Skinner, Past-president, A.I.E.E. (visitor) 
A. P. Regal, Section Chairman, Akron, Ohio 
John Wells, Section Chairman, Baltimore, Md. 

L. O. Dorfman, Section Chairman, Cincinnati, Ohio 
John M. Smith, Section Chairman, Cleveland, Ohio 
W. L. Everitt, Section Delegate, Columbus, Ohio 
C. V. Roberts, Section Secretary, Eri£, Pa. 

N. S. Hibshman, Section Delegate, Lehigh Valley 

L. MacBumey, Section Secy., Philadelphia, Pa. 
Thomas Spooner, Sec. Chairman, Pittsburgh, Pa. 
A. P. Beider, Section Chairman, Sharon, Pa. 

I. H. Heitkamp, Section Chairman, Toledo, Ohio 
T*J. MacKavanagh, Sec. Chmn., Washington 

In accordance with the requirement in 
article VI of the constitution, Prof. A. M. 
Wilson (A’09-M’18) professor of electrical 
engineering at the University of Cin¬ 
cinnati (Ohio) was nominated for the office 
of vice-president of the Institute represent¬ 
ing District No. 2 for the 2-year term begin¬ 
ning August 1, 1933. To represent Dis¬ 
trict No. 2 on the national nominating 
committee, which probably will hold its 
meeting some time early in December, 
John Wells (A’27) development engineer 
for the Western Electric Company, Balti¬ 
more, and chairman of the Baltimore Sec¬ 
tion (19c&-33) was appointed ^ and given 
instructions. 


To form, in accordance with section 33 of 
the by-laws, “A small, continuously func¬ 
tioning coordinating committee” Thomas 
Spooner (F’29) of Pittsburgh, John M. 
Smith (A’24) of Cleveland, L. O. Dorfman 
(M’28) of Cincinnati, and T. J. Mac¬ 
Kavanagh (M’13) of Washington, D. C., 
were appointed from the executive com¬ 
mittee and Prof. Lewis Fussell (M’22) 
Professor of electrical engineering of Swarth- 
more, (Pa.) College representing the stu¬ 
dent branch counselors, were elected to 
sefve with the district vice-president and 
secretary. 

To serve District No. 2 for the year 
1932-33 a District prize award committee 
was, appointed, consisting of Dr. H. L. 
Curtis (A’21-F’26) Washington, D. C., 
A. P. Bender (A’18) Sharon, Pa., and Prof. 
S. S. Seyfert (M’13) Lehigh University, 
Bethlehem, Pa. Dr. Curtis will serve as 
chairman-of this committee. 

Concerning future district meetings for 
the Middle Eastern District, and theii; 
financing, there was considerable discus¬ 
sion. Concerning the matter of finance, 
the concensus of opinion was to the effect 
that all sections in the district should bear a 
reasonably proportionate share of the ex¬ 
pense of holding each district meeting, 
regardless of wherp it may be held; the 
group decided to continue the present plan 
of requesting each section to pay an assess¬ 
ment of $10 plus 10 cents per member in 
thal section as of August 1. The question 
of a meeting for 1934 was discussed, but no 
requests for such meeting were voiced and 
no recommendations were made. 


Wi n|er "Con v^nti on 
* Committee,Appointed 

m 

The general convention committee in 
charge of arrangements for the coming 
annual winter convention of the Institute 
which is to be held in the Engineering 
Societies Building, New York, N. Y., 
January 23-27, 1933, has been appointed 
by President Charlesworth. Plans for the 
various events which are to comprise this 
convention are assuming definite form, a 
tentative program of technical .sessions 
has been made, and the preparation of 
papers for these sessions is well under way. 

As members of the general convention 
, comrfiittee President Charlesworth has 
appointed the following:* chairman, E. B. 
Meyef (F’27) vice-president District 3; 
J. W. Barker (F’30) member, technical* 
program committee; T. F. Barton (F’30) 
chairman, New York* Section; F. M. 
Farmer (F’13) member, research, and 
power transmission and distribution com¬ 
mittees; *W. H. Harrison (F’31) chairman, 
technical program, committee; L. W. W. 
Morrow (F’25) Institute representative on 
Engineers’ Council for Professional De¬ 
velopment; C. E.* Stephens (M’22) di¬ 
rector, and chairman, finance committee; 
H. R. Wo&cfrow (F’23) director, and C. R. 
Jones (AT6,M*30) secretary District 3. 

Ample mateAal is available {or the 
technical sessions, and these include a wide 
range of sufij^ts in th£ field of electrical 
engineering. Special plans axe being made 


for the communication session and these 
tentatively provide for the presentatipn of 
5 papers on the communication system 
of railroads. Tentative plans of the com¬ 
mittee on education ^provide for a sympo¬ 
sium on post college education. The elec¬ 
trical machinery committee also is # making 
special plans, and these include the holding 
of* an informal session on noise. At some 
other sessions presgntation of manuscripts 
without publication and without distri¬ 
bution of advance copies is beingconsidered. 

Subjects tentatively under consideration 
for technical se^ions are: communScatiofi, 
electric welding, automatic stations, elec¬ 
trical machinery, transportation, education, 
industrial applications, lightning, electro¬ 
chemistry and electroiqptalluggy, instru¬ 
ments and measurements, applications to 
mining work, protective devices, selected 
subjects and, research and applied elec- 
' Ironies. Detailed plans for the technical . 
sessions, social features, and inspection 
trips will be announced in future issues of 
Electrical Engineering. • 


Generation Committee . 

Plans New Papers 

Capitalizing upon the opportunity pre¬ 
sented by the recent Middle Eastern Dis¬ 
trict Meeting held at Baltimore, Md., 
October 10-13,1932, Chaiftnan J*R. Baker 
called a meeting of his committee on power 
generation on October 12. % 

To orient the committee, the activities 
during the past 4 years were reviewed and 
the papers produced on the general subject 
of electric power generation were listed in 3 
groups according to classi^oation of subject 
matter: (1) steam-electric production, (2) 
hydroelectric production, and (3) utilization 
of sources of power supply by means of* 
interconnection. According to their typeS 
these papers were segregated further into 
such classifications "as plant descriptions, 
analytical discussions, and reports of experi- * 
mental work. There have been 23 papers 
on the subject of steam-electric generating 
plants, 16 concerning hydroelectric practise, 
and 18 dealing with various phases of inter¬ 
connection. • „ • 

Of the 3 subjects mentioned in the fore¬ 
going paragraphs 2'were considered to have 
been fully reported upon to date and to have 
been adequately described and analyzed for 
the present: developments in hydroelectric 
practise, and matters pertaining to inter-* 
connection. Recent progress in the field of 
steam-eldlbtric power production was con¬ 
sidered to be of timely importance and to jbe 
a desirable subject for a paper to pre¬ 
sented in the -near future, so as to .call 
attention to profitable lines of design* 
Possible sources of such a paper were dis¬ 
cussed ; 2 plants now under «construction 
were considered as exemplifying presort 
trends, one in initial design and the other as 
a splendid example of rehabilitation. 

Electrical testing of welded pressure 
vessels * came up for consideration and 
specifications were discussed for* a suitable 
paper relating to that subject that might be 
presented in conjunction with one already 
on hand ccincwning the economics of high 
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pressure and high temperatti-e. The com¬ 
mittee gave attention to the difficulty of 
giving *a complete understanding of ad¬ 
vances in power generation without elabo- 

# rating too deeply, u£on tKfe features of 
mechanical design. ' Plans also were made 

* • for a paper that would describe the elec- 
. trfcal system adopted in a large plant 

recently placed in operation in which botira 
60-cycle and a 25-cyde electric power 
supply were demanded. Other subjects to 
be initiated will concern safety devices in 
electrical operation, automatic turbine 
control through remote metaring, and power 
control aj generating stations. A sub¬ 
committee was established to handle a 
contemplated progress report covering the 
present biennial period. 


. Birmingham Section 

• Reorganization Announced 

• A meeting of the Birmingham Section of 
the ftistitut^ vas held on September 30, 
1*^32, for the purpose of discussing future 
plans and reorganizing the Section, ^xhe 
meeting •took place in the Tutwiler Hotel, 
the reported attendance being 17 Institute 

* members and 1 Student member. F. C. 
Weiss (M’19) acted as presiding officer. 

* Following a discussion of various schemes 
to best serve the Birmingham Section, an 

* organization waa formed to carry on the 

* Section’s business and maintain a nucleus 
around which additional activities can be 
added a^the ocoasions demand. The new 
chairman is Howard Duryea (A’ll) Com¬ 
monwealth & Southern Corporation, Bir¬ 
mingham, Ala., and the new secretary is 
H. M. Woodwardf (M’29) Southern Bell 
Tel. & Tel. Cfcnfpany, Birmingham, Ala. 
The following yrere mimed as the executive 
committee: Prof. F. R. Maxwell (M’30) 
University of Alabama, Tuscaloosa, Ala., 
Prof. W. W. Hill (M’24) Alabama Poly¬ 
technic Institute, Aubtwn, Ala., and W. W. 

# BaIlew (M’28) Westinghouse Elec. & Mfg, 
Co., Birmingham* Ala. With the organi¬ 
zation of the Birmingham Section, the 
prescat list of Institute Sections is made 
complete. • 


* District No. 8 Officers 
Meet at San Francisco 

Witih. Pacific District Vide-President A. 
W. Copley in the chair, the executive com¬ 
mittee of the Pacific District heldits antral 
meeting at the Engineers’ Club in San 
Frapcisco September 7, 1932. With the 
exception of A. P. Hill, secretary of the Los 
Angeles Section, all members were present; 

in addition to the chairman were: n 

' : . ’ • . . . _ . . ' • . 

C. E. Baugh, secretary, District No. 8. 

• F.E. Dellinger, chairman, Los Angeles Section. 

E. F. Maryatt, chairman, San Francisco Section. 
Roy Wilkins, secretary; San Fraiydsco Section. ® 

: L. E. Reukema, chairman, District studeet activi- 
‘.ties. • : -c ’ 

■ ■ 

As nominee for Institute’s vice-president 
for the 2-year term August 1,1933-July 31, 
1935, representing District Ho. 8, Prof. E. 
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W. Sorensen (A’07, F’19) professor of 
electrical engineering, at California Institute 
of Technology, Pasadena, was selected by 
unanimous vote. 


A Review of Foreign 
Broadcasting Systems 

Ten years ago, 6 British radio manu¬ 
facturers contributed £10,000 each* to a 
common fund with which to commence a 
system of domestic broadcasting in Great 
Britain. They formed the British Broad¬ 
casting Company, Ltd., which,"for 4 years, 
pioneered broadcasting. In 1926, the com¬ 
pany obtained a royal charter and became 
the British Broadcasting Corporation— 

• known familiarly as the B.B.C.—licensed 
by the government to transmit broadcast 
material of every description with only one 
fundamental restriction: the B.B.C. cannot 
accept monetary considerations from out¬ 
side interests in return for broadcasting 
programs. In other words, it cannot trans¬ 
mit advertising programs for payment; its 
revenue is derivable solely from a license 
fee paid by owners of receiving apparatus. 

The broadcasting system of Great Britain 
is almost unique. It is controlled by a 
board of governors appointed by the govern¬ 
ment. It operates under a license granted 
by the postmaster-general, who charges 
every set-owner 10 shillings per annum for 
the right to install and operate a receiving 
station, or in other words, a radio set. 
From this 10-shilling fee the post office allots 
a proportion (about 48 par cent) to the 
B.B.C. as a contribution toward the ex¬ 
penses of broadcasting programs and 
another portion goes to the* national ex¬ 
chequer. There is nothing to insure that 
the B.B.C. shall receive any Contribution at* 
all from the post officejflbense revenue and* 
if the present 48 per cent were stopped or 
reduced, the B.B.C. might be. forced* to 
accept “sponsored programs.” 

The B.B.C. is a semi-state department as 
its directorial personnel is appointed by the 
government and its revenue granted by the 
postmaster-general almost ex-gratia. Also, 
the government of the day 1ms first call on 
any air time and has more than once exer¬ 
cised that right. The B.B.C., as a semi- 
state department can be criticized in parlia¬ 
ment. No fundamental alteration in the 
constitution of the B.B.C. and the present 
policy of British broadcasting can be effected * 
until 1937 when the charter expires and 
comes up for renewal or modification * 

" Broadcasting is vastly different both on 
the continent and in the United States, the 
latter being entirely on a commercial bagia 
Canada now has derided to remodel its 
broadcasting system from the American 
method of commercialization to *he" Brit-' 
i8h method of centralized pontrol directed to 
securing highest entertainment Value. Gov*' 
eminent control is also effective in Czecho¬ 
slovakia, when the Prague station broad- 
; casts some of the most popular programs, 
Danish broadcasting is governed by the 
state radio council and financed by the 
proceeds from license fees. * 

. France has its own method. While there 
fe ho monopoly as there is ifi^Great Britain, 
the majority of the stations are owned by 


: 0 r 


the - government through toe ministry of 
posts, telegraphs, and telephones. There 
are 28 broadcasting stations in that country. 
A license fee of one franc per year is charged 
French citizens while foreigners have to pay 
10 francs per year. 

A A broadcasting monopoly is enjoyed by 
the postal service in Germany while broad¬ 
casting is prohibited in Greece, although 
the government is contemplating creating a 
monopoly. Monopolistic control^ effec¬ 
tive also in Hungary where radio is under 
the control of the postal administration''and 
about 2s. 6d. per year is charged to receivers'. 
Broadcasting is also a monopoly in the Irish 
Free State and 10s. license fee, as in Great 
Britain, is Charged. Before the end of .this 
year a new high-powered station will be 
opened in'Ireland, whence “sponsored pro¬ 
grams” will be transmitted. 

The broadcasting situation in Holland is 
peculiar and almost resolves itself into a- 
war between the non-partisan Association 
of Listeners, with about 100,000 paying 
members, the Socialist, aqd the Catholic 
broadcasting organizations. There are 2 
Dutch stations—Hilverstur and Huizra— 
but only one station can function at a time 
and the time allotted to each organization 
is computed upon the basis of the number 
of members ’belonging to each. The au¬ 
thority which decides^ all radio matters is 
the Radioraad which is presided ovGr by a 
high government postal official. 


—Excerpts from an article appearing in Industrial 
Britain for August 1032, p. 3. 


Noble Prize Awarded 
to Institute Member 

The Alfred Noble Prize for 1932 is to be 
awarded to F. M. Starr (A’30) for his paper 
“Equivalent Circuits—I.” This paper was 
presented at the A.I.E.E. winter conven¬ 
tion, New York, N. Y., January 25-29, 
1932, and was published in the A.I.E.B. 
Trans., v. 51,193p. 287-98. An article 
based upon this paper was published in 
Electrical Engineering for August 1932, 
p. 555-8. An item regarding Mr. Starr is 
riven in the personal columns of this issue. 

This is the tecond award of the Alfred 
Noble Prize, the 1931 award having been 
made to Pfof. C. T. Eddy of the Michigan 
College of Mining and Technology, Hough¬ 
ton, Mich. The prize Was established in 
1929 and at present consists of an award of 
$500 from the income pf the fund contrib¬ 
uted by engineers and others in honor of" 
Alfred Noble, past-president of the Ameri¬ 
can Society of Civil Engineers and of the 
Western Society of Engineers, and for the 
purpose of perpetuating his name and' 
achievements. Alfred Noble, one of the 
most prominent civil engineers active dur¬ 
ing the 50 years preceding 1914, in addition 
to his technical achievements was greatly 
interested in the younger men of the engi¬ 
neering profession. * r- 

The award is made to a member of any 
grade of either the American Society of 
Civil Engineers, the American Institute of 
Mining and Metallurgical Engineers, The 
American Society of Mechanical^rjrineere, 
the American Institute of Electrical Engi- 

" . * ■ • : » • • 
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•Seers, or the Western Society of Engineers, 
for a technical paper of particular merit ac¬ 
cepted by the publication committee of any 
of the foregoing societies for publication, in 
whole or in abstract, in any of their respec¬ 
tive technical publications’, provided die 
author, at the time the paper is accepted in 
practically its final* fqpn, is not over 30 years 
of age. 

The*recipient of the prize is selected by a 
committed of 5, consisting of one representa- 

• % 
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Last Year's Unemployment 

to Serve as a Guide (or 

• 

LANS for unemployment relief during 
the coming winter are being made in all 
sections of the country and must play an 
important part in the activities of engineers. 

A review of tife work accomplished in 
various cities during the past year may be of 
assistance to those groups which are making 
plans for tfie coming season, and therefore 
,is attempted in this article. Plans which 
are being formulated at present by different 
organizations will be announced soon and 
will be reported in fhlure issues of Elec¬ 
trical Engineering. 

During the past year engineers in all 
sections of the country have proved them¬ 
selves willing and anxious to assist their 
fellows, with the results that much good was 
accomplished and distress almost entirely 
eliminated. The assistance given took 
many forms, ranging from outright gifts 
to temporary or more permanent loans, 
the securing .of temporary positions, many 
of these in “made” work, as well as the 
finding for many engineers of permanent 
positions in industry. It is generally felt 
that the results of last year’s efforts warrant 
being sustained through the coming winter. 
In general, the needs which are anticipated 
seem to be not greatly different than those 
which existed last winter and the main¬ 
tenance of the scale of thfi relief given last 
year should be adequate through the coming 
year. Too much stress, however, cannot 

* be made of the fact that concerted and 
active effort is necessary immediately. 
Some of the novelty which relief workers 

* experienced earlier in the campaign against 
unemployment has doubtless worn off and 
those engaged in the coming campaign 
realize that serious effort must be made. 


* 

tive of each society, the award being based 
upon papers published bv the societies with¬ 
in the 12 months preceding July 15 of each 
year. The report of the committee is made. 
to the board of direction of the American 
Society of Civil Engineers at its October 
meeting, which was held this year at 
Atlantic City, N.J., October 5-8. The award 
will be made tp Mr. Starr by a representa¬ 
tive of the American Society of Civil Engi¬ 
neers at a future meeting of the A.I.E.E. 


Relief 

• • 

the Future 

for constructive work or employment, using 
the aid of engineers who are at present un¬ 
employed as far as possible. Funds for, 
loans to deserving unemployed engineers 
have been collected and administered. 

Many valuable data have been collected 
by the questionnaires which have been sent 
out by many of the Sections. By this 
means the number of unemployed has been 
ascertained quite accurately, together with 
information on the urgency of the cases, and 
types of positions for which the individuals 
are fitted. A survey of the industries in 
eadt locality has disclosed many positions 
which could be filled to the advantage of 
both employer and employee. Surveys of 
municipal projects which could be under¬ 
taken have been a most important phase of 
the work. Efforts which for SQme time 
have been parried on to reduce the number 
of working hours both in government 
bureaus an<^ industries is producing some 
results, although not as extensive as was 
originally hoped for. , 

* Educational activities, particularly in the 
metropolitan areas, *have done much to 
maintain the morale of thdse unemployed 
and to prepare them for other positions in 
‘ industry. This activity, comparatively 

Table !*—Classification of Placements 

On P.E.CiU. payrolls.. 308 

Receiving other relief, suflh as that given by 
the ttibson, Bliss, and general pub^c com¬ 
mittees in the metropolitan district of 

New York........... 960 

In permanent engineering jobs. 246 


» • • . 1 " ■■ 
Total....f............ 1,614 



new, has assumed different forms, but the 
assistance of established educational insti¬ 
tutions usually is secured in formulating 
courses and securing instructors. 

Many of the local committees, although 
active, have not supplied detailed informa- * 
tion regarding their procedures and jresults, » • 
and consequently a full report on these 
activities cannot be made to other Sections 
of the Institute, ijowaver, in many cases « 
the activities of Institute members have 
been so closely interwoven with those of 
other civic groups that no separate report 
could be given. , ® 

New York City 4 

Unemployment Activities 

• * 

The plan developed for unemployment 
relief in the metropolitan district of New 
York, N. Y., was carried out during the 
'past winter with considerable success. . • 

The details of this plan Were described»in 
Electrical Engineering for March 1932, 
p. 205-7. The organization formed "The • 
Professional Engineers Committee on Un¬ 
employment” is known locally as the • 
"P.E.C.U.” and represents the New IJ'orlq 
Sections of the 4 national societies of civil, 
mining, mechanical, and electrical engineers. 

The first meeting of the P.E.C.U. Was held 
October 21,1931. 

In addition to other forms of activities 
and assistance, the New York sections of 
these 4 national engineering societies made * 
up a separate fund to take care of overhead 
expenses of the P.E.C.U. *The Institute’s # * 
New York Section more than filled itq quota, 
and secured a margin to start the coming • 
winter. This fund was secured by donations 
of $1 from members of the Section. m 

Up to October 11,1932 the P.E.C.U. had 
a total of 2,188 active registrants among 
unemployed non-membert apd members of 
the 4 national societies. *In addition to 
these active registrants, over 500 others 
had registered but were not regarded ns*, 
active applicants for relief, as they had* 
registered for educational courses, did not 
reply to letters, or had later stated that th$r 
were interested only in permanent engineer- . 
ing positions, not in relief. -‘Of the -2,188 
active registrants, 1,514 placements hqye 
been made. These may be divided as 
shown in Tables I to IV. . • 

• • 

* . » 

Type op Work Secured 

• s 

Of .the 1,514 engineers placed by the * 
P.E.C.U., 419 were placed with the Emer- 



InStitute Section Activities 


Table II—Division Among Society Members and Non-Members 


Activities of the Institute providing for 
unemployment relief have been carried on 
by the Sections. Following a resolution 
recommending such action, adopted by the* 
Boprd of Directors at a meeting htid Oc¬ 
tober 23, 1931, Sections of the Institute 
throughout the country participated in the 
organization of committees of engineers, 
usually composed of representatives of all 
the engineering groups in the community, 
sand cooperating with other local civic 
relief organizations. 

Surveys ha^p been conducted by these 
Section graups to determine, the need for 
relief and* the* extent of local opportunities 


Society 


Registered 


% of Total 
Registration 


Am. 3oc.*of Ciyil Engrs........... 240........ 10.9... 

Ani. Inst, of Metal. & Mining Engrs. 36......... 1.6... 

' Am. Soc. of Mech. Rngi?.......... 367...... 16.2.4. 

Am. Inst, of Blec. Engrs.... . 212. ...... . 9.6... 

West. Soc. of Engrs.. . ... 4. ..,.,..; 0.3... 

Non-Members....*....,.... ...1,349.Y..... .61.6... 

V'. 2,197........100.0.^. 

: Duplicate membership..... ..... .. 9........:.. 

. 2,188. ..,........«. 

Men placed more than once.... .<>.. . ...,..... .■•...... 

.. Tot&li • • • 9 • «.'#• *. * '*.• •*•»*••••• *.* • •» ••• * • • •’* *».*# « 


Placed 


r 0 of Total 
Placed 


%of 

Registered 

Placed 


10.9...... 

.204..... 

... 16.2....... 

. 85.0 • 

l.£..... 

. . 33. .. 

... 2.6. 

. 94.3 

16.2.4.... 

. 277.... 

... 20.7........ 

. 77.5 

9.6...... 

. 173... 

... 12.9....... 

. 81.6 . 

0.3.., ... 

. 4.... 

... 0.3....... 

.100.0 

61.6...... 

648.. . . 

.... 48.4...... 

.48.3 

ioo.o ¥ .;.; 

. .1,339..•. 

• rr m ' 

... 100.0 

- - 
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Table III—Analysis by (Marital Status 


Table IV—Analysis by Salary Groups 


Marital Status 

Registered 

Placed 

Previous Salary Registered 

Placed 

Single 

*,658 

265 

$6,000 or better 

130 

106 

Married 

M49 

1,039 

$3,600-$6,000 

512 

381 

Widower 

33 

18 

$2,400-$3,600 

1,028 

627 

, Divorced 

29 

10 

$2,400 and below 

‘496 

218 > 


2.166 

1,332 


2,166 

1,332 

Unaccounted for - 22 at 


Unaccounted fcr 

*22 



Replacements 

182 

> 

Replacements 

182 

Totals r * 

2,188 

1,514 

Totals 

2,188 

1,514 


gency Work Bureau, known as the Gibson 
co mmi ttee, mostly in city bureaus, colleges, 
and universities, and relief work in this 
district. Men were employed in city 
departments for surveying, drafting, mak¬ 
ing mechanical plans and specifications for 
* hospitals, for traffic surveys, as playground 
fltjri gymnasium instructors, plan examiners 

* for municipal buildings, and truant officers; 
r as assistant professors, draftsmen, general 

office workers, stock men and laborers in 
n colleges and universities; and for the collec- 
tioif of city'xelief funds and the carrying on 
°of home relief investigations for other relief 
, organizations. r 

The'-City Work and Relief Admmistra- 
tion, known as the Bliss committee, took 392 

• of tHfe men as key men in home organiza¬ 
tions, timekeepers, checkers, payroll men, 

r, pay masters, and field men engaged by the 
heads of various city departments, mostly 
in construction and maintenance work. 

In other organizations, 31 were engaged 
in a topographical survey, 44 for surveying 
in an Outlying- county, 64 by the West¬ 
chester County Park Commission, mostly 
* for general laboring work, and 10 others in 3 
smaller units. 

The P.E.C.U. Itself employed 60 salary 
workers on the 'home office staff for inter¬ 
viewing, registering, classifications, place- 
„*>ment, payroll, consultation bureaus, in¬ 
vestigations, and soliciting funds. A total 
of 248 others are paid directly by the 
P.E.C.U., but are assisting other organiza- 
, tlons in a great va^ety of work. 

Permanent engineering positions have 
bgen secured for 246 men. Some of these 
are not strictly engineering activities but 
may be classed as permanent positions. 

+ m * 

Sources of Funds 

• . The amount raised in cash and pledges, 

the number of contributors, and average 
amount individually contributed by the 

• membership of the 4 national societies 
in the metropolitan district of New York 

' are shown in Table V. The canvassing for 
this money was done in 3 ways: by letters of 
aCpptal; by unemployed engineers as can- 
» - vassSrs or solicitors, they being paid the 

relief wage; and by voluntary committees 

* of members of the societies doing personal 
canvassing. The letters of apipeal were 4 in 
n umb er. !bh.e first went to the 13*000 
members of the 4 national societies in the 

• metropolitan district of New York. The 
second, third, and fourth were sent to those 
who had not replied to the preceding letters, 
it being necessary t to mail but 6,400 copies 
of the last letter. The engineers were 
divided into 2 classes: (1) a special group 
supposed to contain the more affluent 


members of the profession, to the number of 
571;. and (2) the remainder of the members. 
Contributors on the special list to the 
number of 183 gave $30,526.60, or an aver¬ 
age sum of $166.80 each. 

Of the total of $109,723.96, about $20,000 
was originally in the form of subscriptions 
or pledge cards, the donor electing to 
contribute on a monthly or weekly basis 
c over varying periods of time, some as long 
as 5 months. Experience indicates that 
only about $1,000, or roughly, 5 per cent 
of the total number of pledges are in 
default. In nearly every such case the 
pledger has lost his job since undertaking 
his obligation. The totel sums obtained to 
May 15, 1932, are shown in Table VT. 
The first figure, $1Q7,841.09, e shown for 
that date corresponds to the figure of 
$109,723.96 shown in other tables as of 
October 11, 1932. 


Also, a loan meets only the momentary 
emergency. * 

The P.E.C.U. has been very active in 
persuading the gas and electric light com¬ 
panies to forebear enforcing routine orders 
t<£, discontinue* their services to destitute 
engineers. In some instances it has been 
possible to persuade koTders of mortgages 
to be more lenient in the terms’on which 
they extended or renewed them. Odhasion- 
al£y money has been loaned to pjjy interest 
on mortgages. „ 

A legal aid department has been es¬ 
tablished, whose function has been to give 
free legal advice to registered unemployed 
whose circumstances were such that they 
required such advice. Similarly, an agency 
has been set up to assist registered unem¬ 
ployed who had developed inventions or 
processes possibly warranting patents. As¬ 
sistance also has been given registered men 
in preparing letters outlining their pq$t 
experience in a way to interest the prospec¬ 
tive employer. This has been supple¬ 
mented with a mimeographing service to 
produce multiple copies ofsuch letters. 

As regards clothing, *he McGraw-Hill 
Company donated floor space and 2 un¬ 
employed engineefs were set “to work to 
operate a clothing bureau. On May 14,, 
1932, 203 men, 61 women, and 58 children 
had been provided with clothing, con¬ 
tributed largely through the efforts of the 
Engineering Woman’s Club of New York. 
This clothing has been a godsend to many 
unemployed men, who, if they had not had 


Table V—Analysis of Contributions to Oct. 11,1932 


No. of 


%of 
Membership 


Total 


% of Total 



Contributors^ 

o 

% of Total 
, c 

in Territory 

Contributions 

Contributions 

r 

Avg. 

Civil. 

..... v 787..... 

..22.46... 

. 22.5... 

...$ 34,547.38., 


..$43.90 

Electrical. 

.1,184. 

.. 32.40... 

..r-. 30.4... 

... 22,502.62.. 


.. 19.84 

Mechanical...... 

.1,416. 

.. 31.83... 

• • •• 38.3.•• 

... 25,282.96.. 


.. 22.67 

Mining. 

. 265. 

.. 7.56... 

.... 8.8... 

... 12,222.47.. 

. 11.2. 

.. 46.12 

Non-Members... 

. 202. 

.. 5.75/-.. 


... 15,168.63.. 


.. 75.09 


3,503. .... 

... 100.00... 

-100.0- 

.. .$109,723.96.. 


..$31.32 


Types of Relief Provided 

The average relief afforded the individual 
unemployed engineer through the P.E.C.U. 
up to May 15, 1932, has been $19.05 per 
week; this sum has varied somewhat de¬ 
pending upon where the relief was obtained, 
as shown in Table°VII. At that datg there 
had been 73 loans granted in amounts in 
excess of $15, totaling $3,355, and averaging 
, $45.18 per man. There had been 60 emer¬ 
gency loans granted in amounts less than 
$15, totaling $24ft and averaging $4.13 per 
man. 

These loans were on demand notes with¬ 
out interest. The expectation is that 
ultimately a considerable percentage of 
the borrowers will repay them. The funds 
so collected will be reserved for possible 
future use. o 

The relatively small number of loans made 
and the meager sums of money required 
surprised those active in the P.E.C.U. Ap¬ 
parently engineers (especially our members) 
are e&tremely loath to apply for loans. 
They much'prefsr wages from made work 
c or even direct relief frofii city bureaus. 


Table VI—Total Sums Obtained to May 15, 
1932 


Cash and pledges.. .$107,841.09 

Second-hand clothing, est. value...... 4,500.00 

Unexpended balance of state and federal 
contributions for U.S. geological 

survey... 11,330.00 

Raised separately for administrative " • 

purposes to cover such items as post- , 

age and telephones. 5,247.00 

From President Hoover and the Engi- » 

neers’ Club of N. Y. for engineers • 

outside the metropolitan district of 

N. Y,. 5,700.00 

Wages paid by semi-public bodies to 
F.E.C.U. engineers at the instigation 
of the P.E.C.U.. 307,110 .*00 

Total. .$441,737.09 


Table VII—Average Relief Afforded 


For those paid direct through P.E.C.U.'s 

payroll ....$18.82 

For those who obtained relief through the 
Gibson, Biiss, and other relief committees 21.50 
For those who got engineering jobs through 

P.E.C.U. and^other sources. ... a........ 32.50 

_£_ »•_»• • 
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tke clothing, in nftiny cases could not haye 
taken the positions which were found for 
them. The Engineering Woman’s Club 
not only collected and distributed clothing 
but also initialled and managed a charity 
bridge party. Some 700 tickets were so^fl 
at $2 apiece, the result being that a net 
contribution of $1>1£0 was made to the 
funds of the P.E.C.U. 

Another successful activity was that of 
certifying unemployed engineers to Colum¬ 
bia University so that thejs could attend 
classes without academic credit and without 
expense. A total of 138 men made 564 
registrations in 163 different courses for 
the winter and spring terms. 

Another important committee which \%as 
recently established is known as the com¬ 
mittee on industrial opportunities. This 
committee endeavors to place engineers 
outside the profession. It has prepared a 
list of some 800 industrial concerns which 
in its judgment could use engineers for 
cost studies and in other ways where their 
technicaTtrainin^and mathematical ability 
would make them more useful than the 
ordinary layman* This committee con¬ 
tinued its work all summer, and has been 
reinforced by 2 other groups who solicit 
.positions of a permanent nature. Members 
will greatly assist the P.E.C.U. if they will 
kindly inform the committee of any posi¬ 
tions they may know of that might be 
filled by a man with engineering training. 

Another committee, known as the com¬ 
mittee on construction legislation, has 
been active in Washington and Albany in 
endeavoring to persuade congressmen and 
other legislators that the cutting out of con¬ 
struction enterprises from federal, state, and 
municipal budgets is fallacious economy, 
results in great increase in unemployment, 
and is particularly distressing to engineers. 

Reviewing the ^activities of the past 
winter, the P.E.C.U. feels that its greatest 
accomplishment has been to convince the 
semi-public relief agencies of the desirability, 
from their point of view, of using unem¬ 
ployed engineers in supervising capacities 
or ps key men in greeting the 35,000 or 
40,000 individuals to whom these agencies 
have had to give unemployed relief «in the 
form of made work or as direct relief. 
Extreme care was taken in certifying 
registrants to these public bodies, to make 
certain that the candidates sent were 
qualified for the job in question. 

A large part of the work of the •registra¬ 
tion committee has been to classify all regis¬ 
trants as to their prior experience and their 
fitness for different types of work. Care 
along these lines in the early stages of the ac¬ 
tivities has been rewarded many times, over. 

Summer Activities Curtailed 


Registration of unemployed engineers 
ceased on April 9, 1932, as it was felt neces¬ 
sary to curtail relief work during the summer 
months £nd conserve funds for the coming 
winter. A small staff was maintained by 
the P.E.C.U. during the summer months, 
xhost of the attention being given to seeking 
. permanent positions for the men, although 
the most destitute cases were carried 
'throughout the summer. Plans for the 
coming winter «are now being made, and 
will be afinojinced in future issues of 
Ei!fecTRicJ£L Engineering.. * * 
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• • 

and the Bostc# Society of Architects, it 
was decided toward the end of 1931 .that 
the needs could be met best by cooperation 
between the professions of engineering and 
architecture. The Engineering Societies of 
Boston, composed of 1ST member societies, 
immediately endorsed this plan a$d ap¬ 
pointed an executive committee as well as 
tha following 5 working subcommittees: 
finance, registration, administration, de¬ 
velopment, and publicity. As of June 16, 
1932, a total of 198 engineers*has been 
given employment, and 121 architects have 
been placed. Ajtotal of 865 engineers an3 
212 architects had registered on that date 
as being in search of employment. 

The Emergency Planning and Research 
Bureau, Inc., was formed having 2 divisions, 
an engineers’ division and an architects’ 
division. Each of these divisions ad- 
^ministers its own funds, selects the type of 
work which the men are to do, and keeps 
its own accounts, all theSe activities being 
, coordinated through the board of directors 
of the bureau. The finance committee 
raises funds from employed members of the 
profession, these generally contributing 
one day’s pay per month for ® period of 20. 
weeks beginning*January 24, 1932. Large 
organisations are covered by a team cap¬ 
tain, and the Society members and other 
engineers are appealed to by letter. In this 
manner $79,004.62 was pledged by 5,429 
individuals. On June 16, 1932, the period 
of the pledges not yet being up, $62,024.02 
had been received. 

Contributions received by the committee 
were credited to the amount received by 
the United .Boston Unemployment Relief 
Committee, although the latter hadfiothing 
to do with the handling of funds collected 
by the engineers’ and architects’ bureau. 
Contributors to either fund were given the 
same card and button to*avpid the annoy¬ 
ance of any one's being requested to donate 
to both organizations. » 

• 

Registration op Applicants , 

Each applicant Registering with the 
bureau is asked for his exact financial condi¬ 
tion in addition to the stdngard information 
on education and experience. If his finan¬ 
cial condition is critical, the social welfare 
organization is asked to make a* report on 
the case. This is reviewed by the registra¬ 
tion committee, a member of which, per¬ 
sonally interviews gach man. When the 
committee is satisfied of the need, the ap¬ 
plicant is referred to the chairman of the 
administration co mmit tee, who places his 
name upon the payroll. He is then as¬ 
signed to work in the drafting room of the 
* bureau. 

In determining the work which these men 
shall do, the development committee # has 
followed 3 general principles: • 

1. The work shall not conflict with that of atiy 

emplpyed engineer and it shall not take work away 
from any engineer. • 

2. Tie work must be of such a nature as to come 
within the classification of engineering. , 

3. Not only will the man himself be benefited, but 
there shall be a possibility that the project will 
open more work for the enginWing profession or 
that it will be demonstrated that an engineer is the 
logical man for that type of work. 

Relief Program ft* Boston, Mass. . The projects are of a varied nature, and 

» .• ... indude: 

Following independent Surveys initiated L Worfc for the City of Boston with the architects’ 
by the Boston Society of Civil Engineers * division on mapping of city owned property and 

• * . * 811 
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In Memorium 



C. O. MAILLOUX 


O N the fourth day of October 1932, 
the American Institute of Electrical 
Engineers suffered a great loss in the 
passing on of on2 of its most revered 

members, Dr. C. O. Mailloux. 

• • 

Throughout Dr. Mailloux's career the 
cause of the Institute has been one 
of his foremost interests. From the 
early days of his activity in the organiza¬ 
tion meeting of May 1884^ down 
through his many years of active service 
on the standards committee, the Edison 
Medal committee, the John Fritz Medal 
board of 4 ^/Srd; through his work on 
the United States national committee 
* of the International Electrotechnical 
* Commission, and presidency of the 
Commission itself; his years as a' 
director and vice-president of the 
A.I.E.E., his term as President in 1913- 
1914, Dr. Mailloux stood and fought 
for the ideals of the Institute, the main¬ 
tenance of its high professional stand¬ 
ing. Therefore bejt 

RESOLVED: That the Board^of Direc¬ 
tors at the meeting of October *12, 
1932, record its deep appreciation 
oT these*many years of faithful, unselfish 
, work carried on in behalf of the Insti¬ 
tute by Dr. Mailloux, its realization 
of tfie loss which the Institute has 
suffered, and its sincerest sympathy 
to thbse frpm whose ^association he 
has been taken. And be it further 

RESOLVED that this minute be spread 
on tlte dffical records of the American 
Institute of Electrical Engineers and 
* that copies be sent to his relatives. 

—A.I.E.E. Board of Directors, Oct. 12,1932 
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blocking of the 1030 census, fusing studies, de¬ 
predation- studies of downtown business sections, 
and correction of maps for street changes for the 
planni&g board. 

2. Work in connection'with state departments for 
which there have be$n rib fundf available, such as 
fire protection studies at institutions, surveys in 
connection with public reservations, smoke investi- 

* gationsf traffic counts, plotting statistical data, 
surveys of state institutions, gathering of existing 

* data on refrigerating and heating plants at state 

institutions. r ^ 

3. Compilation of existing facts relating to New 
England that can be used for a regional study of this 
area, such as^trends of population, transportation, 
i™m.i government finance, present status of zoning, 
and use of land in each county.^ 

4. Library research work for committees of various 
engineering societies. 


Mercury 


Vapor 


New 


* 

Turbine to Be Largest in Size . 


An employment service has been set up 
within the bureau and operated under state 
and city laws. No charge is made for* 

* services. Two employees of the bureau 

• devote full time to this work, making con¬ 
tacts with organizations which ordinarily 

* do not employ engineers, to "sell” the idea of 

# using engineers. Previous to June 16,1932, 
a total of 48 men had been placed in posi- 

•tions having an estimated total income of 
$10,640. In addition, 74 registered men 
have gpne into work for wfuch therfi is no 
income record, the yearly income of all 

• men*registered and now employed else¬ 
where being estimated at $210,000. 

The executive director of the engineering 

• division devotes his entire time and is 
responsible for # the work done by the 

• bureau, ’’including the preparation of a 
weekly report. Office space and equipment 
have bften donated by variofis organiza¬ 
tions. The stationers and makers of blue- 

• prints furnish material at a substantial 
discount. The men work 7 hours per 
day, 6 days per week, at the rate of $3 per 
£ay. I* - 

The men receiving assistance are all 
married, with one or more dependents, 
•‘the average being 3. For the 130men on 
'the payroll^ the weekly disbursements 
average $1,600. The,* payroll expenditure 
tS June 16, 1932 has amounted to $35,- 
" 977.50, which i§, 95 per cent of the total 
expenditures of the bureau. Of the 866 


Construction of an ^unusual power 

plant to cost some" $4,000^00 is being 
undertaken at Schenectady, N.^Y., by 
the General Electric Company. Perhaps 
the most unusual feature is that a mercufy 
boiler and, turbine will be used, although no 
little interest is attached to the fact that it 
is to be the first outdoor steam-electric 
generating plant. The mercury turbine is 
rated 20,000 kw, and the station 25,000 kw, 
as there is also a 5,000-kw non-condensing 
steam unit. By-product steam will be se- 


Table VIII—Applications in Age Groups 


Ages 

No. 

Ages "No. 

Ages No. 

18-20..., 

. 6 

31-35... .111 

46-50...32 

21-25.... 

.116 

36-40, ...108 

51-60,...27 

26-30.... 

.162 

41-45_70 

61-67.... 6 

Table IX 

—Subscriptions to Oregon Technical 
Council Fund 



> 

♦ 

Total 

Subscriptions 
Paid In— 

/- 

Society 

Sept. 3,1932 


Am. Inst. Mining & Metal. Engrs. $263.00 

Am. Soc. Mech. Engfs. 259,00 

Am. List. Elec. Engrs. 774»00 

Prof. Engrs. of Ore. » 280.00 

' Am. Soc. Civil Engrs. 579*50 

Tj.S. ArmyEngrs. Unepiployment Fund 462.11 
Federal Employees Unemployment Fund 439.53 
Miscellaneous 5.00 


Total 


$2,762.14 


engineers who have registered, 621 or 71.8 
per cent, are non-members of arfy en» 
gineering society. The age analysis of 
registrants is shown in Table VIII. 

Results • 

* » 

Favorable publicity has been given the 
bureau by newspapers, speakers, and by 
exhibits at conventions and in c^ib*. The 
publicity director of one of the public 
utilities has assisted in this work. It 4s 
felt that the development of the welfare 
plan has resulted in the following benefits: 

1. A better understanding among the individual 
engineering societies comprising the Engineering 
Societies of Boston. 

2. A better understanding* of the engineering 
profession by the general public. 

5. The practfcal example of a* well-planned and 
- smoothly operating welfare organization, which 
has been cited as a model for other groups at- 
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tempting to solve the relief problem within their 
ranks. * • 

4. Improved morale of the unemployed engineer, 
who has been made to feel that he is producing 
work of value along the lines in which he has been 
trained, instead of feeling that be is a recipient bf 
charity, giving nothing in return. 

5. A closer relationship and a better understanding 
between the architects and engineers. 

* Activities in 

Some Other Cities • 

• 

Lack of space combined with incomplete 
reports unfortunately do not permit a 
comprehensive review of the-unemployment 
work which has been accomplished through¬ 
out the country. Much of this work has 
been of tremendous value assuring em- * 
ployment for needy cases atfd in sustaining 
morale. The*j3an Francisco Section of the 
Institute accumulated a sizable fund which 

• 
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cured from the mercury condenser; a 
steam boiler also will be included in the 
outdoor station. The electric output of the 
plant will be supplied to the commercial 
system of the New York Power and Light 
Corporation, while the steam output will be 
used in the General Electric works. The 
mercury vapor will be at a temperature of 
958 deg F and 125 lb gage; the steam will be 
at 760 deg F apd 410 lb initial pressure. 
It is contemplated that the plant will be 
ready for operation in the spring of 1933. 


• M 









•was used primarily in the form of loans* to 
•members or past members of this Section. 
An interesting procedure was followed by 
the California division of highways which 
maintains 2 camps where men are given the 
privilege of doing part time work on high¬ 
way improvements in exchange for board 
and room. The men sent to these camps 
were distinctly above the average type of 
laborer in such camp?, and were mostly 
young mqp. About 500 were cared for*by 
this method, * 

Amorganization of unemployed engineers 
of Philadelphia, Pa., was formed for the 
purpose of keeping up the morale of their 
fellow engineers, and assisting employers 
in ^curing competent technical help. 
Approximately 1,000 meh’have been regis¬ 
tered with this group, “The Philadelphia 
Technical Service Committee, ’’ and positions 
are being found in all branches of’industry. 
(See Electrical Engineering for July 
1932, p.526.) 

As of May 28, 1932, the Engineers’ 
Relief Committ^ of Pittsburgh, Pa., has 
collected $6,148.86, unpaid subscriptions 
amounting to $3,1§7.16. This has been 
expended |s follows: $2,403.75 for 174 
loans to be repaid by 55 individuals, 
► $3,215.76 covering 230 contributions to 46 
individuals, $146.10 for operating expenses, 
leaving a cash balance,of $383.25. A total 
of 209 c3ses also had been handled at that 
time, 55 men having been placed in em¬ 
ployment and 69 men paid from the com¬ 
mittee’s funds. Only the most destitute 
were assisted. 


The Oregon Technical CoundJ, Portland, 
has been disbursing funds for engineers’ 
relief since March 10, 1932. A total of 
$1,750 has been loaned to 21 applicants. 
These loans usually run from $5 to $60, 
no applicant having received over $200. 
t $2,762.14 has been paid by 121 sub¬ 
scribers, about $800 still r emaining in the 
bank on September 3. The sources of the 
fund classified by societies'are shown in 
Table IX. Plans for the coming year 
contemplate raising a larger amount from a 
much larger number of individuals, thus 
relieving the burden on those subscribing. 
These subscriptions are riot donations, but 
are loans which will be returned as the loan 
notes are repaid. 

The plan of the Rochester, N. Y., engi¬ 
neering groups last winter was to pool their 
interest with that of the American Engi¬ 
neering Council’s committee on unemploy¬ 
ment of Western New York, which was 
organized to assist in promoting work which 
would bring more employment to engineers 1 
in this community. An emergency relief 
campaign also was organized in Rochester 
in which the citizens agreed to spend 
$6,000,000.00 during 3 months for im¬ 
provements to their homes, factories, or 
offices. Of particular interest in this 
section is the “Rochester plan” which was 
organized by some 16 Rochester industries 
to assist iw relieving' unemployment in the 
State. This plan, quite well known through¬ 
out the country, does not become operative 
until 1933, but should be an important 
step in curbing future depressions. 


Letters to ike I Jiff 


tor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in "previous issues, or 
other subjects of some general interest and pro¬ 
fessional importance. Electrical Engineering 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 
STATEMENTS iu these letters are expressly un¬ 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog¬ 
nition by the American Institute of Electrical 
Engineers. 


Consumption, 

Production, Distribution 

To the Editor: 

The report on the present economic 
situation rendered by the Anierican En-* 
gingering Council (see Electrical En¬ 
gineering for June 1932, p. 373-7) seems 
to me so far beside the facts, so full of 
obvious inconsistencies and direct con¬ 
tradictions, that, rather than give time to a 
discussion of the "Report” itself, I shall 
present hereafter certain specific conclusions 
I have reached as to the past performance 
k of the existing economic system. Only in 
this way, I thi^jk, is it reasonably probable 
that any psoper deductions as: to cause and 
effect caq J>e drawn. • , 

The conclusions presented are drawn from 


a very extensive research and energy survey 
of North America now being conducted by 
“Technocracy” in the department of in¬ 
dustrial engineering in Columbia Univer¬ 
sity. The conclusions are reached through 
an application to the data of the theory of 
energy determinants." 

The enormous quantity of as^pciated data 
covering a large number of products over 
long periods of time and made available 
through tijis research proved to be the only 
source extant from which any direct con- 
(flusiQas could be drawn. Certainly no 
such data are to be fount? in any e.risting 
treatise or work on economics, nor do the 
publications of the several industries, our . 
financial institutions, or of the Government, 
present -She required information in logically 
assimilable form. 

A considerable reading in the so-called 
science of economics has led me to the 
inevitable ^conclusion set forth by Veblen, 
that the foundation of this science rests 
ujjon the economic’ preconceptions of the 
18th century, and that it merely attempts to 
describe our modem economy in these terms. 
Certainly no “law” of this science has been 
based upon ^thoroughgoing analysis of per¬ 
formance in fixed measured units. The 
“law of supply and demand” is an instance. 

It appears to me that economics was §till in , 
the state of physical science befpre the birth 
of Galileo. Nothing has yet been written 
that attempts to aline the performance * 
of money and price with the performance 


of the productfon-distribution-consumption 
system in terms of a common unit of 
measure. ' • 

Physical energy is fundamental in modem 
civilization. If its Sow -ceased (no coal, 
no oil, no water power,»*no electric power) 
our civilization would cease and we would 
starve to death in 20 days or thereabouts.. 
The change from man-power at 0.1 hp 
pet unit to mechanical power of unlimited 
hp per unit began lb 1840, arid since then 
has increased at a rate approximating the 
8 th power of the time. Double the time 
and our civilization has used 2 8 = 256 times 
the power. Between 1830 and 1930 tHfe 
amount of powef used in the United States 
increased 360 times. At the present time 
we, on the average, use 150,000 kg-cal of 
energy per capita per day. Of this only 
7 per cent is involved in sustenance (food). 
The remaining 93 per cent is used jn mak¬ 
ing, distributing, and operating things not 
sustenance, such as automobiles, railroads, 
•all applications of electric light and power, 
buildirigs, and clothing. , 

Put this measure op any living scale* in 
any part of the world at any time, and 
much may be learned about the economy 
of that place and time. Previous to 1840 
in all kqpwn civilizations, and in China 
today, the rate of energy dissipation''did* 
and does not, exceed 2,000 kg-cal per capita 
per day. The implication as to social 
changfe and all its concomitants is obvious 
and significant. Mark you, this change 
from all of the past has taken place in not 
quite a century! Observe that, in spite of 
our vaulting assumptions, on this scale, our 
living “standard” in relation to our energy 
reserves is the lowest of any other people in 
the world! , 

At this present rate of consumption of 
energy all our available energy resources 
will have been used in a century Cppproxi- 
mately). If the rate continues to increase 
as the 8th power of the time, then in 50, 
years from now, or by 1980, the rate of 
consumption of energy per capita will be 
6,760,000 kg-cal. per day. In such an 
impossible case our entire onefgy reserves of 
coal and oil would be used up at that time 
and all available water power would be 
entirely insufficient. • * 

It matters not a rap what men think,* 
wish, or desire. We are face to face with a 
law of nature. The4aw of conservation bi 
energy has a perfectly definite social 
implication, and, as a corollary to that, 
a perfectly definite political implication! 
It follows that Malthius’ law requifes 
restatement in terms of energy. # 

The average production of all goods has 
increased since 1840 as the 3rd power (puke) 
of the time. Since 1890 production as a 
whole in 1928 had tripled. Some products 
have increased at much greater rates. 
Steel production has increased as the 6th 
power of the time. The continuation of 
such rates of growth is physically impossible. 
If the maximum rate of growth in coal 
production had maintained for 50 years, it 
would require that the whole earth be a 
solid ball of coal! 

Meanwhile the man-hours used per*un!t 
of production has decreased at sftnilar 
rates. In steel, the rate of decrease has 
beeg. as the inverse 4th power of the time, 
in automobiles even "greater. In pig-iron 
production one man-hour does today what 
650 man-hours accomplished 100 years ago. 
In agriculture it requires but 1/3,000 of the 
man-hours per Unit of product required in 
1840. In incandescent lamp manufacture 
one man-hour accomplishes as much as 
9,009 man-hours accomplished only so short 
a time'past as 1914! ®ne can go on in¬ 
definitely marshaling such facts. The ratio 
for the whole since 1840 is not far from 
1/3,000. V 

, The rate of decrease 1 in man-hours as a 
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whole is greater than the ral% of increase in 
production, and since 1918 the rate^of de¬ 
crease in man-hours has been approximately 
the same as the rate of increase in power 
efficiency of production. We are now sub¬ 
stituting kilowattteaurs for man-hours on a 
parity basis—1,500,000 ft-lbs per 8 hours = 

1 man.* 

* If the rate of decrease in man-hours main¬ 
tains for 50 years, there will be 20,000,000 
unemployed in this'couwtry. At lie peak 
of production in 1928 there were nearly 
3,000,000 unemployed workers—an amazing 
fact when you first run into it. If the 
whole production plant were put to work 
at full capacity today, there would be about 
6 ,000,00(iunemployed workers. 

Observe that, in spite of our technical 
supremacy, the energy efficiency of our 
civilization* grows less at an . accelerated 
rate! Deterioration of quality under the 
stimulus of competitive "cost” and its 
concomitant hastened obsolescence 
through use—in other words, waste—in-* 
dicates one reason for the wide departure 
.between the rates of increase in energy flow 
and increase in production, even after 
deducting the rate of substitution of kilo- 
'watthours for man-hours. 

The above 3 fundamental facts, (a) the 
important pfface of physical energy in our 
Civilization, (b) the growth^rates of produc¬ 
tion which cannot maintain, and (c) the 
fact that the decrement in*man-hours ex¬ 
ceeds t£e growth of production, form the 
only .proper basis for discussion of the 
present situation or future possibilities. 
The facts given are not wild guesses. They 
are a few resulting from careful analysis of 
much available data that has been checked 
several ways, aqd submitted to criticism. 

Now t& another matter. The industrial 
debt of this country—bonds, mortgages, 
bank loans, and all other interest-bearing 
amortized secufities—totals approximately 
.218 billions. Taxfes and obsolesence in- 
included, the fixed charges on this debt is 
34 billions a year—practically half • the 
national income of 1928! Since 1840 this 
<^ebt has incre&ad as the 4th power of the 
time. In other words, we owed in total 16 
times as much in 1930 as we owed in 1895. 
The Government had in issue (June 30, 
•1931) about 6 billion certificates of debt in 
the form of demand notes called paper 
money. Add this to the 218 billions to get 
aV&nd total of 224 billions of debt based on 
5 billions of gol<i» fir roughly speaking, our 
money assets have to our liabilities the ratio 
of*1/50 or 2 cents on the dollar! The war 
debts' are n^ere pocket change. What would 
be said of a manufacturing concern in such a 
financial position? What action on the 
part <Jf the creditors would naturally follow? 

Note that population has been increasing 
as the square of the tune. Therefore the 
ratio of debt to population increases as 
t*/P = f 9 , or as the square of the time. 

In 1930 each one of us on the average owed 
4 times as much as we owned in 1895. If 
you think this cannot be correct, look up the a 
data yourself. * 

Note also that while the debt increases 
as the 4th power of the time, production 
increases as the 3rd power of the time. It 
follows that the debt, which must be sup¬ 
ported by the sale of produced goods, in¬ 
creases faster than the production of tflese 
goods. In,other words, the goods are *‘put 
iii hock” faster than they can be produced! 
How long, and by what kind of financial 
legerdemain, can such a proceeding be 
.maintained? * 

Now in the light of suoh facts,, confSider 
the economic and financial promulgations 
issuing frbm the Hague, from GeneVh, from 
Lausanne, and from Washington! Finally, 
examine the "reports” on the economic 
situation produced by American Engineer- • 
ing Council! » * * 



Indeed, it is true that "our bankers are 
debt merclfants and economics has become 
the pathology of debt.” Price and produc¬ 
tion have little relationship now, and ere 
long will have none. The obvious conclu¬ 
sion is that a production-distribution sys¬ 
tem, energy operated, cannot be controlled 
by price, and it is footless to try. Cer- 9 
tainly our experience of the past century 
should show us how footless the attempt has 
been. • • • 

The machine is an agent of liberation. 
Each of our 35,000,000 workers now uses 
3,000 energetic slaves in the form # of 300 
mechanical hp, each horsepower being the 
equivalent in work done to 10 human slaves. 
The machine as a wholl actually requires 
but 2 (not 4) 8-hour days per week from each 
worker. Why should he do. more ^jhen, 
as Russell says, “the morality of work is the 
morality of slaves.” 

Obviously each worker must have ade¬ 
quate purchasing power, even if he works 
but 660 hours or less a year. Well, why 
not give it to him. But if the facts set down 
above are fairly correct it is quite evident 
.this purchasing power cannot be in terms of 
"price.” The ingrained concept of price 
stands in the way of a clear comprehension 
of the economics of an energy system, 
quite as the ingrained Euclidian concept 
of the straight line inhibits a dear compre¬ 
hension of a non-Eudidian space. Evi¬ 
dently the unit of labor or work—the man¬ 
hour—is not the proper measure of economic 
values for we are doing away with the man¬ 
hour. . 

Well, what is the answer? Certainly 
it is not contained in the report of* the 
Engineering Council for one! 

Very truly yours, 

Bassett Jones (F’30) 

(101 Park Ave., 

• New York, N. Y.) 


Author's Note: The time rates give# in the above 
are illustrative. The actual functions fitting the 
data are not simple functions of*the time, but do 
not involve higher powers of the time than those 
given. Thus, I have expressed population growth 
as the square of the time IK That is sufficiently 
accurate for the present* purpose. The actud 
population growth functiSn for the United States 
is given by Pritchett, p = 9,064,900— 6281430/ + 
842377/* + 19,829,500 log /. For productfon of 
goods, the functions are oscillating, the power of 
the time given being the highest power in the equa¬ 
tion of the axis of oscillation. 


European • 

BroadcSsting Stations 

To the Editor: 

In connection with the short* notice on 
"European Broadcasting Stations,” appear¬ 
ing in Electrical Engineering for Sep¬ 
tember 1932, p. 666, it may interest your 
readers to get a few data about the equip¬ 
ment used to an increasing degree in Euro¬ 
pean broadcastingLptations. • 

Late in 1928 the Marconf Company in 
London, England, dedded to install for the 
new Chelmsford station a high-voltage mer¬ 
cury arc rectifier for feeding the amplifiers, 
for which purposes otherwise thermionic 
valve rectifiers had.beftn used, and which 
give satisfactory service but unfortunately 
have only a very limited life, thus enor¬ 
mously increasing the operating costs of such 
stations. With a mercury arc rectifier no 
such difficulty could be expected and in fact 
the equipment in Chelmsford operated with 
entire satisfaction since its first starting to 
operate in September 1929,. This rectifier 
was designed foi« an output of 400 kw at 
d-c voltages of 9,000, 10,900, and 12,000 
volts. 

. • 
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Based on these favorable results, the Mar-" 
coni Company has later installed a number,, 
of similar rectifiers in the stations built for 
Warsaw, Poland (1,000 kw, 15,000 volts di¬ 
rect current), Muenster, Switzerland (270 
kw, 12,000 volts) and Athlone, Irdand (460 
kvs, 13,000 volts), this latter station having 
first been opened for broadcasting the fea¬ 
tures of the Eucharistis* Congress held in 
Dublin in June 1932. The German post 
administration followed this example and 
so far equipped 5 stations with high voltage 
rectifiers ranging from 360 to 1,170 kw and 
12,000 to 13,000 volts direct current. Other 
equipments of thfe nature will soon tfe put 
into operation in Torino, Italy,, and some 
other European stations. 

This development, accomplished in the 
shqjrt period of 4 years, shows that mercury 
arc rectifiers as designed for this special pur¬ 
pose are bound to replace successfully ther¬ 
mionic valve rectifiers with their limited life 
period, and shows that they have already se¬ 
cured a turn place in modem radio station 
equipment. • 

Very truly yours, 

Paul R. Sidler (A’31) 

(New York Representa¬ 
tive, 19%ector St., New 
York, ]J. Y., of Brown, 
Bovffli and Co., Baden, 
Switzerland) o 


Engineering and»o 
Human Happiness 

To the Editor: 

Many of your contributors and corre¬ 
spondents on the subject "Engineering and 
Human Happiness” recognize in some 
measure that "man’s life consisteth not in 
the abundance of the things which he 
possesseth,” and that the fundamental 
condition for individual happiness is an 
inward or spiritual state characterized by 
peace of mind and love f<?r one’s fellow men.* 
As to what power can create that funda¬ 
mental condition, no answer is nearer the 
truth than that of Doctor Pupin in your 
March issue. (See Electrical Engineer¬ 
ing, March 1932, p. 156-7.) 

... Given a proper spiritual foundation, 
true happiness can exist,with the minimum 
of physical necessities or even without them. 
Engineering as c factor in human happi¬ 
ness seems therefore to be mainly dependent 
upon the spiritual state of the individual and 
of society as a whole. Only when man is 
inwardly prepared , for a right use of the 
gifts of science will the world be safe for 
engineering progress. 

* Very truly yours, 

C. Kent Duff (A’28) 
(University of Toronto. 
Toronto, Ont., Canada) 

• 

“Class O’* 

Insulating Materials 

■ 

*To the Editor: 

The A.I.E.E. standards committee^ in 
1922 provided an additional class of insu¬ 
lating material, namely, "Class O—■Cotton, 
silk, paper, and similar materials when 
neither impregnated nor immersed in oil.” 

The committee, possibly* influenced by 
the business depression of 1921, acted in 
response to a demand for cheaper electrical 
apparatus. We are again in the midst of* 
a far more serious business Repression, and 
we. now have abundant time to contem¬ 
plate past history. Can wo sav # that , we 
were justified in abandoning the funda- 
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yfeiital principles *upon whieB to 

ivfv l ? ti,?g luat + 7 iaIs are based? DoSMt 

P^y to ignore the superior qualities of Lf 
prugnateci absorbent material!™ 
wttli a suitable # substance tha^repiaw^the 

Jesulnai moisture and air. betweSi 
iiliCTS —entirely covers its fibers „L ltS 

them adherent to each other and 
voiuluctorsa substance that will not flow 
f «vuporftte during the operating serriS 
V* the machines regardless-of overload or 
Prolonged action of heat? ° r 



-—• —- vrwuo organic 1 ' and 
»rtorganic wherever mentioned, as we 
‘ii-pend upon the useful blending together 
*•1 all components to make one solid homo- 
Kvneous winding structure. 

- Iu Conclusion, may I say that enameled 
Msre.ts in a class by itself, the most eco¬ 
nomical wire to make and to use. We 
have to impregnate the enamel cover- 
np;s, and we could not if we wodld. We 
•We now available ready-made, solvent- 
b ss. dry, and transparent varnish films 
t. cellulose acetate films) to use as layer 
mutilation for enameled wires; a combina¬ 
tion that effectively eliminates varnish 
tanks and vacuum impregnators in magnet 
roll (induction Clieseby offering another 
* argument lot" the elimination of “Class O” 
mjiulating materials from the A.I.E.E. 
Mnmlurds. 

Very truly yours, 

* II. .W. Turnkx (A’03) 

1# Troy Place* Schenectady, N. Y.) 
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Selecting an 

Engineering Career 

**K«gineerhig: A Career—A Culture” is 
thu "title of a pamphlet having as its aim the 
of young men, their parent^, and 
toitellers iu high schools and preparatory 
to answer the all-important ques- 
* ti* »u: Should the vocation of engineering be 
Kt-lttcteri as an individual’s career? Reliable 
information for answering this question is 
► m***rjed; romantic stories or enticiiyg propa- 
gamlu will not do. 

Xhe information presented in this pam- 
has been compiled by the educational 
research 'committee of the Engineering 
Fmmdution, in cooperation with the socie¬ 
ties which its members individually repre- 
<wiit, namely: American Society of Civil 
Kngineers, American Institute of Mining and 
Metallurgical Engineers, The American Soci- 
r l,y of Mechanical Engineers, American In¬ 
stitute of Electrical Engineers, American 
Institute of Chemical Engineers, and the 
Society -for the Promotion of Engineering 
Krlucation. 

Following a general chapter upon engi¬ 
neering requirements and opportunities, 
chapters are devoted to the specific branches 
» ( f engineering, namely: civil, mining, 
metallurgical, mechanical, electrical, and 
(•hvinicar engineering- Chapters also are 
intituled <typon» tlie preparation for engi- 
mrering, and another upon the earnings of 
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engineers. The purpose in preparing this 
pamphlet has been to provide as helpful 
vocational guidance as practicable for engi¬ 
neering as a whole and not for any particular 
group. 

In the pages of this pamphlet much is 
told about what engineers do, and what 
qualities of mind and character a youth 
should have to become an engineer. There 
is information upon the*schooling that t he 
boy should have, and upon the engineering 
colleges; also upon the training after college 
is ended and professional work is started. 
Some idea of the nature of the pamphlet 
may be gained from the following excerpts 
taken from the chapter on electrical engi¬ 
neering: 

“Electrical engineers must possess mathe¬ 
matical abilities even greater than those 
necessary to other engineers, for the thing 
with which they deal, electricity, is energy 
without material embodiment, and it can 
be treated only as a mathematical formula. 
Elsewhere we have pointed out the qualities 
of imagination required of civil, me chanical , 
and chemical engineers, who deal primarily 
with material forces and their relations. 
The electrical engineer’s mathematical 
analysis of energy and of its applications 
leads him into a realm of almost meta¬ 
physical speculation. . . . Multiplex tele¬ 
phone and telegrapfi systems for carrying 
numerous messages simultaneously over the 
same wires, long distance cables where 
hundreds of circuits within a single sheath 
must be prevented from interfering with 
one another, and the distance effect from 
the extremely high tension power lines which 
„ cover the country, all present problems 
solved only after the most exacting mathe¬ 
matical analysis. ... „ 

“Within the corporations of this (elec¬ 
trical) industry most^ electrical engineers 
find theif ca?<3fers. From the very nature 
of, the business, large groups have become 
ttye rule. Telephone* telegraph, radio, and 
power transmission iaiply the connection 
of many points into systems with interests 
and administration in common. Growth, 
too, has been so closely dependent on con¬ 
tinued active research that the economy of 
cooperation in this activity also has aided 
in the formation of large corporations.” 

Following also is an excerpt from the 
chapter on preparation for engineering: 

“Engineering is essentially scientific 
pursuit founded upon mathematics and 
natural sciences... .You should be prepared 
to analyze -ideas by the logical reasoning of 
science and with the accuracy of mathe¬ 
matics. . . . The surest indication of posses¬ 
sion of 4:he requisite mental ability is your 
demonstration of it in school. If you have 
been consistently in the upper half of your 
classes, dir preferable in tfce upper third, it 
is probably that you do.. ... . You should 
clearly differentiate between the man who 
« builds things with his own hands (a me¬ 
chanic) "anS the professional engineer who 
plans the things the mechanic builds. The 
engineer should cultivate his capacity to 
visualize the intended result of his plan, to 
see with his mind’s eye the things he plans 
in 3 dimensions as if they were already 
built.” 

The pamphlet wjjl be revised as frequently 
as found desirable and made available to 
persons in all parts of the qjuntfy year after 
year. It is being made available through , 
the local sections of the national engineering 


societies, the Colleges and their alumni 
organisations, and the Society for "the •Pro¬ 
motion of Engineering Education. Copies 
can be obtained also from The Engineering 
Foundation at 29 West 3$th St., New York, 
N. Y. In lots of 50 or multiples of 50, the 
price is $10 per 100 copies. For, single 
copies and for lots less than 50, the price is 
15-cents per copy. Orders may be sent 
at any time; 10 pernent-discount is allowed 
for quantity orders with cash before Decem¬ 
ber 31, 1932. Remittances shoftM be made 
payable to The Engineering Foundation. 


Standards 


Revision of •. 

A.I.E.E. Standard No. 4 

The standard for “Measurement of Test 
Voltages in Dielectric Tests,”* fto. 4 in*the, 
A.I.E.E. series, ■has been revised through 
action, of the* standards committee on 
October 11, which action was confirmed by 
the Institute’s board of directors October 
12, 1932. The revision concerns para¬ 
graph 4-102, the first 6 lines of that 
paragraph to be revised to read: 

“Impedance of Testing Transformers .—For 
accurate tests, the impedance of the testing 
transformer should be not greater, than 
20 per centjbased on voltage and current 
at which the transformer is operated for 
any test.” 

Those having Standard No. 4 may qbtain 
an insertion slip covering this change by 
writing to the standards committee at 
A.I.E.E. headquarters. * - • 


* 

Proposed Test Code • 
for Synchronous Machines •• 

A proposed “Test Code for Synchronous 
Machines” was submitted by the Institutes 
electrical machinery committed to the 
Institute’s standards committee at its 
meeting of October 11, 1982. Publica¬ 
tion of this code, the second in the series 
originally proposed* by the standards 
committee, was recommended to the board 
of directors and approved by that body on 
October 12. The work of publication will 
•get under way at once and a later notice of. 
"availability will appear as soon as the 
date of is3ue is known. The first code, 
“Transformer Test Code,” has been out 
for comment since October 1931. Th^je is 
no charge for copies. Address the stand¬ 
ards committee at A.I.E.E. headquarters. 


Lightning Protection 
Cjpde Is Revised * * 

By the action of the Standards Committee 
on October 11, 1932, lsfter confirmed by 
the board of directors, the revision of the 
“Code for Protection Against Lightning” 
as submitted bj thq, sectional committee 

* •' 
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under the chairmanship of Qr. M. G. Lloyd 
was. approved. The original co<j.e, de¬ 
veloped under the joint sponsorship of the 
Bureau of Standards, and the Institute, was 
approved by the American Standards As¬ 
sociation in Aprif'1929, and was issued as 
publication No. 92 of the Bureau of Stand¬ 
ards. The present revision concerns parts 
1 and 2 of the code covering protection of 
persons and protection of buildings and 
miscellaneous property. The revised code 
now willogo to the American Standards 
Association for approval, as recommended 
t>y both sponsors, and a n^w edition eventu¬ 
ally will be issued by the bureau of Stand¬ 
ards of tne U. S. Department of Commerce. 


Calvin W. Rice (A'97, FT2) national 
secretary 6f The American Society of Me¬ 
chanical Engineers? New York, N. Y., has 
been appointed a member of the National 
Research Council on the division of engi¬ 
neering and industrial research for a term 
of 3 years beginning July 1, 1932. 

« 

L. P, Morris (A’30) previously special 
research assistant*on the ellctrical engi¬ 
neering staff of the University of Illinois, 
(Urbana) recently joined the television 
engineering department of the U.9. Radio 
and Television Corporation at Marion, Ind., 
where he will take up Residence. 


Wires and Cables 

The 3 standards for wires and cables that 
w£re approved by the American Standards 
Association on Mayr21, 1931: (1) “Ameri¬ 
can Standard Definitions and General 
Standards for Wires and Cables” (Revised 
A.I.E.E. No. 30); (2) “American Tenta¬ 
tive Stand&rjl Specifications fof Weather¬ 
proof Wires and Cables” QLI.E.E. No. 72); 
and (3) “American Tentative Standard 
Specifications for Heat Resisting Wifes and 
Cables” (A.I.E.E. No. 73) now are avail¬ 
able” in pamphlet form. Copies may be 
obtained through A.I.E.E. headquarters. 
No. 30 is 30^ per copy and Nos. 72 and 73, 
issued as one pamphlet, is 20j5 per copy. A 
discount of 50 r per cent on single copies is 
allowed* to A.I.E.E. members. For a de¬ 
tailed'statement relative to these pamphlets, 
see thr August 1932 issue of Electrical 
Engineering, p. 599. 
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A. H. McLean (A’21) deputy city elec¬ 
trical inspector of Portland, Ore., will head 
the Northwest Section of the International 
Association of Electrical Inspectors as its 
president for the ensuing year, apeording to 
reports from that organization’s convention 
held at Wenatchee, Wash., September 6-8, 
* 1932. 


A. S. Brown (M’30) formerly in re¬ 
sponsible charge of all electrical engineering 
activities for the Federal Telegraph Com¬ 
pany, Palo Alto, Calif., recently became 
associated with the Butte Electric & Manu¬ 
facturing Company, 6an Francisco, as its 
manager. Mr. Brown was bom JuJy 1, 
1889, in Minneapolis, Minn., received from 
Montana State College in .1910 the degree 
of Bachelor of Science in Electrical Engi¬ 
neering, and in 1916 the degree of Electrical 
Engineer. * Before* joining the Federal* 
organization November 1928, he had had 
7 years of electrical and radi® experience 
with the United States Navv in positions of 
increasing importance, including service as 
radio engineer for the U.S. Navy*at Mare 
Island, Calif., Cavite, P. I., Peking, China, 
and at the Naval Research Laboratory, 
Washington, D. C. 
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M. S. Sloan <£A’07, F’30) from 1928 
through 1931 president of the New York 
Edison and affiliated companies, recently 
was appointed by the United States Cham¬ 
ber of Commerce as chairman of its com¬ 
mittee on federal expenditures. 

E. W. Judy (A'26) operating manager of 
the Duquesne Light Company, Pittsburgh, 
Pa„ recently became a vice-president of the 
Pennsylvania Electric Association, an or¬ 
ganization with headquarters at Harrisburg, 
Pa. • 

#> 

' Cl E. Larin (A’25, M'30) who has been 
serving the National Electric Power Com¬ 
pany, New York, N. Y., as electrical engi¬ 
neer now has removed to Greenville, Qhio, 
to become^president of the GreenvilleJElec- 
tric Light and Power Company. 

J. H. Service „(A’22, M’30) who has been 
professor* of physics an<^ mathematks at 
Henderson College, Arkadelphia/Ark.. left 
that position the Jatter part* of September 
1932 to become instructor in 
and physics at the Michigan College of 
fining and. Technology, goughton, « 

8W 
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R. H. Marvin (A'04, M’29) since June 
1926 Engineering Foundation’s “Research 
Fellow in Electrical Engineering” at the 
Johns Hopkins University, Baltimore, Md., 
recently became labdtatory engineer for the 
Doble # Engineering Company with* head¬ 
quarters at Medford Hillside, Mass. Doc¬ 
tor Marvin was bom in Brooklyn, N. Y„ 
October 27, 1879 ; received his RLE. dfegree 
in 1903 from Stevens Institute o& Techj 
nology, Hobokeff, N. J., his M.S. degree in 
electrical engineering in 1914 from Union 
College, Schenectady, N. Y., his Doctor of 
Philosophy from Johns Hopkins University 
in 1928. Prior to his work at Johns Hop¬ 
kins he was successively: in the laboratory 
of the General Electric Lamp Works, 
Harrison, N. J. (1903-5); test department: * 
of the General Electric Company, Sche¬ 
nectady, N. Y. (1905-$); protective appa¬ 
ratus laboratory General Electric Com¬ 
pany, Schenectady, N. Y., associated with 
the development of lightning protective 
devices and investigation of *transmission 
system disturbances (1906-14); electrical 
engineer for The R. Th6mas & Company, 
East Xiverjjpol, Ohio, in pharge of des i g n 
and testing of high, voltage Insulators and 
line material (1914-18 and 1919-25); and 
* >' . ••• 
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first lieutenant, radio (-development de¬ 
partment, Signal Corps, United State? 
Army (1918-19). 


• 

•Stanley Stokes (A’16, M’21, F’29) 
consulting electrical engineer for the Union 
Electric Light & Fbwer Company, St. 
Louis, Mo., was njade a vice-president of 
the Institute representing the South West 
Dfctrict (No. 7) by action of thef'Institute’s 
board of directors, October 12,1932. Mr. 
Stokes was appo&ted to serve until July 31, 
1934, filling the unexpired term of G. A. 
Mills, formerly of Dallas, Texas, but re¬ 
cently removed to Lansing, Mich. Mr. 
Stokes was bonj in Columbia, Mo., Febru- 



STANLEY STOKES 


ary 19, 1890; started to school in Cam¬ 
bridge, Mass., while his father was doing 
graduate work at Harvard University. 
Continuing through the customary grade 
schools, he subsequently went to Kirka- 
ville (Mo.) State Teachers’ College, then 
attended and subsequently (1912) gradu¬ 
ated from the University of Missouri, 
with the degree of Electrical Engitip p ? 
representing an additional year’s work. 
In 1910 and 1911 during summer vacations 
he was with the Teljuride Power Com¬ 
pany, Utah, on telephone reconstruction 
work/* During r this period he received 
through the Telluride Association a scholar¬ 
ship at Cornell University of which he was 
unable to take advantage because of ^ 
financial reasons. During the academic 
year 1911-12 he was student assistant in 
physics r at the University of Missouri. 
Since 1912 Mr. Stokes has been associated 
continuously with his present or affilia ted 
companies: 1912-14 with the Mississippi 
River Power Distributing Company as 
material clerk, estimator, and harutiiig 
sundry other details incident to substation 
construction in connection with the Keo¬ 
kuk development; 1914-15, with the 
Electric Company of Missouri on cost 
analysis, rate schedule, and Other such 
work, acting as assistant to the vice- 
president; 1915-16, sales engineer for the 
Electric Company of Missouri; 1916-18, 
superintendent of the Jefferson (Mo.) 
division of the Union ElectricLight and 
Power Company in charge of transmission 
and distribution construction, and the con¬ 
version and interconnection of small IocaT 
plants; 1918—25, manager*of the-outlying 
plant division of this company, Serving also 
during this interval as vice-president £nd 
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general manager of the Commercial Tele¬ 
phone Company operating in Franklin 
County, Mo.; 1925-29, assistant vice- 
president in charge of electrical engineering 
and power supervision, in charge of con¬ 
struction of major transmission lines, arid 
responsible to a latge degree for important 
work in qonnectiorl with the further de¬ 
velopment of the Keokuk hydroelectric 
plant and the complete layout of the 
Cahokia Steam-electric generating pla»t* 
as well as the interconnection of these 
plants? Mr. Stokes’ activities have in¬ 
cluded participation in the affairs of the 
St. Louis Section, for which he hag served 
as secretary and also as chairman of the 
program committee. His .technical writ¬ 
ings, include “Hinged Wooden "Arms Used 
on Osage-Rivermines Line,” published in 
Electrical Engineering for February 
1932. 
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which he is npw chairman. Through hold¬ 
ing this office he automatically becomes a 
member of the Institute's technical pro¬ 
gram committee. 


R. T. Henry (A’24, M’29) who now is 
electrical engineer in charge of design for 
the l^uffalo, Niagara & Eastern Power 
Corporation, Buffalo,*N. Y., has been chosen 

• as chairman of the Institute’s technical 
committee on protective devices for the 
‘ensuing year. Mr. Henry was born at 
-Stronghurst, Ill., and acquired his prelimi¬ 
nary edtfcation in the’Niagara Falls high 
school graduating in 1907. He then at¬ 
tended the General Electric engineering 
school at Lynn, Mass., for one year and sub¬ 
sequently attended a summer session at 
the University of Michigan. In 1908 he en¬ 
gaged with the General Electric Company, 
at Lynn, as draftsman, a year later to join 
the- Niagara Falls Hydraulic Power and 
Manufacturing Company, Niagara Falls, 
N. Y., in like capacity. In 1912 he became 
Assistant electrical ^engineer of the Hooker 
Electrochemical Company, Niagara Falls, 
N. Y., where he was in charge of electrical 
construction. The next year he became 
designing draftsman of the Edison Illumi¬ 
nating Company, of Detroit, Mich., and 
in 1914 joined the Niagara Electric Service 
Corporation, Niagara Falls, N. Y., as as¬ 
sistant superintendent. Between 19JJ8 and 
19129 he was assistant electrical engineer of 
the Niagara Falls Power Company, the work 

• involving supervision of the design and con¬ 
struction of additions to the generating sta¬ 
tions at Niagara Falls, including 3 32,500- 
kva units and 3 65,000-kva units, ^together 
wiiJi the high tension and low tension switch¬ 
ing stations, transmission lines, and under¬ 
ground cable systems. Since 1929 Mr. 
Henry has been electrical engineer in charge 
o^design for the Buffalo, Niagara & Eastern 
Power Corporation, Buffalo, N. Y„ this 
position really being a continuation of the 
previous one. Outstanding among the 
many features which this work has involved 
is the introduction of the small unit type 
distribution substation. Mr. Henry is a 
member of the National Electric Light 
Association, having been a member of its 
electrical apparatus committee and chair¬ 
man of its protective equipment committee. 
He is a membef of the joint committee of 
the N.E.L.A., A.E.I.C., and N.E.M.A. on 

«oil circuit breakers. He was chairman of 
the Niagara Frontier Section of the A.I.E.E. 
for the yea* following August 1, 1929, and 
since 193J,has»been a member of the Insti¬ 
tute’s committee on protective devices, of 


J. W. Barker (M’26, F’30) dean of the 
engineering faculty at Columbia Univer¬ 
sity, New York, N. Y., since early in 1930, 
has been elected president of the Illumi¬ 
nating Engineering Society for the year 
beginning October 1. 1932. Dean Barker 
was bom June 17,1891, at Lawrence, Mass. 
He pursue^ his edupation to graduation 
from Massachusetts Institute of Tech¬ 
nology, Cambridge, in 1916 with the degree 
of Bachelor of Science, subsequently taking 
graduate work (1924-25) that led to his 
receiving from the same institution in 1925 
the degree of Master of- Science* After his 
graduation in 1916 Dean Barker went as a 
second lieutenant into the ooast artillery of 
the permanent establishment of the United 
States Armjr, «.nd iyas connected with 
the dev^Jopm&t of scientific methods in 
that service. He was a major in heavy 
artillery in the American Expeditionary 
Forces and, after tl?e cessation of hos¬ 
tilities in 1918, served various commissions 
in France, Germany, and the United States. 
After his return to the United States he 
continued in the army as a high ranking 
captain in the Coast Artillery Corps, where 
he worked on important projects for sound 
ranging by electric methods. In September 
1925, he resigned frona the army to accept 
appointment as an associate professor of 
electrical engineering at M.I.T., in ’which 
capacity he served until 1929. During the 
academic year 1929-30 Dean Barker was 
professpr of electrical engineering, head of 
£hat department, and director of the elec¬ 
trical engineering curriculum at Lehigh 
University, Bethlehem, Pa. In addition 
to his activities in the Illuminating Engi¬ 
neering Society he is a wnember of The 
American Society of Mechanical Engineers, 
the American Society of Civil Engineers, 
* and thej Society for the Promotion of 
Engineering Education. In Institute affairs 
De^an Barker’s activities have included 
membership on the committee on produc¬ 
tion and application, of light (1929-32); 
committee on education (1930-32); and 
technical program committee (1932-33). 


D. W. Tailor (A’17, ^M’28) assistant 
electrical engineer of United Engineers and 
Constructors, Inc., Newark, N. J., has been 


reelected chairman of the Institute’s tech¬ 
nical committee on automatic stations for 
tshe current year. Mr. Taylor’s birthplace 
was Cedar Rapids, Iowa. He attended high 
school in New York, N, Y., and received his 
1 E.E. degree from Columbia University. 
In 1916 he joined the electrical engineering 
department of the Public Service Electric 
Company,"Newark, N. J., as cadet engineer. 
In 1918 he became engineering assistant, 
working principally on general substation 
design, 1 * system’protection, and inductive 
coordination. As assistant engineer in the 
electrical engineering department of * the 
Public Service Production Company be¬ 
tween 1922 and 1925, he was in charge of 
relay protection for the system of the Public 
Service Electric Company ^ During this 
same period he also was division engineer in 
charge of the electrical engineering’work 
for Hudson Tand Bergen diyisions pf the 
Public Service Electric .Company. From 
1915 to 1927 he was assistant electrical engi¬ 
neer, in charge of electrical desigh for, the 
central division of the company. In 1927 
he became assistant executive* head of the^ 
electrical engineering department, checking 
all electrical estimates and supervising all 
electrical designs. Mr. Taylor was for ’S 
years a member of the relay subcommittee 
of the apparatus comnyttee of the N.E.L.A.„ 
and was one of the editors of the N.E.<* 
L.A. Relay Handbook, tffri^ng, the section 
on d-c protection. 


W. C. Kalb (A’12, MTS) since 1928«wi& 
the carbon sales division of the National 
Carbon Company, Inc., Cleveland, Ohio, 
has been appointed chairman of the Insti¬ 
tute’s technical committee on electrochem¬ 
istry and electrophysics for the current 
year. Mr. Kalb was bom at Arcadia, Ohio, 
’and in 1904 was graduated from Ohio State 
University at Columbus, Ohio, with the 
degree of M.E, in E.E. After 3 year§ as 
mechanical engineer with The Columbus: 
Pneumatic Tool Company, Columbus,. 
Ohiq, and a brief period of construction work 
with |he Jeffrey Mamifacturing Company, 
also located at Columbus, he engaged witty 
the National Carbon Company and was 
placed in charge of its experimental labora¬ 
tory for brush testing and development* In 
1910 lie left the National Carbon Company 
to become superintendent of The Dunlap 
Engineering Company, attirst taking charge 
of production work and later supervising 
, the sales department. In 1919 he became 
associated with $he £qjrliss Carbon Com- 
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pany, and as general manager, continued 
with that company until it was purchased 
by the National Carbon Company, Inc. 
Mr. Kalb’s present work there is in the ad¬ 
vertising and technical publicity activities. 
His work on the Institute’s committees has 
been •ontinuous since 1929, when he was 
made a member of the committee on the 
production and application of light, and 
since 1931 he has %en*?d on the committee 
on electrochemistry and electrometallurgy, 
of which now 1ms become the chairman. 
Jle of .course serves automatically also upon 
the technical program oommittee of the 
Institute, of which all technical committee 
chairmen become an integral part. 



W. *L. Emmet (A’93, M’94, Member for 
Life qpd pa|t-vice-president) consulting 
engineer for the General Electric Company, 
Schenectady, N. Y., recently was the re¬ 
cipient of one of the John Scott Medal 
awards, administered by the Board of City 
# Trusts, Philad^phia, Pa. Doctor Emmet, 
who already is the holder of over a hundred 
•patents on electrical and kindred apparatus, 
received this award for his invention of the 
mercury vapor boiler and its practical ap¬ 
plication* for power purposes. These 
awards, made annually from a fund estab¬ 
lished in 1816 by*John Scott, a chemist of 
Edinburgh, Scotland, carry with them be¬ 
sides the medal, a certificate of achievement, 
and $1,00Q in cash. Bom at Pelham, N. Y., 
Doctor Emmet was graduated from the 
•United StateS Naval Academy at Annapolis 
.in 1881, serving as g. cadet midshipman 
until 1883 aboard the U. S. S. “Essex.” In 
1887 he joined the Sprague Electric Com¬ 
pany, then coping with electric railroad de¬ 
velopment in various sections throughout 
the country, and in 1889 was sent to Pitts¬ 
burgh to superintend one of the largest dec-* 
trie railroad operations of th? time. In 
A8%0 he went with the Westinghouse Electric 
andf>Manufacturing Company, but only for 
a. short time; he then removed to Buffalo, 
N. Y., to become electrical engineer for Ihe 
Buffalo Railroad Company, a position 
•.which he-again left almost immediately to 
join Ihe Edison General Electric Company, 
then just formed, as its district engineer. 
In 3^92 he was transferred to the company’s 
.New York office where lie started a^ engi¬ 
neer in charge of the foreijjn department. 
In 1898 he re-entered the Navy is j unior 
lieutenant, serving as navigator on the 
•U. S. S. "Justin” during the Spanish War 
period. In 1900 he started his work of de- * 
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veloping tjj.e Curtis Steam turbine, the first 
installation of which at Newport, R. I., 
proved his great success in this undertaking. 
Besides the Edison Medal which was 
awarded him in 1919 for his "invention and 
development of electrical apparatus and 
prime-movers,” Doctor Emmet has been # 
the redpient of the Franklin Institute’s 
Elliott Cresson Medal "for discovery or 
original research adding to*the sum of 
human knowledge irrespective of commer¬ 
cial value, of leading and practical utiliza¬ 
tion,” and the Gold Medal of The American 
Society of Mechanical Engineers, awarded 
for "distinguished service in engineering and 
stience.” He is a member of the American 
Philosophical Society, the Soeiety of Naval 
Architects and Marine Engineers, the Naval 
Consulting Board of the United States, the 
National Academy of Sdences, and The 
American Sodety of Mechanical Engineers. 


• R. D. Mershon (A’95, F’12, and past- 
president) recently had conferred upon him, 
for valuable service rendered the cause of 
national defense, honorary life membership 
in the Reserve Officers Association of the 
United States. The ceremony took place 
at the annual convention of that assoda¬ 
tion. Mr. Mershon’s memberships in tech¬ 
nical and sdentific organizations indude the 
U.S. national committee of tfle Interna¬ 
tional Electrotechnical Commission, the In¬ 
ventors Guild (past-president) the American 
Sodety . of Civil Engineers, the American 
Electrochemical Sodety, the Franklin Insti¬ 
tute of theJState of Pennsylvania, the Cana¬ 
dian Sodety of Civil Engineers, The Ameri- * 
can Sodety of Mechanical Engineers, the 
American Association for the Advancement 
of Sdence, the British Institution of Elec¬ 
trical Engineers, the* Sod6t6» Internationale 
des ISlectridens, the University C&b, Engi¬ 
neers’ Club, and Lawyers’ Club, of n|w 
York, and the St. James Club, of Montreal. 


A. H. Babcock (A’04, M’OG, F’12) past 
vice-president of the Institute (1918-19) 
and for some time consulting electrical 
engineer of the Southern Pacific (railroad) 
Company with offices at San Francisco, 
Calif., retired from oftce September 1,1932, 
after §0 ytars of continuous servicVwith 
that company. Mr. Babcock was bom at 
Buffalo, N. Y., August 12, 1865. In the 
course of his technical training fie attended 
both the University of California, Bsfckelejj, 
and Lehigh University, Bethlehem, Pa. 
From November 1891 until July 1?!98 Mr. 
Babcock was associated with the San Fran¬ 
cisco office of constituent companies of the 
General Electric %roup, and from July 1898 
until July 1902 was in responsible charge of 
development work in hydroelectric plants 
and distribution systems for the Standard 
Electric Company (Calif.), a pioneer in the 
California electric utility field. In 1902*he 
entered the railway field as electrical engi¬ 
neer of the North Shore (Calif.) road, and 
laid out the first electrification of a steam 
road to be undertaken on the'West Coast. 
Upon completion of this work he was made 
electjipal engineer of tlfe Southern Pacific 
system, arid later, of all the Harritnan lines 
comprising the* rail netyrofk from New 
Orleans and Omaha to the Pacific, and from 
• 

• ' 
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Spokane, Wash., to Mexico City, and since 
that time has been responsible for every 
electrical project of the Southern Pacific. 
In 1924 he was principal delegate to the 
Inter-American Commission on Electrical 
Communication, held in Mexico. As the 
result of this conference and subsequent dis¬ 
cussion with naval officers, he w^s commis¬ 
sioned for a special service in Remon¬ 
strating the application of short-wave radio 
transmission to naval communications. In 
1925 he went with the fleet on its Australian 
cruise, and as the result of his work at that 
time the navy immediately adapted its com¬ 
munication service to the use of the short 
waves. Genuinely interested in all new 
electrical* developments, Mr. Babcock also 
found time for m*any scientific activities in 
addition* to his regular professional duties. 
He is a member of the Association for the 
Advancement of Science and of the Astro¬ 
nomical Society of the Pacific. He isr a 
charter member and past-president of the 
San Francisco Engineers’ Club, and an 
honorary member of La ^ociedad de Geo- 
grafia Y Estadistica. In addition to serving 
in other capacities, Mr. Babcock was 
chairman (1915-16) of the ^I.E.E. San 
Francisco Section.* 


F. M. Starr (A’SD) of the distribution 
systems section of the central station engi¬ 
neering department of the General Electric 
Company, Schenectady, N. Y., has been 
awarded the 1932 Alfred Noble Prize for 
his paper "Equivalent Circuits—I,” as re¬ 
ported elsewhere in this issue. This paper 
was presented at the A.I.E.E. winter con¬ 
vention, New York, N. Y., January 25-29, 
1932. Mr. Starr was bom in Fowler, Colo., 
in 1906, and was graduated from the uni¬ 
versity of Colorado in 1828 with the degree 
of B.S. in E.E. In June 1928 he entered 
the testing department of the General Elec¬ 
tric Company at Schenectady, N. Y., and a 
year later was transferred to the engineering 
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general department. Two years ago he 
entered the distribution systems section of 
the central station engineering department, 
the position which he now holds. He also 
has taken the company’s 3-year advanced 
course in engineering. r 


Paul Lebbnbaum (A’04* M’13> recently 
was promoted from assisjaift electrical 
engineer Tfor the Southern PacifiC'Xrailrdad) 
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•t'ojnpany, San Francisco, Calif., to the 
t? 1 ? 8 ° f el f trica J ei *pneer for that comply 
r -succeed A. H. Babcock who retired as 
^Ported elsewhere in this issue. M? 
J ; t‘lx*nbaum u%s bom in San Francisco* 

* October 20, 1879. After attending 

tuZ c U , C SC | i ;f N ° f t hat c *y be entered 
»f C ?• Mc^tucs at the University * 
, V ; . lhfu *nia, Berkeley, whence he gradu- 
*» ted ut 1902, immediately to join thetest 
» U‘liurtment of the General Electric Com- 
lH« ly A^r serving in tl^t department 

* t oxn JMay 1901 to May 1902, he served in 
,*V;\ Ct,IU P:iny'.s drafting room untU' October 

* •« rJ, subsequent to which he spent a year 
with the North Shore (Calif.) Railroad 
marmjs its electrification. Since. 1903 he 
llus been with the Southern Pacific Com- 
I*;i*ry. Mr. Lubenbaum has been active 
**i Institute circles on the Pacific Coast, and 
hus > served tlie San Francisco Section in 
various capacities. 


II. Mortmnskn (A’09, M’12, F’20) 
with the Aliis-C^luilmers Manufacturing 
C'tmipany, Milwaukee, Wis., since 1908 has 
bwn appointed by that company # as its 
# r ** Kmeer-m-eharge of alternating-current 
succeeding R. B. Williamson who 
**!i**ti June 20, 1932, as atinounced in Elbc- 
i hical *fCN<iiNiiuuiN«* for August. Mr. 
^Vlortensen was born in Eskelund, Den- 
*»iurk, November 4, 1878; was naturalized 
it! 1008. After varied and extensive school- 
u«K and apprentice experience he graduated 
**« IW02 from Polytechnicum of Mittweida 
i*i Oertnany, with degrees of Electrical and 
M «*chuuical Engineer. In the United States * 
he first served with the Westinghouse 
Jvlfcrtric and Manufacturing Company 
I If 103 -5) and next with the Bullock Elec¬ 
tric? Compand of Cincinnati, Ohio (1905-8) 
his connection with his present 
wuxtimny. 


Corps of the United States Army (1918-19); 
toll systems development department of 
the Western Electric Company (1920-24); 
and subsequently the department of devel¬ 
opment and research of the Am er ican Tele¬ 
phone and Telegraph Company. With the 
I. C. Laboratories Mr. Kelley was engaged 
in the design and development of new types 
of communication systems for use by affili¬ 
ated companies. * -> 


H. & Bennion (M’27) since September 
4, 1926, director of engineering for the 
National Electric "Light Association with 
offices at that organization’s headquarters 
in Ngw York„N. Y., recently was appointed 
assistant executive director of the N.E.L.A., 
according to announcement. Major Ben¬ 
nion was bora September 7,1889, at Vernon, 
Utah. He graduated from the United 
States Military Academy at Westpoint, 
N. Y., in 1912, and from the United States 
Engineers’ School, Washington, D. C., in, 
1915. From graduation his military ac¬ 
tivities and service on various government 
commissions, including extensive service in 
France, continued up to the time of his 
original appointment to N.E.L.A. in 1926. 



P. H. Powers (A’21, M’30) vice-presi¬ 
dent in charge of sales of the West Penn 
Power Company, Pittsburgh, Pa., recently- 
was elected president.of the.Pennsylvania 
Electric Association.'* ]\fr. Powers’ work 
. with the West Penn interests began in his 
capacity of division manager of t% Key¬ 
stone Power Corporation at Bellefonttf,. 
Pan; in 1924 he was made general manager, 
of that company ©ad in 1928 he became 
commercial manager of the West Penn 
Company at Pittsburgh, Pa.* Appoint-. 
ment to the vice-presidency followed in 1930. 

• ' * * O 

* • . • 

H. R. Reed (A’28) has been promoted 
from assistant to associate professor of elec¬ 
trical engineering in the Michigan College 
of Mining and TechndJbgy, 'Houghton. 
Professor Reed went, to Michigan Tech, in 
the autumn, of 1929 from South Dakota 
-State College, Brookings, where he had been 
an instructor since receiving his M.S. de¬ 
gree from the University of Minnesota 'in 
1927. His special field of interest is tran¬ 
sient electrical phenomena, in which he' 
conducts senior and graduate courses and 

carries atpresearch work. « 

* 

W. ^P. Schwabe (A’96, M’24) manager 
and director of the Northern Connecticut 
Power Company (now affiliated with the 
Connecticut Light and Power Company) 
Thompsonville, Conn., and a past-president 
of the New England Division of the Na¬ 
tional Electric Light Association, has been 
appointed a director of tha Federal Home 
Loan Bank for the New England district. 
His headquarters will be at Cambridge, 
Mass. « o 

* 

J. C. Burkholder (M’30) formerly chief 
engineer of telegraphs for the Canadian 
National Railways, Toronto* , Ontario, now 
is senior partner in the Recently formed 
communication engineering firm of Burk¬ 
holder and Kelley of New York, N. Y., asad* 
Toronto. Mr. Burkholder has been widely* 


i ». A. Mills (M’18) until recently an 
leader in Institute affairs in the 
Smith West District (No.,7) has moved to 
Lit fining, Mich. Mr. Mills, formerly chief 
rft|gitteer for the Central and South West 
Utilities Company anti vice-president for 
f tw* Pecos Valley Power and Light Company, 
f lttllas, Texas, now is president of the Michi- 
ggttix Gas and Electric Company and the 
Michigan Public Service Company. As a 
rrmsilt of his removal from the South West 
fii»trict, Mr. Mills resigned his Institute 
vici*-presidency representing that District. 
Ain. Mills was to have served for the 2-year 
t^rin, August 1,1932-July31,1934. Stanley 
Ht«»kes of St. Louis is his successor, as an¬ 
nounced elsewhere in these columns. A 
rmxipb'te biographical sketch of Mr. Mills 
***Jf* vt?n on P- ®4 of Electrical Engineer-^ 
i i4& for January 1932. 


j„. A. Kbllbv (A’21) since 1929 a senior 
g.j-i^Ineer on tly; staff of the International 
{Communications Laboratories, New York, 
jijf. V.t wow is a partner in the communica- 
»>uyii engineering firm of Burkholder and 
f£c?IIey of Net* York, N. Y., and Toronto, 
C.mturio, Canada. Mr. Kelley’s previous 
r includes service with the Signal 


G. C. Ward (M’24) for 3 years executive 
vice-president, and since early in 1932 
senior vice-president, of the Southern Cali¬ 
fornia Edison Company, Ltd., Los Angeles, 
Calif., has been named its president by ac¬ 
tion of the company's board of directors, 
according to press dispatches under .date of 
October 19. As reported in Electrical 
Engineering (March and April 1932, p. 140 
and'213) Doctor Ward has been identified 
^rith, utility engineering and construction 
since 1882, and with the TSdison Company 
since S917 when it absorbed the Pacific 
Light and Power Corporation- of which 
Doctor ^Tard was president. 

• o 

W. A. Danielson (A’09, M’30) major. 
Quartermaster. Corps, United States Army,. 
recently has been assigned to duty as con¬ 
structing quartermaster with headquarters 
in Baltimore, Md., from which he will di¬ 
rect construction of hospitals and quarters 
at Edgewood Arsenal, Camp Holabird 
and Forts *Meade, Howard, and Hoyle. 
Major Danielson was transferred to Balti¬ 
more from Governors Island, New York; 
where he was pn duty as njjlities'officer 
for the Secdhd Corps Area. Previously 
he had been stationed at Washington, D. C*" 


known for the successful accomplishment, 
under his direction, <ff communication with 
moving trains, and oth«r related develop¬ 
ments. * 

•\ ”• • • m 

F. J. Rudd (M’19) who heretofore has 
been serving the General .Electric Com¬ 
pany, Schenectady, N. Y., as*designing dh- 
gineer of its motor, department, now be¬ 
comes manager of the stationary motor en¬ 
gineering department upon the transfer of 
L. E. Underwood (A’Q3, M’13) to the 
managership of the Pittsfield (Mass:) works 
(see Electrical Engineering, October 
" 1932, p. 748). 

B. C. J. Wheatlake (A’16) manager of 
the Salt Lake City, Utah, office of the <! Gen- 
eral Electric Company, has been chosen "to 
car*, for the arrangements in connection with * 
the Institute’s 1933 Pacific Coast Conven¬ 
tion, as convention chairman. Mr. Wheat- 
lake already, is well known in his local Sec¬ 
tion activities, in which 1& has been partici¬ 
pating now for some time.* m 

***. * / 

. . . ( . •% ... . , • • 

D* W. McCbnegan (A’24) who*has been 
serving the General Electric Company • hi 
Schenectady, N. Y.; as commercial engineer 
in its industrial ^gineering department, re- 
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cently received appointmeig; to the office 
of assistant engineer of the commercial 
engineering division of the company’s air 
conditioning department, the formation of 
which took place onlywthis year. 

E. R*Hedrick (M’25) professor of mathe¬ 
matics and chairman of the department of 
mathematics of the University of California 
at Los Angeles, Calif., l*£s received appoint¬ 
ment to the chairmanship of the committee 
on the teahffing of mathematics in colleges 
mid universities of the North Central Asso¬ 
ciation of Colleges and Secondary Schools. 
* 

D. R. Bullen (A’02) assistant vice- 
president of the General Electric Company, 
Schenectady, N.**Y., recently was elected 
second Vice-president of the National Elec¬ 
trical Manufacturers Association, New 
York, N. Y. 

• * 

O. A. Demuth (A’23, M’30) formerly an 
electrical engineer with the Stone & Webster 
Engineering Corporation, Seattle, Wash., 
now is associated with 4 other forjner Stone 
£c Webster Engineers in the Shannon Engi¬ 
neering Company, Seattle, *Wash. 

« • 

C. W. Mitchell (M’31) was reelected 
secretary-treasurer of the southwestern 
section of the International Association of 
Electrical Inspectors, at the Santa Bar¬ 
bara, Calif., convention of that organization 

held September 12-14, 1932. 

* • 

R. EC. Goodwillib (A’04) works manager 
of the Gtis Eleyator Company* N. Y., re¬ 
cently was elected treasurer of the National 
•Electrical Manufacturers Association, New 
York„*N. Y. 


OLitu 


ary 


Charles F. Goob- (M’21) chief engineer 
for the Baltimore, Md., department of 
public wor£s, died in Baltimore, September 
26- 1932, altar'a short illness. Mr. Goob 
was bom January 1, 1884, in Baltimore, 
where he subsequently* pursued his educa¬ 
tion, graduating from the Baltimore Poly¬ 
technic Institute in 1901, and completing 
a postgraduate course there in 1902, in 
addition to which he pursued a similar 
course in the mechanical laboratory at « 
Lehigh University, Bethlehem, Pa. From 
1902 to 1907 he was successively engaged as • 
a* cable tester for the Maryland Telephone 
Company, draftsman in the chief engineer's 
, office of the Baltimore & Ohio Railroad 
Company, and draftsman on teleplJbne 
switchboards for the Western Electric 
. Company at its Hawthorne works, Chicago, 
Ill. In 1912, acting for the Wilson Maltman 
Electric Company, he installed all me- 
chanTcal equipment in the then new Balti¬ 
more Polytechnic Institute, where he con¬ 
tinued as an instrqctor of engineering until 
1917. From April 6,1917, until August 31, 
1920, Mr. Goob served as an engineer 
officer in the United States Navy with the « 

' « e . • ' 
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rank of lieutenant. Upon his discharge 
from the nhvy he became associated with 
the Electrical Commission of the city of 
Baltimore as its chief engineer, subse¬ 
quently heading the bureau of mechanical- 
electrical service in the Baltimore city 
government, later ^ becoming the city’s 
chief engineer, a position he filled until his 1 
death. 


Cyprien O’Dillon Mailloux .(A’84, 
M’84, F’12, Life Member, past-president) 
widely known for his afctive participation 
in international engineering and scientific 
standardization work, and for, many ^ears 
prominent as a consulting engineer in 
New York, N. Y., died suddenly October 4, 
1932, at the age of 71, at his home in that 
city. Dr. Mailloux was a charter member 
of the Institute and had served it actively 
and generously through many years. He 
.served 3 terms as manager (1886-9, 
1899-1902, 1906-7) 2 terms as vice-presi¬ 
dent (1898-4), 1902-4), served sis president 
for the year 1913-14, and devoted many 
years to the Institute’s committees includ¬ 
ing the standards committee, the Edison 
Medal committee, and the John Fritz 
Medal board of award. Dr. Mailloux was 
bom at Lowell, Mass., t>ut at an early age 
he went to New York City jvhere, in 
pursuit of professional learning, he was one 
of the leading pupils of Dr. Pupin whft at 
that time was a lecturer on advanced 
theory of electrical engineering at Columbia 
University. In its later application, Dr. 
Mailloux’s professional career touched many 
and diverse channels. In specifically tech¬ 
nical work over*a period of 25, years, his 
activities included “responsible charge” 
and direction of eleqjxical work on more 
than 800 jobs ranging from *&0 tq 26,000 
kw; perfection of some 100 inventions of 
which 30 were patented by him, some of 
these including patents rated as "basic” 
in connection with the circuit breaker the 
booster for d-c circuits, the non-differential 
d~c arc lamp, and the iron dad multipolar 
street-car motor. He spent appredable 
amounts of time, in addition to his design 
and construction work, in the giving of 
expert advice and counsel, the preparation of 
statistics and reports and in arbitration 
work involwng many difficult situations 
that would have sorely taxed many less 
capable or less patient and persistent. In 
this last mentioned capacity his* extensive 
knowledge of languages made it possible 
for him to be th® forceful prominent figure* 
that he became in connection with the 
first, and many subsequent, meetings of 
the International Electrotechnical Com¬ 
mission. With hie ability as «n interpreter 
and his keen insight he soon found himself 
in the rather vital r61e of liaison officer. 
,In the I.E.C. Dr. Mailloux has beejj presi¬ 
dent (1919-23), director, secretariat on 
nomenclature, and at tHe time of his deatjji, 
honorary president; and on the U.S. na¬ 
tional committee of tl\e I.E.C., he has been 
president (1914-24) chairman, advisor on 
nomenclature, representative on division 
of foreign. relations. In the International 
Conference on Large Eleotric High-Tension 
Systems in Pgris, he was honorary president, 
acting also as, United States delegate at 
»recent biennial meetings. Today the I,E.C. 


probably is one of the largest cooperative, 
international factors working for the ad- c 
vancement of the electrical profession. 
Doctor Mailloux was an ardent advocate of 
a universal language on technical terms—a 
scientific esperdnto —which he contended 
would give the United States, already con¬ 
trolling a heavy percegtftge of the world’s 
electrical industry, a medium almost in¬ 
valuable for the promulgation of professional 
progress. Dr. Mailloux was a liberal con- 
trioutor to technical literature, and through 
his effort the electrical engineering nucleus 
of the present Engineering Societies Library 
in New York had its origin. In 1902-3 
he, himself, donated certain volumes and 
subscriptions to certain technical periodicals 
to the library of .the electrical engineers, 
providing maintenance for these sets' of 
books and periodicals by a gift of $1,000 
“to be.. ..invested... the proceeds... to be 
used partly each year for the subscription. v . 
to' the serial publications donated and partly 
for the binding of said publications.” 
Administration of this fund, still extant and 
known as the Mailloux Ftffid, subsequently 
was modified by the donqr to permit the 
expenditure of moneys Accruing from it for 
"books, periodical?, or other publications 
in the French language relating to either 
electrical engineering, mathematical physics 
and pure mathematics”; its present applica¬ 
tion represents a still further broadening 
of these stipulations to include writings 
other than in French. 


• Frederick William Kelley (A’05) 
president of the North American Cement 
Corporation, Albany, N. Y., and former 
president of the Albany Chamber of Com¬ 
merce, died September 19, 1932, after a, 
period of continued ill health. ■ Albany was 
his birthplace (1870) and after attending 
the Albany Boys Academy for a while, he 
went to public school in Toledo, Ohio, later 
also attending the Toledo Manual Training 
School. In 1893 he was graduated from 
Cornell University with his degree of M.E.; 
during this course he took considerable 
electrioal engineering work also but not 
enough to win him an additional degree. 
In 1894 he was engaged by the Consolidated 
Car Heating Company of Albany as drafts¬ 
man, but so successful a career did he 
create for himself that he became succes¬ 
sively assistant treasurer, treasurer, and 
general manager of his firm. In 1900 he 
joined the Helderberg Cement Company of 
Albany and until 1906 was its vice-president 
and general manager. In 1925 his com¬ 
pany merged with the Security Cement dnd 
Lime Company of Maryland and Mr. Kelley 
who in 1914 had been elected president of 
his own company now became president of 
the new organization, the North American 
•Cement Corporation. He later became 
president of the Portland Cement Associa¬ 
tion of America. Various other organiza¬ 
tions of which he was a member and an 
officer at the time of his death include: the 
National Commercial Bank and Trust 
Company, vice-president; r City Savings 
Bank, trustee; Consolidated Car Heating 
Company, director (and former president); 
Albany Hospital, president;*Albany Medi¬ 
cal College, Albany Academy, Albany Insti¬ 
tute of Bsistofy and Art, and the Dudley 
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Observatory, trustee; Commercial Safe 
Deposit Corporation, director; and* a 
'member of the board of governors of Union 
University. Mr. Kelley also held member¬ 
ship in The American Society of Mechanical 
Engineers, the American Society for Testing 
Materials, the American Concrete Institilte, 
the Albany Society of Engineers, and the 
Society of Engineer of Eastern New York, 
of which he was a pas^-president. 

• 

• » 

• 

^ HtCrry Alexander (A’91, M’17, F’20) 
long-time electrical contractor with head¬ 
quarters in New York, died October 18,1932, 
at his home in Kings Point, N. Y., as a result 
of gunshot wounds obvioysly self-inflicted. 
It is reported that Mr. Alexander had been 
suffering for some years from heart trouble. 
Mr. Alexander was born August 6,1871, in 
New York City, according to his A.I.E.E. 
application made under date of April 21, 
1891, although current newspaper reports 
give Lypn, Mass., as his birthplace. After 
a common scho§l education he is credited 
with continuing his education through read¬ 
ing, flight study? and practical experience. 
He was early (1888) connected With the 
Thomson-Houston Electric Company at 
Lynn, subsequently becoming a machine 
shop superintendent for the Thomson Van 
Depoel# Company o£ D£ver, N. H., manu¬ 
facturers of mining machinery. In the 
latter part of 1891 he went to New York 
City as a member of the electrical contract¬ 
ing firm Alexander-Chamberlain Electric 
Company, which later in the same year be¬ 
came Harry Alexander, Inc. Electrical in¬ 
stallations credited to him include the White * 
House in Washington, D. C., and stores and 
office b uilding s in various eastern and 
middlewestern cities including New York, 

• Baltimore, St. Louis, and Boston. He is 
credited with beiflg the contractor for the 
original East Side (N. y.) terminal, work of 
the New York Central Railroad in connec¬ 
tion with its Grand Central station (1907); 
patenting an interior conduit system (1906- 
7 ); being a sub-contracting engineer for 
substation and construction work for the 
United Railway of Havjna (1909); and 
with patenting the “Alexalite” fhdirect 
lighting diffuser (1911). During 1917 and 
1918 he was associated with the provision 
of electric power facilities at the U.S. naval 
transport terminal in Hoboken, N. J. He 
was a member of The American Society of 
Mechanical Engineers. 

»• 

JVIalcolm Percy Ryder (A’01, M’14) me¬ 
chanical and electrical engineer at Westfield, 
Mass., died suddenly May 24, 1932 of heart 
disease. Mr. Ryder was bom in Ossining, 
N. Y„ February 22, 1874, and after high 
school attendance acquired his early tech^ 
nical education chiefly by home study in 
cohjunction with such practical work as 
he found. In 1890 he engaged with the 
Edison Machine Works, predecessors of the 
General Electric Company, Schenectady, 
N. Y., taking* the student course in shop- 
work and spending a considerable amount of 
time in the testing department. In 1892 
he went to the Thomas A. Edison iron ore 
separating wo As in charge of separators and 
the electncal*plant, a year l^ter joining the 
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General Electric Company’s Lynn Works 
for a special course in arc lighting and a-c 
work. The year 1893 was spent in Mara¬ 
caibo, Venezuela, in charge of the central 
station of the Maracaibo Electric Light 
Company; then he returned to New York 
as electrical engineer in charge of the cen¬ 
tral station of the North River Electric 
Light and Power Company, later to be¬ 
come its superintendent of central stations 
for a period of 2 years. '‘The*C & C Electric 
Company of Garwood, N. J., called him as 
foreman of the winding and testing depart¬ 
ments for a year, after which he returned to 
New York City 0 as wire contractor. In 
1899 the New York Edison Company made . 
him superintendent of its Bronx District, a 
position which he held until 1909, when he 
removed to Springfield, Mass., to become 
engineer of the Witherbee Igniter Company, 
in charge of design and production of igni¬ 
tion apparatus for internal combustion en¬ 
gines. He later invented a novel type of 
magneto generator which was manufac¬ 
tured by the Witherbee Company, ^.e-' 
maining with this firm until 1919 he then 
withdrew and took up residence in West- 
field, Mass., his home at the time of his 
death. 


William Lamb Dodge (M’26) telephone 
engineer, Bell Telephone Laboratories, Inc., 
New York, N. Y., died April 7, 1932. Mr. 
Dodge was bom at Clinton, Maine, in 1885, 
and in 1902 attended Cobum Institute, sub¬ 
sequently winning his degree of A.B. from 
Colby College, Maine, in 1906. For 2 years 
thereafter he was engaged iij, a student 
course of the Western Electric Company, 
working ajgo in the installation department 
of that company. In 1908 he identified 
himself with the plapt department of the 
New Yqrk aifd New Jersey Telephone Com¬ 
pany, a year later joining the plant depart¬ 
ment of the New England Telephone Com¬ 
pany. Here he remained until 1917, when 
he engaged with the Western Electric Com- 


pany’s engineering department and the 
Bell Telephone Laboratories, firs} for the 
design' of manual and machine switching 
telephone systems, later as engineering 
department representative in charge of a 
group of engineers on th^first panel machine 
switching central office placed in service, and 
still later for 37a years in charge of'one or 
more groups of engineers engaged in the 
design of machine switching systems of the 
panel type and the'itefHby-step type. Mr. 
Dodge’s work has involved th§ engineering 
of many important projects and has placed 
him in charge of highjy essential develop¬ 
ment work. "* 


m f* 

J. R. Gilroy (A’26) injured in an automo¬ 
bile accident May 1,1932, died September 5 
as the result of the accident. Mr. Gilroy 
" was injured at Champaign, Ill., where he had 
been living while attending the University * 
of Illinois at Urbana. 1 ' Mr. Gilroy was bom 
in Scotland, June 29,1903, but pursued his » 
grade and high school education in the 
United States, after which he graduated * 
from Bliss Electrical School iaWashintton^ 
D. C., subsequently attending Armour In¬ 
stitute of Tectyiology in Chicago during the 
period of his employment in then testing 
laboratory and later in the operating depart¬ 
ment of the Commonwealth Edison "'Com¬ 
pany of Chicago. 


Neel Bullock (A’32) who ttys past 
summer completed his college course at the 
University of Alabama, University, Ala., 
and obtained his degree'of B.S. in E.E., was 
accidentally drowned in St. Andrew^ Bay, 
St. Andrews, Fla., August 21, 1932,° while 
out with a boating pafi-ty, Mr. Bullock 
was bom in St. Andrews, December 20,1909. 
He had spent the summer of 1930 in the 
drafting department of the Southern K&ft. 
Corporation. • 
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Section Meetings 


Detroit3Ana Arbor 

November 15, at Jscckson, Mich.— -Switchgear. 
•fo be discussed by members of the local Section. 

December 13, at Detroit, Mich.— Electric 
Motors and Their Applications, by A. M. 
Dudley, Westinghouse Elec. & Mfg. Co. 

• Pittsfield v 

November 1 —JaOan, China, and the White 
Man, by Uptoa Close. "* 

November J.5 —Air ConditiAung—Perfect 
Weather in Yot^ Home 368 Days a Year. ■... ^ 


Lehigh Valley 

November 18, at Elks Club, Hazleton. The 
Unseen Conductor, by Glenn Appleman, Pennsyl¬ 
vania Pwr. & Lt. Co. 

New York 

November 29—Second meeting of the power 
group: meeting devoted to "Rectifiers and Elec¬ 
tronic Devices.*’ C. A. Butcher, Westinghodse 
Elec, and Mfg. Co., will present “Power Rectifiers” 
and W. S. Hill, Gen. Elec. Co*, will discuss “Power 
Applications of Electronic Devices.” Mercury* 
arcPrectifiers, now firmly, established in the electric, 
traction field, give promise of becoming practical 
for low voltage commercial serfice. Possible 
application to metropolitan networks.will be 
mentioned. Electronic devices have many present 
applications and great future possibilities in power 
and control fields. Distinctions bftwegn the 
various types of tnbes together with their applica¬ 
tions will"be explained. The meeting will convene 
at 7:30s p.m,/hnd will be adjourned promptly at 
9:30 p.m. Non-members* are welcome. Dis¬ 
cussion is open to all. The location will be Room 1, 
Fifth Floor, Engineering Societies Building* 
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Past, 

Secftioni Meetings 


Birmingham 

Discussion of future plans and reorganization*of 
Section. Election of *offid£rs: Howard Duryea, 
chmn.; H. M. Woodward, secy. Sept. 30. Att. 
18. • • 

Chicago 

Operation op Elbctrica^ Machinery in 
Special Media, by C. J. Fechheimer, consulting 
engr. Dinher. Sept. 20. Att. 87. 

Cincinnati 

Program .Transmission for Broadcasting 
Stations, by Leo Friedman, American Tel. & Tel. 
Co. Inspection of the control room in the tele¬ 
phone building. Sept. 22. Att. 112. 

Dallas • 

Short talks by B..D. Hull, Southwestern Bell 
Tel? Co., O. S. Hockaday, Texas Pwr. & Lt. Co., 
and J. B. Thomas, Texas Ijlec. Serv. Co. Sept. 19. 
Att. 60. 

Denver 

Extending. Our Frontiers Through Rb- 
|barch and Engineering, by H. P. Charlesworth, 
pres. A.I.T3.E., vice-pres. Bell Tel. Labs., Inc. 
Dinner. Sept. 23. Att. 170. 

Detroit-i^pn Arbor * 

Hunting Vertebrate Fossils, by Prof. E. C. 
Case, Vniv. of Mich. Dinner. Sept. 20. Att. 68. 

Erie 

Electric Cables, by F. V. Calvert, Gen. Elec. 
Co. Sept. 20. Att. 26. 

Houston a 

The Ultimate Particle, by H. A. Wilson, Rice 
Institutes Sept. 30. Att. 61. 

Kansas CJty ■ # * 

Reports of the summer convention held in Cleve¬ 
land, Ohio, by A. E. Bettis, Kansas City Pwr. 8c Lt. 
Co., R. M. Ryan, Gen. Elec. Co., D. C. Jackson and 
Robert*Warner, both of the University of Kansas. 
Sept. 26. Att. 66. • 

Les Angeles ! • 

Extending Qur Frontiers Through Re¬ 
search and Engineering, by H. F. Charlesworth, 
•pres. A.I.E.E., vice : pres. Bell Tel. Labs., Inc. 
illustrations. Dinner. Sept. 16. Att. 174. 

Memphis « ^ 

Organization and Operation of a Weather 
Bureau Statiojt, by#. W. Brist, U.S. Weather 
Bureau Station. S0pt. 20. Att. 35. 

Menico 

Modern A£bthods of Vertical Transporta¬ 
tion, by A. cle la Torre, and W. B. Ferguson, 
Wegtinghouse l^lec. & Mfg. Co. Election of 
officers* W. A. Schulenburg, chmh.; L. Castro, Jr., 
secy.; F. Aubert, treas. Sept. 21. Att. 32. 

Montana 

Business meeting. Sept. 16. Att. 12. 


and Results Obtained by Use of Surge Gener¬ 
ator, by D. # B. Perrin. Inspection trip through 
the laboratones of the Duquesne Light Co. Sept. 
20. Att. 220. 

Portland 

Extending Our Frontiers Through Re¬ 
search and Engineering, by H. P. Charlesworth, 
pres. A.I.E.E., vice-pres. Bell. Tel. Labs., Inc. 
Dinner. Sept. 9. Att. 93. 

Rochester 

Sunlight, by Dr. Brian O’ferym, Univ. of 
Rochester. Joinrmeeftng with I.R.E. and Roches¬ 
ter Engg. Soc. Oct. 6. Att. 90. 

St. Louis 

Social meeting. Sept. 30. Att. 110. * 

San Francisco ^ 

Extending Our Frontiers Through Re¬ 
search and Engineering, by H. P. Charlesworth, 
pres. A.I.E.E., vice-pres. Beil T«I. Labs.,. Inc. 
Sept. 13. Att. 121. 

Saskatchewan 

Recent Developments in Switch Gear, by 
L. B. Chubbuck, Canadian Westinghouse Co., 
vice-pres. A.I.E.E. Sept. 7. Att. 27. . 

Operation of Diesel Engines, by Charles Day, 
Mirrless Bickerton & Day. Sept. 12. Att. 32. 

13pjingfleld 

Lightning Proof Designs op Transmission 
Lines, by H. R. Stewart, Westinghouse Elec. & 
Mfg. Co. Illustrated. Sept. 12. Att. 46. 

Toronto 

The Houses of Life, by Rev. W. J. Johnstone, 
Eglinton United Church. Sept. 30. Att. 86. 


Past 

Drandfc ]Vt eetings 


Alabama Polytechnic Institute • a 
Business meeting. Aug. 29. Att. 20. a 
The Engineer’s Place in the Sun, by Deep 
W. E. Freeman, Univ. oL Kentucky, vice-pres. 
A.I.E.E. Oct. 6. Att. 3Jr • 

University of Alabama 

Discussion of activities for the coming *year. 
Sept. 26. Att. 20. 

University of Arkansas 

Branch activities were discussed by Prof. W. B. 
Stelzner, counselor, and L. Wasson, chmn. Sept. 
22. Att. 24. 

Bucknell University q 
Discussion. Oct. 5. Att. 14. 

University of California 

Power and Economic Basis for Power Trans¬ 
mission, by Prof. W. A. Hillebrand., Film—"A 
Trip Through the G.E» Plants.” Sept. 7. Att. 46. 


Nebraska 

Prof. M. S. Coover, District Secy., Univ. of Colo¬ 
rado, and Dean O. J. Ferguson, Univ. of Nebr aska , 
spoke on the value of membership in the A.I.E.E. 
A. L. Turner gave a report of th« Sum mer 
Convention held in Cleveland, Ohio. Dinner. 
Sept. £0. Att£25. 

NiagaiC Frontier 

Foreign Influences on American Business, 
by Prof. P. W. Bidwell, Univ. of Buffalo. Dinner. 
Sept. 16. Att. 65. ; 

Oklahoma City * 

Executive committee meeting. Sept. 2. Att. 

Low and Medium Voltage Networks, by 
Frank ^Kasper, Byllesby Engg. & Mngt. Coro 
Sept. 22. Att. 99. • # * 

Pittsburgh r . • /. •>' # • 

The Theory and Operation of the Surge 
Generator and Cathode Ray Oscillograph; 
by E. R. Whitehead; Practical Applications 



Cornell University a *• • 

The Organization of the A.I.E.E., hv Prof. 
R. F. Chamberlain; The Early Controversy 

• Between A.C. and D.C. Systems, by Prof. P. M. 
Lincoln; • Photoelectric Cei»l Applications, 

• by L. F. Moyle, stigflent. Prof. ^E. M." Strong, 
counselor, outlined future plans. Oct. 7. Att. 32. 

University of Denver 

Films—"The Electric Shfp” and "The Panama 
Canal.” Sept. 27. Att. 20. • * 

Drexel Institute • 

*... • 0 

Modern Chain Broadcast Circuits, by J. J. 
Jaeger, student. Oct. 5. Att. 20. 

* • • 

University of Florida 

Opportunities in Engineering and How to 
Prepare por Them, by Prof. Joseph Weil, coun¬ 
selor; Florida as a Come-Back State, fay Dean 
Van Leyj Oct. 3. Att. 90. * 

Marquette University • 

a Board meeting. &pt. 15. Aft. 6. 


•• 


Discussion* of proposed constitution. Sept. 22r 
Atfc. 13. € 

Application of Radio to Police Service/ 
by Mr. Wareing, chief engr., Police Radio Broad¬ 
casting Dept. Oct. 6. Att. 32. 

Michigan State College ° 

business meeting. Oct. 6. Att. 16. 

• Mississippi State College „ 

General discussion. F. Gf Marble elected secy. 
Sept. 22. Att. 27. 

m ft 

University of Missouri 

_ FVof. M. P. Weinbach, counselor, (futlined the 
history, purpose, fcnd .organization ef the A.I.E.E. 
Raymond ,L. McGirl elected secy.-treas. ©ct. 6. 
Att. 26. • 

Montana State College 

Prof. J. A. Thaler, counselor, outlined the E.E. 
semjnar meetings. R. S. Stokan, chmn., gave a 
report of the Pacific Coast convention at Van¬ 
couver, B.C. R. V. Bauer, student, outlined-the 
purpose and organization of the local Branch. 
Oct. 6. Att. 101. 

University of Nebraska 

inspection trip through the power and heating 
plant of the Lincoln Hotel. Election of officers: 
John Hutchings, chmn.; Arnold Coffin, vice-chmn.; 
Charles Devore, secy.-treas. Oct. 6. Att. 22. 

Newark College of Engineering* 

Value of Student Societies, by A. R.rCulli- 
more; ^Jranch Activities?) by Prof. J. C. Peet, 
counselor. Sept. 26. .Att. 35. c 

University of New Mexico r 

Election of officers: Stanley O. Fish, chmn., 
Martin Zirhut, secy.-treas. Oct. 5. Att. 6. ' 

* tjt 

College of the City of ]Sew York * 

Business meeting. Sept. 29. Att. 17. 

John Ragazzini, chmn., spoke on the advantages 
of membership in the A.I.E.E. Oct. 6. Att. 34. 

North Carolina State College 

Aims and Purposes op the A.I.E.E., by D. M. 

, House, student; Benefits of the A.I.E.E., by 
Prof. W. H. Browne, Jr.; Section and District 
Conventions of A.I.E.E., by Prof. R. S. Fouraker, 
counselor. Oct. 4. Att. 106. 

University of Notre Dame 

Dr. J. A. Caparo, counselor, outlined the dis- * 
tinction between the local an® national benefits of 
the Institute, and spoke of the advantages afforded 
by each. »Oct. 3. Att. 76. 

Oklahoma A. & M. College 

The Engineering Field in General as Judged 
From My Experiences, by Prof. J. E. Kirlrfa gm 
John R. Hollis elected chmn.; Romus Soucek 
elected vice-chmn. Sept. 19? Att. 26. '• 

Purdue Jfniversity • 

The Activities and Purpose of the A.I.E.E., 
by Prof. C. F. Harding; The History of the 
A.I.E.E. and Its Value to the Student, by 
Prof. A. N. Topping, counselor; The Indjan- 
apolis-Lafaybttb Section of the A.I.E.E. and 
the Presenting of Articles to the Branch by 
Students, by Prof. D. D. Ewing. Sept. 29 
Att. 210. • * 

Rhode Island State College 

Power Distribution in Tall Buildings, by^ 
M. Afootian, student. Oct. 5. Att. 20. r 

Rose Polytechnic Institute c 

Relation of A.I.E.E. to the Student Engi¬ 
neer, by Prof. C. . C. Knipmeyer, counselor 
Oct. 3. Att. 31. 

Southern Methodist University 

# Film—"The Wizardry of Wireless.” Oct. 6 
Att. 9. . " 

Virginia Polytechnic Institute 

Flame-Proof Gasoline, by S. L. 'Butler, 
student; Electrical Accidents and Their' 
Treatment, by B. G. Belote, student; Niagara- 
Hudson Power Plant, by H. C. Epperly, student; 
Electric Machines for Coolino Milk, by B. r’ 
Pogue, student. Oct. 6. Att. 41; 

The Great Northern Railway Electrifica¬ 
tion, by W. P. Swartz, student; Typooraphs for 
Bandits, by J. E. Hamm, studqpt; New York 

City’s New Electrical Bank Bubldino, by 

J. A. M. M|ddo«, student. Sept. <29. ^tfc 43. n 

Electrical ENGiNfigioNG 

* fs r * • 


'Otate College of Wellington 

Dean H. V. Carpenter outlined the proceedings 
* of the annual summer convention held in Cleveland, 
Ohio. William E. Bratt elected secy. Sept. 30. 
Att. 15. 

West Virginia University 
Automatic Combustion Control, by C.»,B. 


Sims; Direct Reading Ohm-Meter, by G. F. 
Lefevre; Instrument Transformers, by F. Q. 
Brown; Use op Electrical Power on Ships, 
by J. Millard; Air Transportation, by P. M. 
Vannoy; Electric Service to Morgantown, 
by L. P. Lovett; History op Michael Faraday, 
by E. C. McMillan, all students. Sept. 26. Att. 
24. • 


Hmp I oyment IVoles 

Of .l.e E ngineering Societies EmpIoyKient Service 


Men 

• Available 


Combustion 

PWR. ENGR., mech. and elec., 43, American, 
college graduate. Past 3 yr. with prominent engg. 

‘ organization correlating design engg. work for large 
central station and industrial pwr. plant projects. 
Previous 4 yr. rebuilding and operating pwr. plant 
of large eastern coppersrefinery. Broad experience. 

. D-986. • 

Construction 

• GRAD. E.E., 29, five yr. supervisory construc¬ 
tion, design, estimating and field engg. experience 

• on super-pwr. plants, substations; 4 yr. industrial 
power plant operation. Blec. construction and 
maintenance experience *y- electrification con¬ 
struction experience. C-4428. 

Design and Development 
MECH.-ELEC. ENGR., 32, 4 years* Cornell 
design instructor; 5 yr. Allis-Chalmers design; 
liberal shop experience; 6 yr. cooperative ap- 

S renticeship. Will consider anything, anywhere. 
Tow available. Salary open. D-122. 

JUNIOR ENGR., desires employment where’ 
high grade technical knowledge is required. Has 
had laboratory experience. Familiar with elevator 
service,work and elevator parts design. Go any¬ 
where. C-9963. 

• ELEC. ENGG. GRAD., 28, married, desires 
position in design Pnd development or teaching. 
One year Westinghouse student course; 6 months 
Westinghouse design school; l 1 /* yr. design of 
fractional hp. motors; 2»/s yr- design of industrial 
motors. Available at once. Location, U.S. 
C-6061. 

ELEC. ENGR. and designer, 36, married with 
20 yr. experience in pwr. and industrial plant 
operation, design, estimating and planning. Also 
experience in tractidh and mining pwr. supply. 
Last 7 yr. with leading construction engrs. Good 
references regarding character, personality, co¬ 
operative nature, and ability. Permanent position 
preferred. Salary reasonable. D-1652. 

* Executives 

ELEC. ENGR., grad., 42, 6 yr. supervision elec, 
maintenance r.r. Six yr. head elec, and mech. 
maintenance group 18 coal mines. Eight yr. assoc. 

* editor coal mining magazine, experienced equip¬ 
ment photography, wide acquaintance, numerous 
excellent references. B-7663. 

•* ELEC. ENGR., E.E. degree. 14 yr. experience q 
public utilities covering valuation work, rate in¬ 
vestigations, engg. pwr. plants, substations, trans- 
nyssion lines, including estimates, specifications, 
design. Experience covers short circuit studies, 
stability analysis, investigations of systems for load 
conditions. Desires position, holding company, 
operating company, or engg. firm. Available 
immediately. C-9570. 

* ELEC. ENGR., married, E.E., M.E. 22 yr. 
experience, designing, construction pwr. plant* 
substations, transmission, distribution systems, ana 
industrial plants. 3 yr. charge purchasing engineer¬ 
ing equipment, foreign interests. 3 yr. exec, ex¬ 
perience charge engg. department large utility 
syndicate. English, German, Russian, Armenian, 
Turkish languages. Available immediately. D- 
84. 

E.E. DEG., 30. Some training in mech. and civil 
engg., business administration. Sales experience 
as district representative handling all local sales 
a» activities; special sales representative on sales 
promotion, and technical sales representative, 
Elec, testing qs asst. elec, engr., Underwriter's 
Laboratories. Also elec, contracting; building 
construction and specifications experience. Avail- 
ible immediately. D-1344. • 


secondary. Interested, any position which re¬ 
quires engg. bad&round and which offers a future. 
D-1611. 

9 * 

JUNIOR ENGR., grad. Pratt Inst., industrial 
elec, engg., 24, single, 2 yr. maintenance depart¬ 
ment N. Y. Tel. Co. 0 month3* layout ana in¬ 
stallation heavy 7 elec, equipment. Available im¬ 
mediately. Location, immaterial. D-1471. 


D-1471. 


B.E.E., Ohio State Univ., 1932, single, 22. 
Assoc, member of Sigma Xi. High scholastic 
record and reading knowledge of German. Special¬ 
ized in communication work, but will consider any 


engg. work. 
D-1523. 


Location 


salary, immaterial. 


ELEC. GRAD., 38, 17 yr. experience, construc¬ 
tion, installation, maintenance, inspection, tests, 
pwr. plant and substations, distribution (high and 
low tension), one yr. operating, familiar with 
South America; speaks several languages. Avail¬ 
able At once, home or abroad. Best of references. 
C-2021. 

r> 

GRAD. E.E., age 31. Ten yr. experience"' in 

S ubtle utility and industrial work, covering over- 
ead and underground distribution and trans¬ 
mission installations, electrification of industrial 
plants, standardization of distribution systems. 
Headed division for study of industrial plant stand¬ 
ardization, also research and analysis pertaining to 
public utility economics. B-6934. 

CANADIAN E.E., 28, single. Would take 
charge servicing and repair shop, Canada or abroad. 
8' yr. practical experience all winding and repair 
work. 3 yr. supervising, estimates, sales engg. 
Experience in Westinghouse & G.E. service shops. 
Can handle men. Licensed as e.e. by professional 
examination Western Canada. C-8336. 

TECH. & BUS. ADMIN. GRAD. Lowell 
Institute School, auspices M.I.T., elec, and mech. 
courses; B.B.A. deg. from Boston Univ. also grad, 
work in mhnagement.' 14 yr. experience operating, 
elec, design and engg, Desires position with utility 
or industrial concern. Location in U.S. im¬ 
material. D-1600. 

o 

Inspection 

ELEC. GRAD., 38, single, 6 yr. experience fac¬ 
tory testing—iW?E. & M. Co.,.East Pittsburgh, Pa. 
One yr. steer Company installing and testing elec, 
equipment. 6 months’ factory inspection of trans¬ 
formers. 2* /a yr. general inspection of elec, equip¬ 
ment with insurance^company. Good reference. 
Available immediately".Any location. D-1461. 

Junior Engineers 

19§2 GRAD., E.E., B.S., Univ. of Maine. 
Honor student, Tau Beta Pi, Phi Kappa Phi, 23, 
single, and excellent physical condition. Best of 
character,' Willing to start at bottom and work up. 
Wage of secondary importance. Location, Eastern 
States. Available immediately. D-1509. 

B.S., M.S., in E.E., cooperative course, M.I.T., 
1932; 22 single. Good scholastic record. Short 
experience at G.E. machine shop on test and 
res. lab. Aggressive, willing, capable of assum¬ 
ing iftsponsibility. References available. Loca¬ 
tion, immaterial. Available immediately. Salary 


GRAD. E.E., Columbia Univ.,, ft yr. course, 
1932; single, 24; desires work with utility, railroad, 
mfg. concern or construction corp. Would like 
to teach e.e. subjects. Location and salary, im¬ 
material. D-893.'*' 

ELEC. ENGG. GRAD. ’31. DesKes position 
on land or water (prefer water) as assistant to pwr. 
plant operator. Employed at .present, mfg., heat¬ 
ing and ventilating equipment. Available on short 
notice. References. Locati&t and* salary im¬ 
material providing there is a chance for advance¬ 
ment. D-1535. ’ 

1931 GRAD., E.E., B.S., leading western univ., 
27, single. Telephone work, machine shop ap¬ 
prenticeship, draftsman and machine designer, • 
familiar with vacuum tubes,'good mathematician. 
Excellent scholastic record. English, German, 
Swedish, Finnish, and Spanish languages. Desires 
position with industrial firm. Location, immaterial. n 
U.S. or abroad. Available on short notice. D-923. 

ELEC. .ENGG. GRAD., M.I.TV, S.B., S.M., 
class of ’31, age 23, single. 10 nConths’ t&t and 
research experience with G.E. Desirous of a posh 
tion in e.e. fieldcwith chance for advancement. 

Available at once. Location, immaterial. D-1538. 

«* 

JUNIOR ELEC. ENGR., B.S., 23, grad, special¬ 
ized course in a-c and d-c motor and generator engg. 
and testing, invites correspondence leading to 
permanent connection with established company 
desiring to develop production, designing, or equip¬ 
ment engr. Would expect shop experience as 
training for exec, position later. Location, im¬ 
material. D-1543. 

B.S. in E.E. in 1932, age 24,‘'single. ^Experience 
in mech. engg., elec, engineering, drafting, and 
design. Prefer exec, type of work but will consider 
any position rwith a future. Location in the East. 
D-1497. » ® 

B.S. in E.E., 1932,24, single. Desires engg. work; 
of any kind. Salary and location secondary. 
Available immediately. D-1559. 

E.E. GRAD., 1929, 25, sii5fele^2 1 /s yr. experience 
in design and engg. of high rteteion outdoor apd 
indoor substations. Desires position connected 
with hydroelectric development. Location de- . 
sired. South. C-5967. 

E.E. GRAD., M.I.T., B.S. 1931, M.S. 1932, 2&* 
single. 16 months’ cooperative training with 
Edison Elec. Ilium. Co. of Boston. ^Temporarily 
engaged in retail sales d elec, appliances. Desires 
connection with utility or mfr. leading to a posiflon 
in the field of engg. mansQtement, Location pre-c 
ferred East or Middlewest. D-1665. 

E.E. GRAD., 1932, Rensselaer P.I., 22, single. 
Desires work in any elec, field. Salary and loca¬ 
tion, immaterial. Available at oncen. D-1296. 

E.E. GRAD., 1932, Northeastern Univ.,„ 22, 
single, excellent physical condition. Has ■Had l 1 /* 
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57 Post St 
San Francisco 


205 West Wadcer Drive 
Chicago 


31 West 39th St. 
New York 


M AINTAINED by the national societies of civil, 
mining, mechanical, and electrical engineers, 


ift cooperation with the Western Society of Engi¬ 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An inquiry addressed to any of the 
three offices will brirflj full Information concerning 
the services of this bureau. 

Men Availabl«.'*-Brief announcements will be 
published without charge; repeated only upon 
specif)^ request and after one month's interval. 
Names and records remain on Die for three months; 
renewable upon request Send announcements 
direct to Empldymcnt Service, 31. West 39th Street, 
New York, N. Y., to arrive not later 5 than the 
fifteenth qf th*e month. r ‘ n 


Opportunities.—A weekly bulletin of engineer¬ 
ing positions open is available to members of the A 
cooperating societies at a subscription of S3 per 

quarter or $10 per annum, payable in advance. 

© 

Voluntary Contributions.—Members "benefiting 
through this service arc invited to assist In Its further¬ 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year's salary. ’ ^ 

■n 

Answer! to Announcements.—Address the key 
number<nd1cateci In each case ^nd mall to,the New 
York office, with an extra three-cent stamp enclosed 
for forwarding. 
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yr. experience as cooperative student in experi¬ 
mental lab. of radio condenser <P»ncem. Desires 
position in .any field of engg. with opportunity 
tor experience. Location and salary, immaterial. 
Available immediately. D-1571. 

UNIV. OF MIGH., 1032 grad. B.S. in E.E., 22, 
single, excellent physical cfinditiofi.’ Best of char¬ 
acter and hard worker. «■ Two summers with Mich. 
Bell Tel. Co. Prefers work in elec, field, but 
interested, in management and personnel work. 
Legation, immaterial. Available immediately. 
Desires position with future. D-1572. 

E.E. GRAP-, 1932, 1$Us. State Col., 22, single. 
Desires engg. work, but wvil consider anything. 
Location, immaterial. Available immediately. D- 
1570. . # 

M.E.; M.S., 26, single. 4 yr. experience in tele- 
ptftme Work. Desires teaching or engg. i work 
of any nature except sales. Available immediately. 
Location, immaterial. D-1225. 

1932 CORNELL GRAD., 22, single! Broad 
education with major in communications. Good 
scholastic record. Desires work, preferably on 
telephone, raaio or "Sound equipment. _ Location 
desired East. Salary, immaterial. Available im¬ 
mediately. D-1558. 

E.E. GRAD., 1932, M.I.T., M.S., 23, single, one 
yr. G.E. test. Desires work in elec, machine de- 
*sign and development. Available immediately. 
D-1579. 

• 

B.S. in E.E., 1932, 23, single. Desires position 
•with utility or mfg. concern, preferably in field of 
radio, power transmission, or elec. ry. engg. Will 
work at anything if only given a chance to enter an 
* engg. house. Available at once, location and salary, 
imma&rial. D*1546. 

• . 

M.S. in E.E., ’32, B.S., ’31; aMoore School of 
Elec. Eng., Univ. of Pa. Grad, work in acoustics, 
electronics and business admin.; leaching experi¬ 
ence and*experience in the writing of technical 
papers - for publication. Fluent knowledge of 
German language. Wants responsible work. 
Location, immaterial; available on one week's 
notice. D-1585. 

GRAD. 1932, B.S. in E.E., Clarkson Col. Grad. 
1929 Rochester Atheneum & Mechanic’s Inst., 
diploma in E.E. 2 yr. factory experience in radio 
and telephone. Desires to work up. Available 
immediately. Location, immaterial. D-1583. 

E.E. GRAD., 1929, Lehigh Ungr., married. 
Post grade) work ip business finance and sales. 


installation and design. Desires anything in the 
field. Location and salary secondary. Available 
immediately. *D-1584. 


GRAD. E.E. with 12 yr. sales and advertising 
experience available. Excellent references from 
leading mfr. and publisher. Middlewest location 


M 


Completed 3 yr. cadet engr. training course of 
Public Service Elec. & Gas Co., involving work in 
generation, distribution, commercial and sales 
departments. Excellent references. Desires posi¬ 
tion wfth future. Available immediately. D- 
1566. » 

•• 

B.S. in E.E., 1982fPurdue Univ., single, 21, de¬ 
sires position in any engg. field. Location, im- 
’ material. Available immediately. D-1588. 

’’e*E. GRAD., Univ. of Minn., 1930, 25, single. 
S; yr. experience with large midwest pwr. com¬ 
pany, including one yr. training course and one yr. 
distribution «ind transmission engg. experience. 
Available immediately. Location and salary, 
immaterial. D-1590. * 

E.E. GRAD., Lehigh U., ’31, 24, single. 2 yr. 
experience elec, const., maintenance, repair in 
utility field. Thorough knowledge a-c network 
system of distribution. Majored in elec, traction, 
dec. design. Special training, writing for trade 
"journals, reports. -Will accept offer any field. 
Loc£tio$, immaterial, foreign service if possible. 
Available immediately. D-1540. 

B.S. and E.B.,’31, Mich, rltate Col., G.E. test, 
' 4 yr. practical experience with (manual, super¬ 
visory controlled, and automatic) pwr. substa¬ 
tions, automatic ry. substations (rotary converter 
and rectifier) and (frame mounted, cell mounted 
and metal clad) equipment. Willing to do erigg,, 
'operating, or teaching. D-1597. 

B.S. in E.E., 1930, single, 24. Best refer¬ 
ences following experience: l l /i yr. construction, 
operation, steam, plants, V/t yr. industrial sales 
representative N. Y. corporation, 6 months’ west- 
InghouSe "central station sales" student work. 
One yrf'riec. maintenance work. Recently night 
engre, refrigeration and ice mfg. plant. Will go 
anywhere. Suited to utility. Available. D-1599. 

• Research •* # 

ENGR., 28/< married, B.S., M.I.T. '30 (hdhor 
group), Westinghouse engg. school and design 
school, T yr. experience on solution of special 
problems, stability studies, transmission lines, 
experienced in use of symmetrical components, 
Heaviside’s theory and general circuit theory. 
Avmlablh immediateiy. Location, immaterial. 
D-1530-329-C-I-San Francisco. » 

. E.E: _GRAD., Northeastern Univ., coodbrative 
plan, 1931, B.E.E., 24, single, 3 l /s yr. experience, 


research and development on syn. elec, clocks for 
large elec, clock mfr. in East. Has had general 
engg; experience pertaining to frequency-control 


Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to 
membershjp in*the Institute. Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after «he name. 
Any member objecting to the election of any of 
these candidates should so inform the dt&ng 
national secretary before Nov. 30, 1932. 

Anderson, L. F., Hotel Riviera, 169 Clintotf Ave., 

* Newark, N. J. 

Benson, I., 57 Ashland Ave., East Orange, N. J. 
Bozenschultz, E. J., The Home *Tel. 8s Tel. Co., 

• Ft. Wayne, Ind. • • 

•Brandler, A. B., Royal Switchboard Co., N. Y. 

City. 

Cooper, R. E., Jr., Air Corps, U. S. A., March 
Field, Calif. • 

Donovan, A. C., Jr., 34 Manchester Rd„ JJrqpkline, 
Mass. 

Bash, C. D„ (Member), Consumers Pwr. Co., 
Jackson, Mich. • • 

Erskine, G„ Erskine Elec. Wk., Redwood City, 
Cauf. 

Foerner, G., II a. West End,Ave., Bklyn., N. Y. 
Forbes, A. F., Newport News Shipbuilding & Dry 
Dock Co., Va. 

Hield, R. F. (Member), Crompton*Parkinson, 
(Canada) i Ltd., Montreal. 

Kramer, J. E., Kramer Bros., San Francisco, Calif. 
Laverty, C. A., Boiler Inspection & Ins. Co., 
Montreal, P. Q., Canada. 

Lee, J. D., Jr., 1» Marine Ave., Bfclvn., N. Y. 
Martin, H. E. Watertfhry Cable Serv., Inc., N. Y. 
• City. .. 


preferred. Age 34, married. Strong salesman*" 
with excellent contacts in Mid&lewest. B-8014. 

DISTRICT SALES MANAGER OR MFR’S 
AGENT: experienced engg. representative, de¬ 
sires connection with high grade company that hat 
line of industrial or utility equipment. Eastern 
location preferred. , B-4067. 


embership 


Recommended 
for Transfer 

* The Board of Examiners, at its me.eting held 
September 28, 1932, recommended the* following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be filed at once with the acting national secretary. 

To Grade of Fellow 

Caparo, Jose Angel, head, E. E. Dept., Univ. of 
Notre Dame, Ind. 

Hickok, Robert D., pres., Hickok Elec. Instrument 
Co., Cleveland, Ohio. 

To Grade of Member 

Anton, George F., asst. prof, in E. E. and physics, 
Univ. of Porto Rico, MaVaguez, P. R. 

Bible, Harvey J., transmission and protection engr., 
Ohio BeU Tel. Co., Cleveland. 

Dow, William G., asst. prof, of E. E., Univ. of 
Michigan, Ann Arbor. 

Edgerton, Harold E„ asst. prof, of E. E., Mass. 

Inst, of Tech., Cambridge. 

Lockwood, Earle L., distribution engr., Pub. Serv. 
Co., Newport News. 

MacGregor, Willard H., 217—22 Bayside Blvd., 
Bayside, L. I. ’ 

Milton, Robert M., asst. -E. E., U.S. Engr. Office, 
New Orleans, La.. - 

Noertker, Joseph A., E. E., Cincinnati St. Ry. Co., 
Ohio. • m 

Pike, Noel, dist. pwr. supt., Guanajuato Pwr. & 
Elec. Co., Guanajuato, Gtb., Mexico. 

Reukema, Lester E., assoc h prof. o#E. E„ Univ. of 
California, Berkeley. •• 

Schregardus, Dirk, transmission engr., Ohio Bell 
Tel. Co., Cleveland. 

Thomas^ Richard N., Boroyh E. B., Lyttelton,^ 

• Watson, Malcolm Vau, vieffe-pres. and genl. mgr.. 

West Coast Pwr. Co.; Calif. Pub. Serv. Co.; 
Western States Utilities Co., Portland, 0«e. 


McRae, D. J*£., Grain Ins. 8t Guarantee Co., Winni¬ 
peg, Manitoba, Pan. , < 

Meltvedt, H., (Member), 421 Franklin St., Downers 
Grove, Ill. 

Miller, A. P., HI Fulton St., Bloomfield, N. J. 

Murray, T. E., Jr., (Fellow), Metropolitan Engr 
* Go. & Metropolitan Device Corp., Brooklyn, 
N. Y. 

Peterson, G. C., 15 Douglas Place, Verona, N. J. ’ 

Rosin, A., (Member) Boro, of Richmond, Clove 
Pumping Sta., Ontario St., Staten Island, N. Y. 

Stanley, C. M., Young & Stanley, Inc., Muscatine, 
Iowa. 

St. Laurent, H., Radio Research Lab., Inc., r iTon- 
kers,*N. Y. 

Travis, I., Univ. of Pa. * Philadelphia. '■ 

Van Sickle, L. R., 416 E. 17th Ave,, Denver,'Colo. 

25 Domestic 

Foreign 

Alizo, C., Antonio Cia* Annma., Planta Elec, de 
Valera, Est. Trujillo, Venezuela, S. A*!’ 

Foulsum, W. C., 16 Bondoran Parade, Mont Albert, 
Melbourne, Australia. 

Kesavan, K. V., Pwr. Station, Kottayam Travan- 
core, So. India. 

Lautier, V., 37 Sda. San Paolo, Cospicua, Malta. 

Rozario, J. F. T., Pub. Wks. Dept., Madras Govt., 
Madras, India. 

Sarda, P. M., Ratan Pole, Nagori Pole, Ahmedabad, 

• India. 

Singh, H„ Simla Municipal Committee Idgah, 
Simla, India. 

Swami, T. V., Elec. Dept., Cocanada, India. 

Tharani, J. J., Elec. Pwr. House Veraval, Kathia¬ 
war, Manavadar, India. 

9 Foreign 


AJJ 


W, 


ressies tv ante 


A list of members whose .mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad¬ 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St. 
New Yprk, IJ- Y. 

Bohner, C. W., 620—22nd Terrace, Miami, Fla. 
Brock, Geo., 1117 N. 15th St., Milwaukee, Wis. „ 
0 Dalas, F. L., Boulder City, Nev. 1 

Deney, Roger W., 685 Sumner-Atlantjc Ave.. 

Forest Hills Boro, Pittsburgh, Pa. 

Florez-Estrada, Jose, Avenida De La Paz 80, Rp- 
parto Alture-Rio Almendares, Marianao, Ha¬ 
vana, Cuba. 

Gooding, Chas. C., 1414 K St., Sacramento, Calif. 
Jefferson. H. F., 633 Portola Ave., Glendale, Calif 
Keiser, Morris, 1025 King St., Alexandria, Va. 
Keller, Dr. Max Leo, Kornweg 8, Aarau, Switzer¬ 
land. 

ItfcShane, Joe B„ 810 Western Natl. Bldg., San 
Antonio, Texas. 

Newman, Rexford C., 100 High St., St. Clairaville, 
Ohio. 

Nimetz, John B., 3442 Sacramento St., San- Fran¬ 
cisco, Calif. 

Olsen, V., P. O. Box 404, Shanghai, China. 

Peterson, Alex., Central West Pub. Serv. Co., 
Omaha, Nebr.. 

Richardson, Jas. Ray, 223 Shelcfoa Ave., S.E., 
Grand Rapids, Mich. 

Schatz, Nathan, 1845—52nd St., Brooklyn, N.Y. 
Shen, C. Mayo, 18 an Check L8, Scott Rd., Shang¬ 
hai, China. ' 

Thomas, Alfred J„ c/o L. J. Healfcg & Co,, Ltd., 
Ynsen Bldg., Tokyo, Japan. „ 

Uline, Wm. A., Northern Elec. Co., Guy & Notre 
Dame Sts.,"Montreal, Que., Can. * 
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Unless otherwigfe specified, books in this * 
list have‘‘been presented by the publishers. 
The Sbciety does not assume responsibility 
for any statement made; these are taken 
from the preface or the text <jf the book. * 

All, books listed may bp consulted in the 
Engineering Societies Library. 

ARCHIV FOR TECHNISCHES .MESSEN. 
Lieferungen 13-14, July-Aug., 1932. Munich and 
Berlin, R. Oldenbourg. Ulus., 12x9 in v paper, 1.50 
rm. each. Section of a comprehensive work whifch is 
being published serially on nriethods of technical 
measurement and measuring instruments. Each 
number contains brief articles Jay specialists; . also 
usually bibliographies. Punched for loose-leaf 
binder and classified for convenient reference; 

• CHEMICAL ENCYCLOPAEDIA. By C. T. 
Kingzett. 6 ed. New York, D. Van Nostradd, 
1932. 1014 p., 9x8 in., cloth, $10.00. A convenient 
one-volume reference work in nontechnical lan¬ 
guage intended primarily for merchants, manufac¬ 
turers, and all interated in chemical processes; also 
useful to professional chemists for rapid reference. 

A brief, clear account of almost every chemical sub¬ 
stance of practical importance. 

CHROMIUM PLATING. By E. S. Richards. 
Phila., J. B. Lippincott, 1932. 131 p., illus., 8x5 in., 
cloth, $3.50. Intended for those responsible for plat¬ 
ing plants and devoted to the practical production of 
, the plate and methods for ensuring regular outputs 
of good wprk. Shop equipment and methods of pre¬ 
paring, pitting, and finishing work described in de¬ 
tail. 

DIESELMOTOREN IN DER ELEKTRIZI- 
TAtSWIRTSCHAFT INSBESONDERE FOR 
SPITZENDECKUNG. By M. Gercke. Berlin. 
Julius Springer, 1932. 92 p.. illus., 10x8 in., paper, 6 
rm. A study of the suitability of Diesel engines for 
electric power plants and of the extent to which they 
have been used. The author gives data upon plants 
throughout the world, discusses advantages of the 
Diesel as standby and peak load equipment, and 
compares its economy with that of steam equipment. 

EINFOHRUNG IN DIE METALLOGRA- 
PHIE. By P. Goerens. 8ed. Halle (Saale), 

* Wilhelm Knapp, 1932. 302 p., illus., 10x7 in., 

paper, 15.60 rm.; bound, 17 rm. Since the fifth 
edition of this book much has been done to clarify 
the theory of metallography and to extend its prac¬ 
tical . use. These advances have been used in the 
revision. A new chapter on the X-ray examination 
of metals is incorporated. Practical application 
of metallography in iron testing has been enlarged 
upon and the advantages of metallographic in¬ 
vestigation in studying flaws emphasized. 

EinfOhrung I*T DIE THEORETISCHE 
KINEMATIK. By R. Muller. Berlin, J. Springer, 
1932. 124 p., 9x0 in., paper, 6.80 rm. This textbook 
presents the course given by the author at the 
Darmstadt Tech. Col. It is intended primarily for 
students of mechanical and electrical engineering, 
but is adapted also to students of mathematics. 
Presents theoretical principles underlying machine 
design, in generat purely geometrical. 

ELBKTROTECHNICKA ROCENKA ESC 1932. 

By B. Pafez. Prague, Elektrotechflick^* Svaz 
Ceskoslovensky, 1932. 320 p., illus., 12x9 in., cloth, 

KC 200. . The yearbook of the Czeschoslovak Elec¬ 
trical Society giving a complete description of the « 
condition^of the electrical industry in the country, 
and containing regulations governing electric utili¬ 
ties; very complete statistics upon light and power, 
rgefio, telephones, etc.; lists of manufacturers and 
other data of value to engineers. 

ELEMENTS OF PHYSICS. By A. W. Smith. 3 
ed. New York & London, McGraw-Hill, 1932. 778 
p ; , illus., 9x6 in., cloth, $3.60. A college textbook 
giving a survey of the field of physics with consider¬ 
able emphasis upon modern physics. An endeavor* 
to encourage the student to form physical images of 
the principles presented and to apply them to the 
explanation of every-day experiences. Applications 
of physiqs to agriculture, engineering, and every-day 
life are used largely to illustrate the principles. 

ENCYCLOPAEDIA OF OXYACETYLENE 
WELDING. 2 v,; V. 1. Pipe Construction. 83 p. 

Y- 2. Construction of Apparatus and Containers. 

SO p. • Geneva, Switzerland, International Advisory 
Committee for Carbide and Welding Technique. 
f (Gift of Acetylene and Welding Consulting Bureau, 
Ltd., London). 1932. Illus., 12x9 in., cloth, 10s.6d. 
The first 2 yol. ota series of 6 forming an album on 
the applications of oxyacetylene welding. Each vol-. 
““e contains about 80 plates of welded structures, 

, and brief explanations in 5 languages. The engineer 


or manufacturer will find the work interesting and 
suggestive of many uses for the process. 

FEDERAL RADIO COMMISSION, Its History, 
Activities, and Organization. (Inst, for Government 
Research, Service Monographs of the U.S. Govt. 
No. 85.) By L. F. Schmeckebier. Washington, 
Brokings Institution, 1932. 162 p., 9x6 in., cloth, 
$1.50. A monograph giving an accurate account of 
the history and development of the Commission, de¬ 
scribing its specific activities in detail and explain¬ 
ing its organization.' The regulations governing its . 
work, its appropriations, and expenditures, are pre¬ 
sented; with a full bibliography. 

H&AT-TREATMENT AND ANNEALING OF 
ALUMINIUM AND ITS ALLOYS. By N. F. Bud- 
gen and D. Hanson. London, Chapman & Hall, 
Ltd., 1932. 341 p._, illus., 10x6 in., cloth, 25s. The 
,, eones hardening and strengthening aluminum 
alloys, practical' methods, and equipment for ther¬ 
mal treatment, its effects upon the physical proper¬ 
ties of wrought and cast material, and the annealing 
of wriught and cast aluminum and. its alloys, are 
discussed comprehensively for the first time. Scat¬ 
tered information is collected and presented Jof* 
practical use. Dr. Budgen is superintendent or a 
large English aluminum foundry. 

INDEX TO THE LITERATURE OF FOOD 
INVESTIGATION. V. 4. No.. 1, March 1932. 
London, Gt. Britain, Dept, of Scientific and Indus- 
trial Research. 135 p., 10x6 in., paper, 2s. 6d. (Ob- 
tainable from the British Library of Information, 
270 Madison Ave., New York, $.70.) This index, 
printed every 6 months, is useful to all those con¬ 
cerned with food production and preservation. 
Nearly 100 periodicals are covered, entries are 
classified conveniently, jund annotations provided. 
The. engineering section will be found useful as a 
bibliography of investigations of refrigeration and 
air conditioning. 

INTERIOR AND EXTERIOR LIGHTING. 
By C. E. Weitz. Scranton. Pa., International Text¬ 
book Co., 1931. Ft. 1, Interior Lighting, 41 p.; Pt. 
2. Exteno? Lighting, *77 p., illus., 8x5 in., cloth, 
$1.75. A description of modem lighting practise, 
advising'choice of methods and fixtures, standards 
of illumination for various purposes, and similar 
matters. A^help to those wishing elementary ad¬ 
vice in concise form. 

INTRODUCTION T« PHYSICAL SCIENCE. 
By C. W. Min*. New York, John Wiley & Sons, 
1932. 4CB p., illus., 9x0 in., doth, $3.00. To pro- 
wide an elementary text that will offer the necessary 
fundamental training ?yid at the same time give a 
broader outlook ou modern physics. An effort to 
lead the student by natural steps’from the begin¬ 
nings of scientific thought to the results of modern 
reseateh. The text is clear and definite. Mathe¬ 
matics beyond the high school stage are omitted. 

„ LICHTBOGEN - STROMRICHTER Ft)R 
SR HR HOHE SFANNUNGEN UND LEISTUN- 
GEN. By E. Marx. Berlin, J. Springer, 1932. 167 
p., illus., 9x6 in., cloth, 18,50 rm. A book to show 
that it is possible to transform and rectify high 
voltage currents by means of arcs burning in cur¬ 
rents of compressed air. .The principles underlying 
this rectifier and practical methods for constructing 
arc rectifiers are presented, based largely upon the 
investigations of Prof. Marx and his colISagues at 
the Braunschweig Technical High School. 

MACRAE’S BLUE BOOK, consolidated with 
Hendricks’ Commercial Register. 40th Annual Edi- 


aw* uMuuiowbuiciai iftu* 

roads, qpnes, municipalities, public utilities, con¬ 
tractors, engineers, and mills. Materials are fully 
classified and well indexed, with a directory of manu- 

__1 I»1 j* _ j. _ .i* ■ 


materials and theychoice of equipment for any given 
purpose are discussed. 

e • 

MODERN PHYSICS. By G. E. M. Jauncey. 
New York, D. Van Nostrand, 1932. 568 p., Ulus., 
9x6 m., doth, $4.00. Intended fon the student with 
one year of college physics aqd mathematics, and 
directing attention to X-ravj, the quantum theory, 
cosmic rays, relativity, radioactivity, astrophysics, 
and similar topics. The book is designed to give the 
student some knowledge of the parts dl physics 
which are now in process of active formation or only 
recently developed. 

NOMOGRAM, th«S»Thehry and Practical Con¬ 
struction of Computation Charts. By H. J. Allcock 
and J. R. Jones. London & New York, Isaac Pit¬ 
man & Sons, 1932. 209 p., 9x6 in., clBtA, $3.00. The 
authors discuss the general theory of nomograms 
and give practical directiqns for making wad using 
all classes of computation charts of scientific or in¬ 
dustrial usefulness. The book covers the field satis¬ 
factorily and will be wdcomed by calculators. 

PHOTOCELLS AND THEIR APPLICATION. 
By V. K. Zworykin and E. D. Wilson. 2 ed. New 
York, John Wiley & Sons, 1932. 331*p., illus., 8x5 
in., cloth, $3. The theory of the photoelectric cell, 
its manufacture, and its use in picture transmission, 
television, sound production, and for other indus¬ 
trial purposes, are set forth concisely, yet compre- 
* hensively. A book useful to the untrained reader as 
well as to the specialist. The new edition has been . 
revised thoroughly and 5 newchapters added. * 

RADIO ENGINEER?NG. By F, E. Terman. 
New York & London, McGraw-Hill, 1932. 688 p.,« 
illus., 9x8 in., cloth, $5. This textbook aims to pre¬ 
sent a comprehensive engineering treatment of the 
more important vacuum tube and radio phenomena 
for the senior year of an electrical Qrfffcineerlng cur¬ 
riculum.. The first part of the booR is devoted to the 
theory of tuned circuits, the fundamental properties 
and the applications of vacuum tubes of importance 
to alt electrical engineers. The second part discusses 
mqre specialized radio topics, such as radii*receivers 
and transmitters, wave propagation, antennas and 
direction finding. 

SYMPOSIUM on RUBBER: Cleveland, Ohio, 
March 9, 1932. Philadelphia, Am. Soc. for Test:. 
Mats., 1932. 100 p., illus., 9x6 in., paper, $1.75.— 
The papers deal with the manufacture of rubber 
products and the properties of rubber as an engi¬ 
neering material. Topics discussed include proper¬ 
ties of crude and reclaimed rubber, vulcanization, 
compounding, reinforcing, flexing of rubber prod¬ 
ucts, shock and vibration properties of rubber, 
deterioration’under friction, resistance Jlo water, 
chemicals and electrical characteristics, and uses 
as an adhesive. * 

Die TECHNISCHE ELEKTROLYSE. WAS* 
SERIGER LttSUNGEN. (Handbuch der tech- 
nischen Elektrochemie v. 1, 2 pts.) By V. Engel- 
Leipzig, Akademiscne yerlagsgesellschaft 
1931-32 Pt. 1, 013 p., 52*rid., cloth; Pt. 8, 
331 p., 32 rm., cloth, 10x7 in.—With the assistance 
of German and American specialists, Dr. Bagel- 
hardt has undertaken the preparation of a comnre* 
hensive, systematic treatise upon, the technical • 
uses of electrochemistry and electrometallurgy? 
This, the first of 5 vols., is devoted to the elec¬ 
trolysis of' aqueous solutions. General discussion 
of theoretical principled and a general review # of 
apparatus (baths, electrode?, diaphragms, etc.) 
open the volume; then attrition is turned to the * 
electrometallurgy of aqueous Elutions. The elec¬ 
trolysis of industrial metals is then discussed by 
various experts. Throughout, attention is concen¬ 
trated upon present practise, and much note given 
to descriptions of modern plants, plaftt and operat¬ 
ing costs, and statistics of production and prices. 
Bibliographies included. Useful to all in search of 
practical information. • 


Engineering Societies Library 

29 West 39th Street, New York, N. Y. 
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facturers and local distributors, a section describing I kJAInflVMNED as a public reference library 
the trade*facilities m towns qf more than 1,000 in- . I Iv* of engineering and the allied sciences, this 
habitants, andahdirectory of trade names. A section « library Is a cooperative activity of the national 
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ahitants, and a'*directory of trade names. A section * 
is devoted to Canada. . 

MTTTRILUNGEN AUS DEN FORSCHUNGS- 
ANSTALTEN DES GHH-KONZERNS, Band 2, 
Hert 2, Julj* 1932. Berlin, VDI-Verlag. 35-56 p., 
illus., 12x9 in., paper, 2.50 rm. This number gives a 
description of a new spectrum photometer and its 
u9e for the rapid analysis of alloys, especially iron; 
an article on the resistance of welded bars, a com¬ 
parison of the calculated resistance of ships with the 
results of tests on models, and an essay on entropy 
and probability. 

MODERN* MATERIALS HANDLING. • By 
S. J. Koshkin. New York, John Wiley & Sons, 1932. 
488 p., illus., 9x6in., sloth, $6.00. Alarge apmunt of 
condensed information in convenient font* upon 
modem methods %nd equipment fqj handling ma¬ 
terials in factories. Cranes, oimrhead transporters, 
trucks, conveyors,, hoists, coal, and ash handlers,. 
etc., are considered. Methods of handling different 


library Is a cooperative activity of the national . 
societies of civil, electrical, mechanical, and rnm- 
Ins engineers. • 

Resources of the library are available also * 
4o those unable to visit it In oerson. Lists of 
references, copies or ’translation of articles, 
and similar assistance may be obtained upon 
written application, subiect only to charges juffL * 
cient to cover the cost of the work required. 

A collection of modem technical boob is 
available to any member residing in North Anftr- 
lft at ^ rental rate of live cents per day per 
\(plume, plus ^transportation charges. 

Many other services a rtf obtainabte*and an 
Inquiry to the director of the library will bring 
. Information concerning them. 
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,M. PpEUis Resigns From Steel & Tubes, 
Inc.—Announcement has been tnarle by 
Morgan P. Ellis, of his resignation as general 
sales manager of Steel &*fTubes, Inc., Cleve¬ 
land, 0. Mr. Ellis has not revealed his 


plans for the future. 

• .* 

Engmeering Finn Opens Cincinnati 
OfiQ.ce.—Uhe Burns & McDonnell Engineer¬ 
ing Co., consulting engineers, has opened an 
office at 612 Dixie Terminal Bldg., Cincin¬ 
nati, in chafge of F. Lambert, a member 
of the fmn. This company has been estab¬ 
lished at Kansas City for thirty-five years, 
and has had an office in Los Angeles for the , 
•past ten years. The firm specializes in 
municipal engineering, inducting electric 
light plants, water works, sewer systems, 
'investigations, appraisals, and reports. 


Bajl Bearing Sales Consolidation.—The 
Marlin-Rockwffll Corporation has consoli¬ 
dated the sales activities forfherly carried on 
independently by its subsidiary companies— 
Gurney *Ball Bearing Division,. Standard 
Steel jfc Bearings, Inc., and Strom Bearings 
Co. The bearings manufactured by these 
companies will hereafter be marketed 
through the corporation’s sales organiza¬ 
tions, with offices at Jamestown, N. Y., 
Plainville* Conrf, and Chicago. Branch 
sales offices will be maintained at the former 
addresseg in Detroit, Cincinnati* Cleveland, 
Los Angdes, affd San Francisco. Anew 
branch sales office has been opened at 40 W. 
63rd St., New York. 

New York OflQceS for Amerika-Interessen, 
Ific.—Offices ha$e. been opened in the 
Chrysler Building, New York, by Amerika- 
•Interessen, Inc., organized as the American 
finit of A. G. Fuer Amerika-Interessen, 
operating also in Berlin, Paris, and London. 
A4cording*to Botho Bilienthal, president, 
• in order to surmount tariff barriers, the 
corporation pfan? to make available to the 
manufacturers of one-country such devices, 
processes and patents that have been proved 
successful in other countries. For manu¬ 
facturers who • wish to augment their in¬ 
comes by obtaining business abroad, but 
cannot do so by exports, agreements are 
negotiated covering production and market¬ 
ing rights. This is done by issuing licenses 
on a royalty basis or by the outright sale 
of the manufacturing and marketing rights 
for the country involved. The American 
company’s engineers have selected from 
over 1,000 offerings, about 100 devices 
th*at ^eem suitable for immediate exploita¬ 
tion Si this country. These are in many 
.fields and indude such widely different iin»s 
as machine tods and.appliances, electrical 
devices, tepaperature indicators apd« re- 
carders, optical instruments, advertising 
displays, air conditioning equipment, 
wdding processes, steel house construction, 
etc." ** 

. • • . » . 

Splash^Pjroof Motor.—The * Louis Alis 
Co., Milwaukee, has introduced a splash- 
proof motor safeguarded to prevent entrance 
of water splashed with terrific pressure from 

• * • 9 : .' 

82 $ 


any angle, yet adequately ventilated and 
built in the same dimensions as a standard 
open motor. A double baffle in an ellipti¬ 
cal-shaped air passage in each end-bell pro¬ 
vides the unusual protection offered by this 
new motor. The unique construction per¬ 
mits free passage of ventilating air yOt traps 
and drains water splashed into the air open¬ 
ings at the bottom of tlie elliptical-shaped 
chambers. Another original feature is a 
shaft guard which breaks th® force ®f a 
stream directed along the shaft extension 
and prevents water from entering the bear¬ 
ing chamber. 

New Circuit Breaker.—The Delta-Star 
Electric Co., Chicago, announces a new 5 kv, 
3,000 amp, 50,000 kva three-pole, non-oil 
th/owing type, indoor oil circuit breaker. 
The welded square tank with full rounded 
comers, is fabricated of heavy steel plate, 
thoroughly reinforced and banded. The in¬ 
terior is completely lined with arc-resisting 
material. The straight line motion mecha¬ 
nism, composed of non-rpagnetic steel parts, 
operates under a heavy, Everdur domed 
tank head, eliminating magnetic heating. 
The terminals and bushings are made of cop¬ 
per bars with wrapped, impregnated, babe¬ 
lized paper. These terminals are held to the 
domed head by means of non-ferrous clamps. 
The breaker lift rods travel through roller 
guides, insuring positive alignment with low 
friction losses, and high speed of contact op¬ 
eration. • # 

Another Bumdy Lug.—Contouring on a 
program of developing connectors f@r wires 
and cables based on the clamp type princi* 
pie, the Burndy Engineering Co., Inc., Nen* 
York, has developed a'clamp type lug that 
possesses new features which minimizg in¬ 
stallation costs. To install the new type of 
Bumdy lug requires only a wrench and a 
minute or two of time. The compression 
principle used provides contact over a large 
Cable area in close intimacy with the contact 
tongue of the lug. Designs of the new de¬ 
vice for all standard %ire and cable sizes, 
as well as odd combinations of angle* con¬ 
nections for single and multiple conduc¬ 
tors have been prepared. Since its intro¬ 
duction there have £een a number ©f notable 
installations,, including the use of thousands 
of the lugs in the Rockefeller Center group * 
of buildings in New York. • 

New Electrostatic Voltmeters.—A com- 
\ plete line of electrostatic voitmet&s, de¬ 
signed to provide a ready means for measure¬ 
ment of high d-c and a-c voltages, particu¬ 
larly in circuits of high resistance where any 
appreciable current taken by a voltmeter in¬ 
troduces considerably error, has been de¬ 
veloped by Ferranti, Iric. The instrument 
is entirely free from wave form, frequency 
and temperature errors, and is available in 
the single- range projecting, flush **r portable 
types, fitted in 2. 1 /*' moulded bakelite cases. 
The meter can be supplied in nine different 
ranges*fiaving full scales from 450 volts tp 
3,500 volts, the capacity ranging, from 30 
•micro-microfarads with full*scale deflection 


for the 45(f-volt meter, to 5 micro-micro-^ 
faritds for the 3,500-volt instrument. The ” 
meter is designed with an 80° scale readable r 
to the unusually low figure of 20% of the 
full scale value. ^ 

A safety resistance of high value is fitted 
urilde the case of each instrument to limit 
* the current in the event of a flash-over due 
to over-voltage. This* resistance? renders 
the meter free frory. damage to overt-load 
pxpvided that the over-load is maintained 
for %nly a short time. The Fer/anti elec¬ 
trostatic voltmeter ris essentially a variable 
condenser, and although there is a minute 
current passed by the instrument on alter¬ 
nating current circuits, there is no power 
loss as th^ current is 90° leading with re¬ 
spect to the voltage and has no “in-phase” 
component. The instruments are mag¬ 
netically damped; and have reasonably high 
torque for.this class of meter. • 


Trade Literature 


Uses of Hard Rubber in Industry.—Cata¬ 
log 1, 18 pp. Describes hard rubber prod¬ 
ucts for industrial purposes. Illustrations 
include applications in electrical manufac¬ 
turing. American Hard Rubber Co., 11 
Mercer St., New York. 

, Midget Motors.—Bulletin,, 4 pp. De¬ 
scribes “Barcol Midget” shaded pole induc¬ 
tion motors. Other bulletins on two-pole 
and four-pole undirectional motors and two- 
pole geared-head, and reversing motors, 
1-100 hp and less, ar£ also available. ' 
Barber-Colman Co., Rockford, I1L 

Constant-Tension Drive.—Bulletin 602, 

4 pp. Describes the Reliance automatic ten¬ 
sion regulator for application to any process 
requiring a constant tension in material 
being wound or unwound from a reel. Re¬ 
liance Electric &*Engg. Co., 1088 Ivanhoe 
Rd., Cleveland, O. 

New Metering System.—Bulletin I960, 

# 8 pp. Describes a new metering system com¬ 
bining the advantages of the new OC de¬ 
tachable vatthour meter, the new portable 
stroboscopic standard, and the nofuse load 
center. Each of these pieces of equipment is 
illustrated and its use in the system ex- r 
plained. The field testing method provided .. 
by the stroboscopic standard constitutes' a 
new element in metering. Westinghouse 
Elec. & Mfg. Co., Newark, N. J. 

Ratchet Type Relay.—Bulletin CX 464. 
©escribes the “Dunco” ratchet type, or se¬ 
quence relay. The energizing of the coil 
moves the pawl, engaging a ratchet which 
actuates a cam or cams to open or close the 
contacts. By a minor adjustment of the 
cams moving the contacts together, these re¬ 
lays can be made single pole,"double break; 
double pole, single break; or single pole, 
single break, double throw. Relays can be 
furnished for various voltages^ alternating or 
direct current Struthers Dunn^ Inc., 139 
No. Juniper St*?, Philadelphia, Pa. „„ r 
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» An electric passenger train leaving the west end of theTamous 
Cascade tunnel on the Great Northern Railway in Washing- 
* * ton. The tunnel is 7.79 mi|es long and cost $14,000,000 to 

* build; it was completed early in 1929. The locomotive is . 

of the single-phase motor-generator type operating on 11,000 
volts, and weighs 260 tons. # 
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PlJLP insulation may now be applied 
directly to*the conductor of a telephone 
cable,, the paper making and insulating 
operations being combined into one process. 
A considerable saving over spirally wrapped 
paper insulation is made possible by the 
use of a low cost Kraft pulp and the elimina- 
,tion of the paper making, paper splitting, 
and handling operations, p. 838-43 

• 

Discussions of the technical papers 
presetted at the Institute’s Middle Eastern 
^District meeting, Baltimore, Md., October 
10-13, 1932, have been reviewed and stffn- 
marized. Pt 877-9 * 

• • • 

Unlimited range is available in a new 
electrostatic voltmeter for measuring eUher 
a-c or d-c potentials. It is a .rugged and 
portable instrument, has high accuracy, 
short period, linear scale characteristics, 
and draws no current, p, 863-5 


LlGHTNING protection has been care¬ 
fully considered inlhe design of the Safe 
Harby-Wistport 230-kv transmission line.* 
Insulation is particularly heavy, ground 
wire protection has been applied according 
to the latest theory, and special effort has 
been made to, reduce tower to grouiftl 
resistances, p. 834-8 m 

SYNCHRONOUS motors ^.ppliSd to con¬ 
stant speed main-rolls in metal rolling mills, 
both steel and non-ferrous, are rapidly in¬ 
creasing in favor, due to improvements in " 
the synchronous motor and its control, and 
the favorable first eost. p.855-8 • 

FaULT location on power cables has been 
facilitated by one company through the use 
of constant current transformer for reducing 
high •initial fault resistance, and a short 
circuiting Switch for generating signals 
which locate the fault, pi 870-2 


Quick stopping of synchronous 
machines usually can be accomplished 
most satisfactorily by ^dynamic brak¬ 
ing. Accurate prediction of the num¬ 
ber of revolutions. a$d time required to 
stop now can beffhade by <■means of 
simple formulas. Changes in *exdta- 
tion during the stopping period are 

taken into account, p. 843-5 

» , 

P • •* * f 

ECONOMIC aspects of water power 

hav^ been analyzed to facilitate com¬ 
parison between hydroelectric and 
steam plants. The capacity and en¬ 
ergy costs of hydroelectric power "are 
expressed in terms of the cost of steam 
power, and various factors affecting 
any decision as to whether a hydro¬ 
electric or steam power plant is to be 
built are discussed.. p. 849-5$ 
r 

.K^ETAL transfer during electric arc 
welding, although subjected to much 
discussion, is* not fully understood. 
The mechanism of this transfer has r 
been studied by a new method which r 
it is stated records all of the^possible 
forms of metal transfer, by means of a 
metallic strip moving at high speed 
through the arc. This method indi¬ 
cates that liquid globules are the chief 
form of metal transfer, p. 852-4 

CHANGES have been made in the 
prizes which the Institute presents for 
technical papers. These phanges con-, 
cem the prizes for*«national. Section, 
and Branch papers. Although the 
cash awards have in some cases been 
eliminated, ample incentive for the 
preparation of well written papers 

should remain, p. 875 

• * 

Technical papers to be presented 
at the 13 sessions of the institute’s 
coming winter convention to be held in 
New York, N. Y„ January 23-27,1933, 
have been tentatively arranged. The 
subject balance of these papers is par¬ 
ticularly good, and should draw many 
to attend the convention, p. 873-4 *> 

^VcTIVITIES in unemployment *e-' 
lief during the winter 1931-32 were 
summarized in Electrical Engineer¬ 
ing for November 1932, p. 809-13. 
Supplementing this article, suggestions 
which have been received from many 
Sections of the Institute, giving meth¬ 
ods which may be followed during the 
coming winter, are presented in the 
present issue, p. 880-2 

# 

House telephone cables for large 
buildings require consideration of many 
factors to insure that ,the telephone 
plant shall be used with the 'maximum 
degred of efficiency, p. 867-5* 
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The relay subcommittee of the' A’.I.E.E. 
protective devices committee herewith 
submits its recommendations for the pro¬ 
tection of electrical apparatus/ These 
recommendations are' based upon a ques¬ 
tionnaire and the 37 replies thereto from 
specialists in this field. 'Answers were 
interpreted and codified by a group of 
20 experienced engineers particularly 
interested * in the protection of electrical 
apparatus and circuits! It is hoped that 
this concensus of present-day opinion will 
be the beginning of a series that will be 
augmented' and improved with each 
periodic analysis and reissue. 
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IN THE^ PAST, 3 papers # entitled 
Transmission Line Relay Protection" have been 
presented before the Institute. These indicated the» 
progress of the protection art and discussed in some 
detail certain methods considered general practise %t 
the time they were written. The last one, presented 
in 1930, contained brief notes on the protection of 
some of the major items of system equipment. At 
that time, however, it was believed desirable to have 

a similar paper prepared, wjjich would be devoted to 

~ _ ». _____ 

Fall text of a report (A.I.E.E. Paper No. 33-1) prepared by the relay subcommit¬ 
tee of the protective devices committee to be presented at the A.I.E.E. winter 
convention, New York, N. Y., Jan. 23-27,1933. # 

Members of relay subcommittee—O. C. Traver, Chairman, Oenl. Elec. • Co., 
Phila., Pa,; E. H. Bancker, Genl. Elec. Co., Schenectady, £T. Y.; D. L. Bement, . 
Northern Ind. Pub. Serv. Co., Hammond, Xnd.; H. D. Braley, N. Y, Edison 
Co., New York, N. Y.; R. E. Cordray, Genl. Elec. Co., Phila., Pa,;* G. B. Dodds, 
Duquesne Lt. Co., Pittsburgh, Pa.; W. W. Edson, Edison Elec. Ilium. Co., Bos- 
\on, Mass.; L. E. Frost, Bklyn. Edison Co., Bklyn., 1J. Y.; J5. E. George, Tenn. 
Elec. Pwr. Co.. Chattanooga, Tenn.; S. L. Goldsborough, Westinghouse R. & 
M. Co., Newark, N. J.; W. A. Lewis, Westinghouse E. & M»Co., Pittsburgh, 
Pa.; H. A. McLaughlin, Central Hudson Gas & Elee. Co., Poughkeepsie, N. Y.; 

J. H. Neher, Phila. Elec. Co., Phila., Pa.; R. B. Pierce, Elec. Bond & Share Co., 
New York, N. Y.; C. F. Powers, New England Pwr. Corp., Bqjton, Mate.; H. 
M. Rankin, Metropolitan Edison Co., Reading, Pa.; A. W. Rauth, Consumers 
Pwr. Co., Jackson, Mich.; F. O. Schnure, Bethlehem Steel Co., Sparrows Point, 
Md.; H. P. Sleeper, Pub. Serv. Elec. & Gas Co., Newark, N, J.; B. R. Stauf- 
facher, So Calif. Edison Co., Los Angeles, Calif.; George Steeb, Buffalo Niagara 
& Eastern Pwr. Corp., Buffalo, N. Y.; and E. 8f. Wood, ^Jydjo Elec. Pwr, 
Cqmm.; Toronto, Canada. 

Others who supplied data through their replies to the questionnaire—T. J. Bofct- 
wick, Aluminum Corp. of America, Pittsburgh, Pa.; B.'a. Childerhose, Stone & 
Webster Co., Boston, Mass.; H. W. Collins, Detroit Edison Co., Detroit, Mich.; 
L. E. Cook, Texas Pwr. & Lt. Co., Dallas, Tex.; A. C. Cummins, Carnegie Steal 
Co., Duquesne, Pa.; C. H. Frier, Okla. Gas Co., Okla. City, Okla.; G. W. Ger- 
rell. Union Elec.*Lt, & Pwr. Co., St. Louis, Mo.; A. S. Goodrich, gfammermill 
Paper Co., Erie, Pa.; H. H. Green, Pa. Pwr. &Lt. Co., Hazleton, Pa.; J. Hellen- 
thal, Puget Sound Pwr. & Lt. Co., Seattle, Wash.; A. V. Joslin, Pacific Gas & 
Elec. Co., San Francisco, Calif.; J. T. Logan, Georgia Pwr. Co„ Atlanta,*Ga.; 
C. A. haulier, Ajnerican Gas &.Elec. Co., New York, N. Y.; P. H. Robinson, 
Houston Lfcg. Co-., Houston, Tex.; J. J. Samson, Commonwealth Egis&n Co., 
Chicago, Ill.; £. J. Smith, IHino^ Steel Co., Chicago, III.; and E. B. yjagner, 
Lehigh Wflley Coal Co., Wilkes-Barre,*Pa. » 
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apparatus protection. It is therefore the purpose 
of this report to present a review of those methods 
that are in general favor at the present time, and 
that are considered good practise for the protection 
of the main items of electrical apparatus.. * 

Information upon which this report is based was 
furnished by representative engineers associated with 
protective problems in public utility and industrial 
fields. In order that the survey might be as com 1 ^ 
prehensive as possible, 61 copies bf a questionnaire* 
were distributed, of which 35 were returned. Ttf 
guard against answers being given in the light of past, 
practise the transmittal* letter emphasized particu¬ 
larly the value of opinions based upon futufe appli¬ 
cations rather than* upon- existing installations. 
Therefore it may be assumed confidently th§.t the 
condensed results given express the most advanced 
ideas of a preponderant body of engineers engaged 
directly in the study of protection problems. 

In but few cases the average opinion expressed in 
the questionnaires differs from the views of the com¬ 
mittee. Where such disagreements occur; both 
opinions are given, together with the* reasons that 
influenced the committee in qualifying the average 
opinion disclosed by the questionnaire. While-agree¬ 
ment was not always unanimous, no*radically differ¬ 
ent views were found to exist. • . 

There appears to be a growing recognition of the, 
importance of considering protection problems fsom 
2 major viewpoints: (1) their monetary significance 
as insurance against damage to equipment* and 1 $) 
the less tangible, but no less vital relation they bbar 
to the value of the service in terms of good-will. The 
former may be computed readily from existing 
records of repair costs ; the latter is more difficult to 
evaluate in a pecuniary sense and consequently is* 
susceptible to a variety of conclusions when con¬ 
sidered from the angle of return*on capital invested.^ 
J[t is not disputed that this return is large, especially* 
ip comparison with the cost of the protective devices, 
and that it probably will loom still larger as power 
system growth and interconnections continue. 

In arriving at the opinions expressed the committee 
cluly weighed the cost of the protective equipment 
ag ains t the value of the results to be expected. • This 
procedure will be found borne out by the kilovolt¬ 
ampere ratings for which the more expensive methods 
of protection are recbmmehded. Not only is a large 
piece of apparatus inherently more costly than a 
small one, but its incapacity to operate will result in 
relatively greater inconvenience to the system it 
serves. '* 

It should be remembered also that thege recom- 
pierided ratings apply to the general case and that 
special situations will arise^ in which it may be 
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deemed advisable either to raise or to lower .them. 
Machines of a certain ratingmiay seem small on a» 
large system and yet attain considerable importance 
when the system to which they are attached is itself 

* small. In view* of the difficulty of basing recom- 
' mended ratings upon the size of the system the com-* 

.mittee felt that it was preferable to consider such 
ratings upon thejnoie definite basis of intrinsic varies, 
and relative costs of protection. 

This report deals particularly with protection 
against electrical and mechanical failure. When 
applied to unattended*apparatus it Overlaps to some 
extent the field of A.I.E.E. Standards No. 26 on 
automatic stations which embrace protection against 
control failure?* 

A-C Generators 

i • 

• 

. Bifferential Protection. In general differential pro¬ 
tection is recommended for a-c generators. Equip¬ 
ment used for this protection should disconnect the 
•line and field simultaneously and also the neutral if 
an aftequaik circuit breaker is provided. In some 
cases it shuts down the prime mover. This equip¬ 
ment %lso should present any dangerous rise of 
exciter voltage when the exciter is connected directly 
to a hydroelectric generator, or in any other situation 
in which the exciter may attain excessive speed upon 

* loss of load on the prime mover.. As a further pre¬ 
caution # agaiqpt the spread of destructive effects 

* following an internal failure, the differential relay 

may be utilized to liberate carbon dioxide within the • 
shell of'any machine that has a degree of enclosure 
sufficient to render the gas effective. • 

For;generators of either the open or enclosed type 
at attended Rations differential protection is recom¬ 
mended for htftings of 1,000 kva and higher. The 
'average, as 'derived from answers to the question- 
naif e, is 3,000 kva; but in view of the intrinsic Value 
and the good results on record the committee felt 
ju#ified ih lowering this figure. At unattended sta- 
. tions differential protection is recommended for 
generators rated at 250 kva and higher. 

Pfom the standpoint of service, frequently a small 
^generator may be as important as a larger one; this 
Ts especially 4±Ue where a small machine is operating 
directly on a bus withlarger generators which already . 
*afe provided with differential protection. In such 
case a fault in the small generator, if not quickly 
removed, may prove as embarrassing to the service 
as a similar fault in a large generator; hence here, 
differential protection for the small machine is 
strongly indicated. * 

In«view of the decreased hazard of insulation 
failure at low voltages this form of protection is 
recommended only on machines rated at 2,300 volts 
and higher; This* opinion is strengthened by the 
high currents usually encountered at lower voltages, * 
^ since these require rather massive terminals and 
r involve greater, difficulty in bringing out all of the 


It is recommended that the zone protected by the 
differential relay include as far as possible all con¬ 
ductors that extend from the generator armatufe to 
the bus and the circuit breaker as well? 


On generators of 20,000 kva or large!*, having 2 or" 
more parallel windings per phase and where there is' 
a possibility of tum-to-tum failure, it is recom¬ 
mended that additional protection be provided in the 
form of a differential relay actuated by a difference 
of in-phase currents that may occur in the parallel 
windings. When the neutral is solidly grounded a 
tum-tortura fault will develop quickly into adault 
to ground; therefore Jhis protection is recommended 
particularly in cases where the generator .neutral is 
not solidly'grounded. The possibility, of circulating 
currents also must be investigated when parallel 
balance is contemplated;* perhaps, however, these 
can be avoided when the machine is designed. 
Unless this precaution is taken it is possible that pn 
external faults circulating currents may cause im¬ 
proper operation of the relay. With some types of 
armature windings this relay also is capable of 
detecting short-circuited turns in the field winding. 
Since this form of protection, is recommended only 
for large machines its provision addsrbut a small 
fraction to the over-g.ll cost of the unit. r 

Overcurrent Protection?. The qse of overcurrent 
protection for generators in attended stations is ,not 
regarded favorably, but is recommended for back-up r 
protection at unattended stations.* n When generators * 
at attended or unattended stations" are not provided 
with differential protection, then overcurrent devices, 
actuated either directly by the armature current or 
by its thermal effect as in a replica relay, should be 
employed. However, because of the rapid decre¬ 
ment of. the short-circuit current, care must be exer¬ 
cised in the use of overcurrent relays. 

A replica relay operates at a specific temperature 
«pf its»ojvn mechanism which is designed to have at all, 
times the same temperature as the device protected, 
when subjected to the same ambient conditions, 
other types of "temperature relays function on the 
actual temperature of the machine as determined by 
elements in direct contact, such as embedded tem¬ 
perature coils or thermocouples. Temperature re¬ 
lays are regarded as a valuable guide to the operator. 
It is the general opinion that in attended stations 
they should not disconnect the machine, but should 
provide onljr a warning signal. 

Field Temperature Protection. In general field 
temperature protection i» not recommended. An 
exception!, however, is made in favor of its applica¬ 
tion to generators that are provided with high speed" 
excitation nnd paralleled over long transmission - 
lines. Under short-circuit conditions a heavy fieM 
is applied .quickly to hold these generators in step; 
if tlnsrfield current is not reduced within a reasonable 
time it is possible for the generator field to overheat 
without the knowledge of the operator. To guard 
against this contingency a field temperature-relay' 
may be provided to sound an alarm in attended 
stations and to shut down the overheated machine 
if the station is unattended. 

Power-Directional Protection With Time*Delay. In 
the past this combination of protective devices ■ 
occasionally has been used to prevent motoring on - " 
the part of a steam-turbine-dijven generator* ‘Since 
the purpose •vyhich it sbrved ttow can be taken bare 
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t>f automatically at the throttle, it is the general 
Opinion that, except perhaps in rare cases, the need 
for this form of protection no longer exists. Its use 
as a protective measure against internal insulation 
failure is not recommended and pan be justified only 
in the case of,old machines which ^re not provided 
with sufficient hfmature terminals for the application 
of differential protection. • 

Bearings. Temperature protection is recom¬ 
mended for the main bearings of all unattended 
machines. \ • * 

Protection Against Overspeed. It is agreed that the 
usual provision at the prime -mover for protection 
against overspeed is satisfactory for the .purpose and 
that nothing further should be necessary. 

Protection Against'Accidental Loss of Field. Pro¬ 
tection against loss of field is recommended for dis¬ 
connection of the generator at unattended stations. 

A d-c undercurrent relay is the logical device for this 
purpose, but it must be given a suitable time delay to 
prevent its operation during transients reflected from 
the-armature*u^der short-circuit conditions. In at¬ 
tended stations tljis type *)f protection seldom is 
used; where it is used the relay should not disconnect 
' the generator but may provide an indication to the 
* operator upon the occurrence of this condition. 

* • • 
FrequencyConverters; Synchronous Condensers 

Recommendations regarding protective equipment 
for a-c generators apply also to frequency converters 
and synchronous condensers. In .addition it is be¬ 
lieved that some provision (usually time overcurrent 
relays) should be made for disconnecting a frequency 
converter, under out-of-step conditions. Usually it, 
is advisable to provide also time-delayed *tmder- 
voltage protection for synchronous condensers. No 
distinction is made between attended"and unattended, 

stations in the use of these additional features. 

» 

I}-C GENERATpRS 

At attended stations protection against overcurrent 
is considered necessary for d-c generators and, in 
addition, when these machines operate in parallel* 
with another source of power, provision should be 
made for protection against reversal of the normal 
direction of current flow, functioning independently. 
Additional refinements are usually necessary in un¬ 
attended stations, but the variety and special nature 
-of these devices do not permit of their inclusion in a 
general condensed report. They may be found listed 
in A.I.E.E. Standards No. 26. ! . * 

Bearings . Temperature protection is recom¬ 
mended for the main bearings of all unattended 
machines. * > . 

’ Exciters . When exciters are direct-connected, and 
do not operate in parallel, it is reconfinended that no * 
protection against electrical failure be used. For 
parallel operation, protection against overcurrent in 
a reverse direction should be provided. The? current 
-.setting should be high enough to prevent possible 
disconnection of the machines when paralleling and 
when momentary disturbances are reflected from the 
a-c generator armature dflring a-c short circuits. * 

* --."v I’* : . *.:• 
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Power Transformers # 

* and‘Power Auto-Transformers * • 

• • 

Differential Percentage. When circuit breakers are 
provided for each winding, percentage differential • 
protection is recommended for 2- or 3-winding;power • 
transformers of 1,000-kva rating and higher, eithter. 
wit^L or without ‘tap-changing equipment, and 
whether operated singly or in parallel. As disclosed 
by the questionnaire the average minimum rating 
for which differential protection is recommended was 
found to be 5,000 kva. The committee recommends 
that differential protection always be provided for 
banks of 5,000 kva and more if operated in parallel, 
even though additional breakers must.be purchased. 
When the transformer bank is part of a line; and is 
provided with a circuit breaker on the bus side only, 
certain modifications of the foregoing method are • 
recommended. These will be found »under a subse¬ 
quent heading., 

When the necessary circuit breakers are provided? 
for complete isolation of a power auto-transformer, # # 

percentage differential protection is rc<s6mmended 
for an equivalent physical capacity of 1,000 kva and 
greater. It is reco mme nded* also that all banks of 
power auto-transformers operated in parallel .of an 
equivalent physical capacity of 5,000 kva and greater • 
be provided with differential protection even though 
additional breakers must be purchased. The auto- • 
transformer output rating corresponding to 1,000 or # 
5,000 kva of equivalent physical capacity Will vary, • 

. of coqrse, with the ratio of voltage transformation. 

In general the ratio of the equivalent physical 
capacity of an auto-transformer to its output 
equal to the per cent voltage transformation,-based 
upon the high voltage thus: » 

Equivalent capacity ^ Ei — Ea _ ^ _ E 2 * 

Rated output E\ Ei 

» « ■*. 

where Ei is the high voltage, and E* the low voltage. 

It is recommended that circuits embraced by the 
diff erential' protection include all conductors up*to 
and including the circuit breakers'on each side of • 4 

the transformer. » 

Overcurrent Percentage ( Differentially-Connected ). 
Wheji differentially-connected overcurrent relays, are* • 
used in place of percentage differential protection for 
any of the foregoing types of * transformers, it is. 
recommended that they be of the inverse time type. 

This time characteristic prevents operation on ex¬ 
ternal faults which otherwise may create sufficient un¬ 
balance at the relay to bring about needless tripping. 

m Back-Up Protection. Th addition to differential 
protection, overcurrent or other back-up protection 
(not necessarily at the transformer itself) should be • 
provided at some point on the source side to prcJteqt m 
the transformer against the effects.of sustained excess 
currents which may arise from failure of* protective 
apparatus to clear faulty equipment. Temperature 
relays, either operated by embedded coils or of the • 

: replica type (described Under, * ‘A-C Generator* Over- 
Current Protection’;), al&o occasionally are employed. - 
When a*trahsformer is not protected by differential 
methods it is recommended that overcurrent protec¬ 
tion always be^provided. . 
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Smoke or *Gas Detectors. Insufficient experience 
with these devices in the United States precludes the* 
expression of an opinion regarding their value, or 
their possibilities,*.as a paeans of transformer protec¬ 
tion. *• 

Transformers Having Breakers Only in the Low Side.* 
Power transformers that have a circuit breaker on 
the bus side only, ^the other side being connected, 
directly to the line, generally are treated as part of 
the line £rfd consequently included in the line pro¬ 
tection. When the latter is protected by distance or 
directional overcurrerft relays it is suggested that 
differential protection also be considered for the 
power transformer and that this protection be 
arranged to trip the transformer breaker. Under 
some circumstances this will result in speedier iso¬ 
lation of the disturbance. For example, if a fault 
qccuts in the transformer during* a period when 
.normal power is flowing from the bus toward the 
far end of the line,*the directional relay git the distant 
end cannot respond to the fault current until it has 
•grown to proportions sufficient to overcome the 
torque produced by the normal direction of power. 
By quickly tripping the bus breaker, however, the 
differencial relay interrtfpts th^ normal flow of power 
and thus frees the distant directional relay of its 
normal power torque. The directional relay then 
responds to the feeble fault current and the trans¬ 
former is isolated before serious damage can result. 

Magnetizing Transients. Replies to the question¬ 
naire disclose that trouble from magnetizing tran¬ 
sients is # of sufficiently frequent occurrence to warrant 
some statement hy the committee regarding meaps 
ffir overcoming its effect on the protective relays. 
Inrush magnetizing currents disturb the balance at 
the different}^ Iclay, and may cause needless trip¬ 
ping of the breakers. The ability of power source’s 
o£ large capacity to maintain full voltage at. the 
inception of the transient adds greatly to the magni¬ 
tude which it* may attain. These abnormal currents 
are*caused primarily by the residual magnetic flux; 

. should this «be.*df appreciable magnitude, and in a 
direction such that the flux change required by the 
voltage at the moment of switch closure will push 
Jthe total fflix above the knee of the saturation curve, 
"it follows thaft the magnetizing current will be unduly 
large. The difficulty is more pronounced on 25-cycle 
systems. . , 

Special or additional equipment is available for 
preventing tripping during the magnetizing transient 
and this precaution is always necessary when high 
speed relays are used. The more common types of 
relays, however, being slower, usually will ride safely 
through the transient; where such relays are em¬ 
ployed the committee believes that the addition of 
the special equipment referred to should be based 
more properly upon the trouble which the user 
encounters. 

!* It is pointed .out also that undesired operation of 
differential relays may occur &t the moment of 
clearing an external fault, originating in the vicinity 
of the transformer. Just befdre the fault is cleared 
the voltage at the transformer may have fallen tg 

5 and immediately afterward will tend to return to 

• • f 
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normal, thus simulating on a smaller scale the condi- r 
tions obtaining at initial magnetization. Experience' 
with trouble arising from this cause having been 
meager, the committee does not feel catted upon to 
suggest measures for # its avoidance. 

A-C Motors * * ** 

• # * 

An analysis of thp replies to the questionnaire 
indicates a general agreement .on, the desirability of 
differential* protection for large a-c motors, r th,e 
ayerage minimum rating at which it should be 
applied being 1,750 hp. *It was the opinion of the 
committee that motors of *2,000 hp and more, with 
a minimum rating of 2,200 volts*,‘should be provided 
with differential protection. 

Overcurrent Protection. *In addition to differential 
protection, temperature relays, either of the replica 
type or operated by embedded coils, are recom¬ 
mended for protection against excessive or pro¬ 
longed overloads. Due to loss of cooling by windage 
the latter will represent more accurately the true 
motor temperature under stalled-rotor conditions. 

For motors of. less than 2,000-hp rating where 
differential protection is not employed inverse time 
overcurrent and instantaneous oynrcurrent protec¬ 
tion is recommended, the instantaneous relay being 
set for currents greater than the stalled-rotor current 
to take care of severe short circuits only. , 

Undervoltage Protection. When undervoltage pro¬ 
tection is* used it should have sufficient time delay to 
enable the motor to coast through temporary dips in 
voltage.. Undervoltage protection is not recom¬ 
mended for motors that start on full voltage since 
•these* -will come up. to speed automatically when" 
normal voftage jp resumed. 

• Phase-Rotation Protection. Relays to guard against 
reversal of phase-rotation are recommended chiefly 
for use at unattended stations and in elevator service. 

Protection Against Unbalanced Phase Currents. 
Dielectric failure results in unbalanced phase currents 
and negative phase-sequence components. This 
condition may be detected by a relay which is 
Actuated either by the unbalanced phase currents 
themselves or by their corresponding negative phase- 
sequence components. . WJien differential protection 
is not possible or practicable these relays frequently 
are used at .unattended stations; but it should be" 
remembered that phase-balancing action will produce 
unbalanced*conditions in sound motors and thus may 
lead .to erroneous tripping of circuit breakers on the 
occasion of an external unbalanced fault. 

Bearings. Temperature protection is recom¬ 
mended for the main bearings of all unattended 
machines*. " ♦ . 

• 'Power Station Essential Auxiliary Motors. 'It is 
important that motors driving essential power station 
auxiliaries not be removed from service §xcept as a 
last resort and then, in the interest of service, their 
isolation should be accomplished as promptly as 
possible. For this reason it is recommended^ that 
such* motors be protected by instantaneous over- 
current relays, set for currents considerably greater 
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•than the staUed-rotor current.. When temperature 
^relays, are used in connection with these motors they 
should be arranged to sound an alarm only. Phase- 
balance relays or negative phase-sequence relays are 
not recommended for'essential motors because of the 
phase-balancing tendency of polyphase motors men¬ 
tioned jn the second preceding paragraph. 

It .is not common practise to ground the neutral 

of the supply source for essential motors, but if for 

any reason such a cpndition Exists, ground relays 

advantageously may be added to the protection. 

« * 

D-C Motors • 

F'uses are considered sufficient protection for small 
d-c motors. For medium and large sizes overcurrent 
and undervoltage protection, usually self-contained 
in the air circuit breaker itself, are recommended. 
■^VTiere the machine is very large, and its service 
correspondingly important, additional refinement in 
the form of temperature protection is desirable. 

parings. m Temperature jjrptection is recom¬ 
mended for the‘main bearings of all unattended ma¬ 
chines. 

Synchronous Converters 

• • *** 

Synchronous converters require protection on both 
the a-c and the d-c sides. On the a-d side inverse¬ 
time overcurrent protection is recommended to trip 
the oil circuit breaker. In addition, when the d-c 
side is grounded and flashover possible, an instan¬ 
taneous flashover relay, connected between the ma¬ 
chine frame and ground, is recommended to discon¬ 
nect both the a-c and d-c sides. If the possibility of 
'flashover'exists, and no flashover relay is provided,* 
it is recommended that the overcurrejit protection on 
the a-c side be instantaneous instead of inverse tima ; 
For the d-c side instantaneous overcurrent protection 
is recommended, and in addition, when the machines 
are operated in parallel, separate reverse current 
protection should be provided to disconnect the 
converter when power flows toward it fronp. the'd-c 
bus. Most synchronous converters are equipped 
with mechanical overspeed devices; these should 
trip the d-c circuit breaker and 4 if the system is 
subject to runaway speeds, the a-c circuit breaker also. 
Additional information will be found! listed in the 
A.I.E.E. Standards No. 26 on Automatic Stations. 

Bearings. Temperature protettiofi is recom- 

* mended for the main bearings of all unattended ma¬ 
chines. 

• • 

Rectifiers * 

♦ 

Rectifiers are almost universally autonpitjc in thdr 
operation. It is believed that recommendations for 
them protection are covered adequately by the tabu-* 
lation given in A.I.E.E. Standards No. 26 on auto¬ 
matic stations. 

* . • . • • ’ • . ' ! ’<• 

„ Bus Protection # ; 

Differential. All failures occurring on important 
buses*, should be promptly isolated. Deferential 
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methods which balance all ^currents entering and 
Reaving the bus are recommended for this purpose. 
In such applications it is important that the ratio 
characteristics of the current transformers* in the 
differential circuit should hold substantially within 
the relay setting at the maximum primary currents 
so that incorrect operation cannot occur on external 4 
faults. With a given core design the higher the’ 
*tra?taformation ratio the more sfcbctfrate is'the ratio 
curve. Desired conditions can be achieved best by 
the use of a single ratio for all current transformers 
taking part in the differential* scheme. If it* is riot 
possible to follow this recommendation and current 
transformers of different ratios are employed, then 
auxiliary current transformers must be used in the 
secondary circuits to equalize the different ratios at 
the balance point. 

It should be noted, however, that when an auxil¬ 
iary transformer is used to increase the ratio pf a 
low-ratio line current transformer, "a double handicap* 
is placed upon the equipment compared to that 
which would result from the use of a single current 
transformer having the same total ration This fol-* 
lows because: (1) In the lower-ratio transformer 
ratio-error begins at,lower .currents; and (2) the 
additional burden imposed by the auxiliary trans¬ 
former also has the effect of increasing the ratio-error 
in the line current transformer. 

Under certain conditions of power feed restraint 
may be used advantageously in the differential relay. 
In general, however, these conditions’do not obtain 
and the effect of restraint if used cannot be predicted 
with any degree of certainty. . • 

• Ground Fault Bus . When the system is grounded 
a ground fault bus may be used, each protective relay 
being operated by a current transformer inserted in 
the common ground connection for it» particular bus 
section. If provision be made for the application of 
this*method during the station design period,* its 
installation does not involve the serious construc¬ 
tional difficulties that may be encountered in .at¬ 
tempting to introduce it in an existing station. . 

Grounding Equipment * 

• 

Grounding Resistors and[ Reactors. - It is recom-* 
mended* that grounding resistors and* reactors be 
protected by overcurrent or '•temperature relays 
.which, after a short delay sufficient to allow _ line 
protection to function, will initiate an alarm to indi¬ 
cate that a ground fault has not been cleared prop¬ 
erly. This procedure is designed to give the 
operator an opportunity to carry out a course of 
Action already decided upon for such condition^. 

Fortunately the trend toward the use of resistors 
having a 2-min ground fault capacity allows reason¬ 
able time for disconnecting the, source of trouble 
without opening or short-circuiting the resistor. 
Should either of these latter courses become neces¬ 
sary, however, it would seem preferable from a pro¬ 
tection standpoint £o maintain the* system ground 
by short-circuiting the resistor, unless this action 
nullifies jytie purpose, such as prevention of telephone 
interference, for which the resistor originally was 
installed. * 
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• Grounding,Transformers. Protection for ground¬ 
ing transformers of either th§ zig-zag or Y-A type # 
should follow, substantially along the lines indicated 
for grounding resistors # and reactors in so far as the 

• effects of sustained external ground faults are con- 

• cemed. 

For protection against internal faults 2 forms of* 
'differential protection may be used. In one of these, 

• 3 differehtially-torsbected overcurrent relays ^re* 
operated jij Y from the A-connected secondaries of 
3 current transformers in the line side of the ground¬ 
ing transformers.’ This is equivalent to differential 
protection on an ordinary transformer at times when 
no load is being carried by the secondary, since in the 
grounding, transformer the secondary A winding 
carries .no external load; it provides protection 

. ag ains t both tum-to-tum short-circuit and internal 

• grounds occurring in the transformer or on the con¬ 
ductors between the transformer and the current 
•transformers. The other method compares the zero 
phase-sequence currents on both sides* of the ground¬ 
ing transformer by means of 3 line current trans- 

•• formers connected in parallel and balanced against a 
current transformer connected in the neutral. Since 
tum-to-tum faults do. not result in zero phase- 
sequence currents this method does not protect 
against such faults but functions on faults to ground 
only. In applying these forms of protection it is 
4 important that the characteristics of the operating 
current transformers be checked up to maximum 
, short-cireuit values. 

► 

Impressions . 

• • 

* In looking over the preceding recommendations 
one cdnnpt fail, to be impressed by the prominent 
place still occupied by the simple overcurrent relay 
in the protection of a wide range of electrical appa¬ 
ratus. Even where it has been supplanted in. the 
first line of defense by more highly selective devices, 
it §till is ^relied upon as a safeguard of last resort. 

». Nor is this surprising when it is remembered that in 
• * any analysis of ’the destructive effect of dielectric 
rupture, the major damage is brought about by the 
thermal or magnetic effects of high currents. This 
» -thought tends to strengthen the belief that the per¬ 
sistence of the overcurrent relay as an important 
protective agent is destined to extend well into the 
future. . . 

' Growing interconnections have brought increasing 
problems to the operating engineer, and his demana 
*• for the rapid isolation of faults has brought similar 
problems to the relay designer. In recent years the 
trend has been toward the attainment of greater* 
•••„./ operating speeds with increased selectivity. How¬ 
ever-, progress in fields other than that of the relay 
r also is to be recorded: Current tsansformers offering 
uniform characteristics Up to • exceptionally high 
; currents are now on the way, and circuit breakers 

• * capable of intermpting these currents in a brief 

periodjof time already have been developed. 

• No discussion on protective methods can be Com¬ 
plete without some reference to the primary position 

4 of the mst^ itself. That improvements have 
snr been effected in apparatus insulation during recent 


years cannot be questioned; but there are quite, 
obvious economic factors limiting the extension of 
the insulation to a point of absolute dependability 
under any and all conditions. Direc# lightning 
strokes still, are to be feared and the dangers from 
them cannot be overtome economically by increased 
insulation. Beydnd the point at whioh greater insu¬ 
lation becomes impracticable the relay always jnust 
find its* place in the. protective ecSnomy of the elec¬ 
trical system. • ’ r - 


• • r 

Safe Harbor-Westport 
23 o-KvT ransmission Line 


9 . 

Designed according to the latest ideas con¬ 
cerning lightning protection, the Safe Har- 
bor-Westport 230-kv line is sarid to be the 
most heavily insulated so far constructed. 
Ground wire protection has been applied 
according to the latest theory, and special 
effort has been made to reduce tower to 
ground resistances. 


EDWIN HANSSON 

ASSOCIATE A.I.E.E. 


Pennsylvania Water and 
Pwr. Co., Baltimore, Md. 
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1 wELIABiLITY of transmission has 
been a matter of foremost importance in thedesign and 
construction of the 230-kv line connecting the Safe , 
Harbor hydroelectric plant with the Westport steam 
station in Baltimore. This has been so not only 
because a large portion of the ultimate capacity 
(510,000 hp) df the Safe Harbor plant will be. avail¬ 
able for Baltimore, but also because during certain*' 
periods Baltimore will be dependent primarily’ upon „ 
Safe Harbor power. 

Selection of high operating voltage was made only 
after ar thorough investigation of (1) the relative eco¬ 
nomics and reliability factors involved, (2) the possi¬ 
bility 'of future interconnections, and (3) system 
stability.* Studies made jointly with engineers of 
.the Consolidated Gas, Electric Light and Ppwer 
Company covered a comparison of 2 230-kv circuits 
With 6 110-kv circuits. These studies included also 
investigation of such problems as termin&l location, 
2-point versus single-point supply, the use or omissibn 

Based upon "Safe Harbor-Westport 230-Ky Tra n smission Lino}.’ (No. 32M16) 
presented «t the A.I.E.B. Middle Eastern District meeting, Baltimore, Md., 

Oct. lOs-13, 1932. .. ..... • :. e ; 
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'of high voltage buses, and amount of synchronous 
"condenser capacity required. An a-c calculating 
board was employed to check the results obtained 
by analytical methods. The decision finally was 
made in favor of the higher voltage as offering lower 
cost, greater Reliability, and greater possibilities for 
interconnection? 

Routi^s of Line m • 

• « ’ 

, Vbltage regulation on the network’in "Baltimore, 
and control of short-circuit currents made advisable 
the delivery of power to each side of the city. As 
shown in Fig. 2, the present line circles, the city and 
enters from the sodfh;* the second line as projected 
will terminate to the east of the city near the site of 
a* future steam station. Routes for the 2 lines di¬ 
verge on leaving the Susquehanna River and are so 
widely separated that the possibility of a lightning 
storm effecting both circuits simultaneously is almost 
non-existent* At present, Westport is the center 
of distribution in Baltimore; therefore, the termina¬ 
tion of the line at this point* called for less additional 
investment in distribution facilities. 

Most of the terrain traversed by the line is rather 
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rninedj and before the actual* surveying of the prop- 
*erty had begun, the route was photographed * from 
the air, and the final route was laid out on a fhosaic 
made to a scale of 1,000 ft *per in Later a profile 
was plotted from the United States Geological Survey 
.map, from which the average span length and»height 
of tower were determined. Final specifications were. 
a so drawn that the designers wer^ n§t limited to any 
particular type of tower as designs submitted by 
manufacturers varied greatly in appearance and 
weight. A final selection was jnade from the yariqps 
designs after a comparison on the basis of towers 
erected in the field. Details of some of the more 
interesting features of the line are given in the para¬ 
graphs that follow. .. • 

Towers 

* 

Originally 3 types of towers were used as a basis % 
for design: type A for straight fine and angles up’ 
to 3°; type fe for angles from 3° to 15°; and type C 
for angles over 15° and for dead ends. Type A was 
modified to meet railroad specifications,.t5ae modified 
form being designated as type E. Later a trans¬ 
position tower was brought out as type D. 

As shown in Figs. 1 mid 3, the towers are of the 
waist line type. (See “Load Test Check Tower De¬ 
signs,” by R. W. Wilbraham, Electrical World , Nov. 
12, 1927.) This design gives the lowest footing re¬ 
actions and by the use of body extensions permits 
variations in the length of leg with a minimum num- 
. ber qf pieces. Sags and .cable tensions were com¬ 
puted on the basis of N.E.L.A. heavy loading. In 
determining tower loadings one broken conductor 
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Fig. 1. A section of the line showing a type A 
tower in the foreground * 


^mgged, and about 23 of the 70 miles is wooded. As 
the country is thickly settled, ‘wire £nd railroad cross- 

* iq.gs are frequent. These include 4 66*kv and 12 
railroad crossings, all of which increased the cost of 
wire stringing. The right-of-way is 150 ft wide* and 
consists of part easements and part fee simple. 

• Actual design and construction of the line were 
preceded of course by the usual preliminary surveys 
and detailed engineering studies. Lightning being 
considered the worst enemy of transmission lines in ’ 
this part of the country, special design features were 
incorporated to minimize troubles from that source; 
these features include increased insulation, 20 10-in. 

* suspension units with 5-in. spacing, and groynd 

wires, installed in accordance with the best design in¬ 
formation available. . ♦ ' 

" After the approximate location had been dfeter- 
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Fig. 3. Details Table I—Allowable Stresses for Tower Design Loadings' 

pension tower Limiting Values of Slenderness Ratio 

----———-«-- 

Main menjbers.*.. 150 

Other compression merffbets. 200 

• Redundant members.250 

e ® 

4 

^.ll^wable Unit Stresses (lb per sq in.) ^ * 


Tension on net section.25,000 

* r L 

CompresSion (gross section).. .i..25,000 — 90 — r 

• Shear on bolts..•.20,000 

Bearing..40,000 


Table II—Tower heights in Pounds 


SCALE 

0 10 ' 20 ' 30 ' 40 ' 


?tt a tension of 10,000 lb was assumed fof “A M towers ; 
.dead end towers were assumed to have 3 broken 
conductorS>ajid 2 broken grdund wires stressed to the 
elastic limit. All fittings are designed for a vertical 
load corresponding to one inch of ice on the conduc¬ 
tors. .Table I gives allowable stresses for design 
loadings. For test purposes all design loads were 
increased 25 per cent. Weights of the towers are 
shown in Table II. 

Phase separation and length of crossarm were de¬ 
termined from the clearance diagram shown in Fig. 4. 
The grdund wires were located so as to give ma xim u m 
protection against a direct lightning stroke. Origi¬ 
nally only 2 transpositions were contemplated. *A 
third, however, was added at the request of another 
utility company. The original transpositions are 
somewhat unusual in that only 2 conductors aj;e 
transposed at each point. This is sufficient to bal¬ 
ance the conductors against each other but does not 
balance them against outside exposures; the trans¬ 
position Requested .by’the other utility was for this 
fatter purpose a^d had to be complete. It was made 
‘ by placing *2 transposition towers consecutively in 
the4ine. 

For all but dead-end towers concrete foundations 
•of i^ie inverted mushroom type are.used; thes # e are 
designed for 100 per cent overload. Thi^ type of 
foundation can be built as cheaply as the grillage 
type; also it makes* possible much closer alinement, 
resulting in a considerable saving in cost of erecting 
towers. Foundations for dead-end towers consist of 
angle iron stubs carried down to the bottom of the 
excavation and set in concrete. The average amount 
of jcopcrete required for line towers'eis 4 cu yd; fof 

dead-end towers 25 cu yd. 

‘ • • • . • . ! . • . / 

' • ‘ 

Conductors and Ground WiRtfs 

/ ...• v . • ■ • '. : 

feefore the final selection was made several types 
r and makes of conductors were investigated, and their 
effects on spacing and height^ of towers studied. 
After comparing the Various designs, a 795,000-cir 
mil A.C.S?R. (aluminum'cablh sted reinforced) con¬ 
ductor was chosen. The most advantageous com¬ 
bination of other metals considered would hate re- 
^ i , 


30-ft extension. 


Std. leg.... 


+2.5-ft leg. 
-j-5-ft leg... 


Anchor material. 


Type A 

Type B 

Type C 

...10,724. 

... 2,941. 

.12,725. 

. 3,275...^... 

.. .23.202 
... 5,761 
...11,792 
...33,320. 

* *189_ 

_ 32ft' .. 

... 568 

145... 

.. 177. 

.* 275. 

..". 478 

.. 343. 

. 607. 


.. 393 . 

. 569...... 

1.. 920* 

.. 678. 

. 944. 


.. 386. 

..... ® 654. 

... 2,018 


quired towers 5 ft higher than those designed for use 
with the conductor selected, would have been con- 
. slderably* higher in cost, and did not offer sufficient 
advantage to offset this difference in cost. Physical 
characteristics of conductors and ground wires are 
shown in Table III. 

• Conductor and ground wire tensions were held r 
low (see Table III) in order to guard against vibra¬ 
tion troubles, lln addition, armor rods were pro¬ 
vided at all suspension clamps. Sags and tensions 
were calculated from actual stress-strain curves as 
determined on tested samples 50 ft in length. Dur¬ 
ing normal conditions, the sag of the'ground wire "is 
5 ft less.than that of the conductor. When loaded 
with 1 / 2 -in. of ice, these wires will parallel the un¬ 
loaded conductors. Sags were adjusted without 

prestretching and are somewhat less now than they 
will be after being* subjected to an ice load. 

No effort was made to secure any special slip 
features tn thS suspension clamps as the J-bolts auto¬ 
matically limit the pressure on the conductor. Ar- r 
mor rods age secured by ovoid clamps which do not- 
present any points or sharp edges to start corofia 
streamers.. Compression type clamps are used for 
all dead-ends. and splices, the steel and aluminum 
being held separately. Dead-end towers are bridged 
by underslung bolted jumpers. 

• Insulators • * 

• Insulators at all suspension points are standard 10- 
in. suspension disks with 5-in. spacing. Suspension 
strings consist of 20 units and are doubled at all 
points where the load exceeds 4,500 lb. Clearances * 
are prpvided for grading rings but noneTis uised at 
the •present time; On all® dead-end towers .double 
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.^strings consisting of 20 lO-in. 25,000-lb strength in- 
♦ sulatQrs with 5 8 /4-in. spacing are used. 


Grounding 


9 

Ground wire protection is ba&d upon a tower foot¬ 
ing resistance* hf 50 ohms or less?. A field check, 
however, showed that footing resistances varied 
from 1 ohm to 40(7 ohms with aq average of 75 ohms; 
only 6 t)f the 351 towers had footing resistances be- 
low.the 50-ohm lir&jt.* # . • , 

* Several different fnethods for reducing the ground 
resistance were investigated and some of them tesfed 
in the field. The methqd finally adopted as being 
mo§t effective employs a 50-ft wire extending out 
radially from each comer of the tower, and buried 
3 fcout 20 ip. below the surface of the ground. Each 
of these wires terminates in a salt treated grounding 
fod. The average resistance to ground of 4 wires 
and rods is 34 ohms. In a few cases the addition of 
these Vires was insufficient to reduce the combined 
resistance to 50 ohms. Adding more wires in such 
casfcs proved rather disappointing, however, as the 
additional reduction amounted to only 10 or 15 per 
cent. 

In order to determine the comparative effective¬ 
ness ©f a longitudinal counterpoise, about 4 1 / 2 miles 
of Vs-in. copperweld wire was buried along*a section 
of fine. As far as low frequency resistance is con¬ 
cerned, this proved less effective than 4 radial wires, 
and is more costly. 


Special Features 


■w 

Bdth the present and the proposed 220-kv lines to 
Baltimore are brought out from the upstream jFhce o$ 
the power house, across the forebay^to a*hill on the 
east shore of the river. This hill vgll be the site &f 
a future high-voltage switching station. On top 


of the hill the lines swing arpund to a river crossing 
^on the downstream sjde of the power house.. The 
distance across the river at this point is 5,725 ft. 
An island situated in mid-stream is used as a tower 
site and the crossing made m 2 spans of 2,880 and < 
^ 2,845 ft, respectively. The hills on either side of the 
’river are at el 500 and 450, while bed rock*on the^ 
island is found at el 170. 

* High water in the river will feafch el 190; hence 
any tower placed on the island must be .set above 
this elevation to protect it against water and ice. 
Accordingly, the tower piers have ’been made hedVy 
enough to withstand the maximum load,expected 
from ice and water. To avoid building 2 sets of such 
piers, it was decided to place both^circqits on one 
tower; this tower is 183 ft high, and’has a spread at 
the base of 75 ft and a crossarm 146 ft long. The 
steel structure is carried down to bed rock where it 
is anchored with 24 2-in. bolts sunk 9 ft in the rock. 
The lower 25 ft of the tower legs are encased in con-* 
crete. The total weight of the tower is 180,000 lb. 

Conductors in the crossing are 803,000 dr mils 
A.C.S.R. strung to a tension of 7,500 ib, and the 
ground wires 286,000 dr mils A.C.S.R*. strung to* a 
tension of 5,650 lb. .Maximum tensions are 17,565 
and 13,380 lb, respectively. • 

The problem of stringing this crossing presented 
some difficulties. The island was too narrow for a 
“reel set up” and therefore the cables had to be pulled, 
from the shore to the island. Motive power was 
furnished by an electric power winch. The river 
bed at this point is full of submerged rocks *so that 
the chbles had to be kept above the.wate* surface 
t© guard them against injuries. The tension required 
to keep the cable from sagging down into the water 
however made it extremely difficult to pull thfe cable 
out. The problem was solved by stinging a 6 / 8 -,in. 
steel messenger cable and trolleying tl^e conductors 
oven on the messenger. * «, 

The line was built during a period of low material 



Fig. 4. Clearance 
diagram for type A 
' * tower 




Table III—Characteristics of Conductors and Ground Wires 



Conductor 

% 

Ground Wires 

• 

SSe A.C.S.R. 


. . 203,200 dr mils 

Per cent steel.. .. 

......39.5 

..71.9 


30x0.1628-in. al. 

16x0.1127-in, al. 

Stranding... 

19x0,0977-in, steel 

19x0.0977-in. steel 

Diameter.. 


v. 0.714 in. » 

Weight per foot#... 

. 1.2341b 

.. 0.6785 lb 

Ultimate strength. 

.37,770 lb 

. ,26,600 lb* 

Elastic limit. 

.27,2501b 

..18,620 lb 

Tension at assumed maximum 

• 

. ,*' - 

load 0/rin. ice, 8-lb 

wind, 

.... 9,060 lb . 

0° F )'.......9 . 


Tension at^50° F... 

..... * 6,175 lb 

... 4,180 lb • 


1 m 
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Fig. 5. (Right) Type D transposition tower 
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JFig. 6! (Left) Double circuit river crossing tower 
. on island just below the Safe Harbor plant 
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prices and-plentiful supply of labor.* The right-of- 
way department kept well ahead of construction so 
that work, when once started, proceeded without* 
delay. .Actual field work began March 1, 1931, and 
the line was turned over *to. the operating department 
December 4, 1931, 9 months and 4 days after the 
work foas initiated. Mechanical equipment kept* 
’the organization small (150 men maximum) and 
helped to* speed up <4he work. • • 

Much ^ been said about the frailty of A.G.S.R. 
and about the precautions needed to protect it 
against damage.* Th$ Safe Harbor-Westport line 
was strung without any special safeguards, yet it 
stands completed with only 3 repair sleeves, 2 of 
which could have been left off. In addition tq these, 
about 150 ft of cable had to be cut out because of 
damage when a conductor jammed in a roller block 
which had not been closed properly.. 


• • * * 

Pulp Insulation 

(or Telephone Cables 


•' • 

Ajjer some 40 years of service spirally 
wrapped paper insulation is rapidly being 
displaced for interoffice and subscriber loop 
cables, by* * pulp insulation applied di¬ 
rectly t6 (he conductor by a process which 
brings the paper mill into the cable plant, 
and combines the paper making and in¬ 
sulating operations into one process with 
the elimination of a number of costly inter¬ 
mediate steps. In addition, this process 
makes possible the use of a less expensive 
material as an insulating medium. . • 


paper-making equipment. ‘ This equipment is not, 
critical to the kind of pulp used but for the purposes, 
of durability, strength, and economy a Kraft wood 
pulp has been used in telephone cables. JThe process 
has progressed through the development stage and 
is now in continuous operation in the commercial 
production of all*the principal exchange area cables 
of 24 and 26 A.W.G. conductors used in the Bell 
system*. (Fig. 2.) . Thousands Of miles of lead- 
encased pulp insulalod cables, ranging in size from 
the smallest consisting of 11 pairs' to the largest .con¬ 
sisting of 1,818 pairs, are now giving satisfactory 
sdtvice and because of *the substantial economies 
which the construction promises for the finer wire 
cables* attention is bding directed toward its possible 
application to larger gage cable conductors and to 
its use as an insulating medium for other electrical 
circuits. • 

For many years* Conductors for lead-sheathed 
telephone cables were insulated by helically wound 
strips of paper made from a stock composed 1 of all 
old rope, or old rope and a small admixture of cot¬ 
ton. In an effort to find a suitable lfess expensive 
fiber, however, a formula composed of about 40 * 
per cent chemical wood pulp and the remainder rope , 
stock was adopted in 1920 for the larger sizes of 
paper only. This wood fiber is of «tj^e spruce or other w 
coniferous tree species prepared ’by the sulfate or 
Kraft process. Extensive tests have demonstrated 
that it compares favorably in stability and perma¬ 
nence with the well-established manila fiber. In the 
case of the newly developed pulp insulated cable, the 
raw material used Is 100 per cent Kraft wood fiber. 

Work was initiated in 1921 to determine the 
possibilities of producing a continuous homogeneous 
(papef covering directly on the wire. Preliminary * 
tests were? sufficiently interesting to r warrant pro- 
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. ,... INSULATED wire of a type consider¬ 
ably ^cheaper than paper ribbon insulation has been 
developed. The insulation is Jformed from paper 
pulp directly on the conductor J>y a special type of 

SSrSa Cables” (No. 32-l 2 iy present ed at 

B ^ 4iddI * THstrici meeting, Baltimore, Md.,October^.0-i;}, 
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Fig. ^1, Wire supply and pulp preparation equipment 

. • , ' 

qpeding further wjth the project. A 10-wire ma¬ 
chine was Started up in 1924, with very indifferent 
success, but succeeding developments in technique 
and improvements in equipment resulted in a prod¬ 
uct so satisfactory that the machine was expanded 
to a 50-wire capacity and put in operation early in 
1928. In 1931, 10 more wires were added. The 
product was cabled into 26 and 24 A.W.G. cables on- 
standard cabling equipment with no ma^’or difficul¬ 
ties^ ahd installed in commercial telephone plant by 





• Fig. 2. General view of ffulp in- 
, sulating equipment. The take-up* 
and dryer are shown in the left 
foreground;* the polishers and wet 
machine in the right center; and 
the wire supply and pulp prepara¬ 
tion equipment fa the right back¬ 
ground , 

\ 
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the operating companies. No serious operating 
•trouble has developed in any of this cable. • 

The pulp insulated wire capacity* now at the 
Hawthorne and Kearny plants is approximately 
225,000,000* conductor feet per week and all 24 and 
26* A.W.G. ^exchange area cables are being manu- 
, facturejjl from'pulp insulated wire. 

* Process of Manufacture 

« * 

jkr • 

The insulating material which is to be placed 
on the wire is given practically the sfime treatment 
in a beater as it would receive in paper making, but 
without the addition of sizing or loading. The 
beaten pulp is stored in a large tank from .which it is 
pumped to a mix box for dilution with water before' 
passing to the screen where coarse particles and lumps 
are removed. (Fig. 1.) * 

For the next operation a modified paper machine of 
the cylinder-type is used. The mixture <pf £tilp anti 
water is fed into the cylinder vat by* gravity from the 
screen. The cylinder mold itself iS divided into ^0 
narrow uniform sections by dams or deckles on the 
surface of the wire, cloth covering. The bare con¬ 
ductors comipg to the machine are guided so that one 
conductor passes abound the mold in each of the sec¬ 
tions. As the mold is rotafed in the water suspension 
of pulp in the vat, a narrow continuous sheet of paper 
* with, a conductor embedded in it is formed in each 
section by the simple paper making process of 
, straining the fibers fromThe suspension as the water 
flows through the fine we cloth covering the mold, 

• “•under the slight head maintained outside the mold. 

These sheets are transferred from the mold to a 

* woolen felt by the pressure of a couch roil and carried 
* by it through 2 presses which take out a considerable 

... part of the water and leave the material. ip shape 
to be turned down to the final fomt. This is done 

. ' • . 


Table I—Approximate Fiber Concentrations 



Step in Manufacture Per Cent Step in Manufacture Per Cent 


by passing the conductors embedded in the narrow * 
sheets through ’individual polishers which turn the * 
wet sheet down into a uniform^ covering of a? siz$ 
determined .to a large extent by the amount of pulp 
deposited in the sheet. These polishers are simply 
rapidly rotating heads, carrying 3 specially shaped . 
blades so arrafiged that*l blade deflects l5ie # tr£veling 
wire and sheet from a straight line against the other 
2, with a pressure controlled by the tension on the 
wire. • 

The wet cylindrical insulation is then cttied to* 
about a 9 per cent moisture content by a single pas¬ 
sage through a horizontal electric furnace 26 ft long,* 
the wet end of which is maintained af a temperature • 
of about 1,500 deg F and the dry qr tempering end at* 
something under 800 deg, F. The wires are carried •* 
through the drier by a rotary pulling mechanism 
designed to minimize the crushing or flattening of the 
dried insulation. This device delivers the finished 
product to the take-ups for spooling. m The machine 
•is operated at about 130 ft per min. * • • 

Considerable amounts of water are used in the 
process, for in this, as in all paper making proc€s£es, 
water acts not only as a carrier for the fibers, but it 
forms some sort of a loose chemical or mechanical 
combination with them in the b’eatai* an.d is one of the, * * 
principal factors in determining the’final* character- * 
istics of the material The approximate fiber con- t 
centrations at the various steps of manufacture are 
giv«n ip Table I. *• • • * * 

In theory .the whole process is remarkably simple, 
but from the practical standpoint many intricate 
problems had to be solved before satisfactory opera- 
•tion was possible. Means, for example, had to be 
worked out for shifting from an empty spool of wire # * 
to a full one without shutdown or break in conductor 
, or insulation. , Also methods of restringing broken 
wires with tlfe machine in operation had* to be 
developed. Continuous 6-day week operation now • 
is possible without shutdowns except for the* mid- # 
week clean-up. The satisfactory working out of 
many other details also was necessary to secure the 
present smoothness of operation. 


Beater,. .. 

. Storages.,.................. 

Screen,...,.,.......... 

* . 


December 1932 

# _ ■»* 


Cylinder vat,.... 0.05 

Polishers...!..............,.*28 

Completed insulation.. 91 

Finished cable..-......... *.100 


Physical Characteristics* 

* , * 

The’physical characteristics of pulp*’insulation, 
• sonje of which are shown in Table II, may be modified 
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.somewhat by,choice of* materials and methods of 
manufacture, but they cannot be controlled entirely. 
The cojnments which follow cover only the sizes 
which have been run almost exclusively to date, 
gamely 24 and* 2,6‘A.W.G. wire, but it should be 

# noted that wires ranging in size from 19 to 28 A.W.G. 
have befin covered successfully. 

• The physical characteristics shown in Table II are 

• controlled by the beaming of the pulp, the amount of 
pulp fed to the machine, the dryness of the sheet in 

• • • • 

Table II—Some Physical Characteristics of Pulp Insulation 


Characteristic 


Range of Values Obtainable 


Diameter of insulated wire—inches.0.030 to 0.050 for 24 A.W.G. 

0.026 to 0.040 for 26 A.W.G. 

Weight of dry pulp—grams per foot.0.045 to 0.12 for 24 A.W.G. 

i 0.040 to 0*095 for 26 A.W.G. 

Density—ratio of fiber to total volume.35% to 65%—independent of gage 


of conductors were stranded together jn the usual 
manner of concentric layers each reversed in direc- 
# tion, the unit thus formed was considerably" less 
flexible than the standard construction. This is 
apparently caused by the greater frietiona?resistance 
between layers, thus*causing sharp kinks for even 
•moderate bends. •While this featm^e/is less pro¬ 
nounced for small cables, it is, of course, objectionable 
• and an'improvement in the handling qualities is 
effected by stranding* several layers in the same di¬ 
rection rather .than employing the singlef reverse 
layer construction. * 

For the large size cable, a # design whereby the pairs 
are first grouped into units of 51 or 101, ail the pairs 
in these units* being stranded in.tjie same direction 
and the units then stranded together into a cable, 
gives a construction which seem§ to offer the most 
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the polishers, and the speed of drying. The tensile 
strength andflexibiHty of the insulationcan be varied 
through Tyia< £‘limits by different treatments during 
manufacture. The eloflgation is quite comparable 
to that qf ordinary papEt and is not susceptible of 
much variation. The insulation is made sufficiently * 

’strong hnd flexible to withstand the various opera- , # 

tions incident to cable fabrication and subsequent 
handling yet not so tough that it cannot be readily re- Fig. 3. Sec- 
moved from th^ wire at the point of splicing. tion of 1,818- 

• The surface of tjie insulation has a rather rough pain 26 A.W. 
blotting paper appearance, though some variation is G. c a b be 
possible by changes in the beating. The cross- showino units 
section is circular with the conductor in the center in scpara t cc j * 
the ideal case, but because of limitations imposed by p « 
practical operatic^ considerations there is a tendency * ** , 

toward some 1 Eccentricity and flattening of the* satisfactory 
insulation. • i «3h 9-r»Qir 
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towara some- eccentricity and nattenmg ol the- satisfactory arrangement. Thus, for example, a 
insulation. * . 1^12-pair cable is made up of 12 units of 101 pairs 

• each, arrange^ with 4 units in the center and 8 in a 

Design of^Pulp Insulated Cables surrounding layer, and an 1,818-pair cable is laid up 

_• v , .*• . with 2 units in the center surrounded fey 6 units in 

. .Telephone cabto circuits are normally subjected to the first layer and 10 units in the second layer. A 
only a low dielectric stress; this permits their being short section of 1,818-pair 26 A.W.G. cable with 
placed m close proximity to one another. Thus the the units separated is shown in Fig. 3. One might 
primary refinement of the insulation is that it be expect these rather large units would not group 
distoiKted m.a tiun layer of uniform application, themselves together into a circular shape without 
*vnth the wire well centered so that each conductor poor utilization* of the spacq they occupy but it has 
when packed_into arable is completely insulated been found that by properly constructing the in- 
from its neighbors throughout its length. The mean ’dividual units.an* by suitable arrangement of the" 
rl"'thickness of the pulp insulation for the 26* cable layup, a cross-section is obtained with* the 
A;-W.G. wire is less than (hOl m., and for 24 A.W.G. groups keystbning together nicely and presenting no* 
wire is about 0.011 in. The pulp is prepared and noticeable voids. 

applied to the conductor in such a manner that the • The cable'core must also have a certain firmness or 


msuiated wire must receive and jet be as Hght as -stalled. With ribbon paper insulation the ratio of 
possible in weight per unit volumq m order to obtain the* amount of insulation to the non-copper space in a 
the best eledtrical characteristics. cable was found to be a fairly good criterion of the 

* insulated wire is structurally more like textile firmness required. With the fundamentally different 
rnsula- e wire an spaced paper ribbon insulated physical characteristics of the pulp insulated wire 

this relationship was altered and experimental trials 
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*some latitudie here in the distribution of a given 
' amount of fiber but taking into account both the , 
mechanical and electrical requirements, the diameter 
for the insulated conductor finally selected as the 
most satisfactory for the series of standard cables 
of 24 A.W.G ; was 0.041 in. and*for 26 A.W.G., 0.033 # 
in.; apd the*’aim in manufacture is to produce an 
insulation as uniformly close to these dimensions as 
possible. These "diameters are, measured by a vol- * 
ume displacement method. Short samples, as repre¬ 
sentative as possible of the wire under consideration, 
are inserted for a given distance into a small bore 
tube of mercury and the /displacement noted, 'fhe 
gage is calibrated so that mean diameters are read 
directly on the scale. . 

’ The above specific sizes of pulp insulated conduc¬ 
tors apply only to cables designed for a particular set 
of characteristics. As in the case of ribbon paper 
"cables, the amount of insulation for a given gage of 
conductor may be varied within reasonable limits, so 
as to’produce cables of other characteristics. 

Electrical Characteristics * 

* <* 

* it was reasoned that pulp insulated cables would 
„ probably be inherently higher in mutual capacitance 
than%similar sieeS of paper ribbon cables because, 
considering the insulated wire itself, in tfie case 6f 
helically applied strip insulation the* volume of air 
beneath the paper is about equal to the volume of the 
paper itself, while for pulp insulation there is very 
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that has been made in reduping the mutual capaci- * 
tance’of 24 A.W.G. gable since early in 1928. Al¬ 
though a substantial improvement has been made in 
lowering the mutual capacitance to within less than 
4 per cent of the corresponding ribbon paper cable, a * 
further reduction would have considerable value, - 
warranting more effort in that direction. For* 26^ 
A.W.G. cable the'excess in capacitance is even less 
thin for 24 A.W.G., and furthermore, it is’not so ob¬ 
jectionable from a transmission standpoint as in the 
case of the larger gage. 

The principal factors whieh halve brought abbut 
this reduction in capacitance are improvements in the 
treatment of the pulp itself, refinements in ma¬ 
chinery operation to permit the use of a loyver density 
covering on the wire, the more rapid drying qut of the 
moisture from the pulp resulting in less shrinkage of 
the insulation on the conductors, and the producing , 
of more nearly round and better centered insulation. 
Of these factors perhaps the one having the greatest 
effect on lowering the mutual capacitance was that 
of improving the out-of-roundness of the insulated 
conductors. In studying this phase of Jche problem, 
advantage was taken of the .^effect of flatness of fhe 
insulation on the component parts which make up 
the mutual capacitance. The mutual capacitance 
of a pair of wires is composed of the direct capacitance. 
between the 2 wires augmented by a series arrange¬ 
ment of 2 other direct capacitances, one from each, 
of the 2 wires to the grounded group consisting of all 
other wires and sheath. As 2 wires With oval shape* 
insulation are twisted, there is a decided tendency for 
2 fiat sides to stay togetfier resulting, in the average 
separation of wire and mate being less than where 
circular sections are involved. To determine ac¬ 
curately the degree of out-of-roundpess representing 
.the average condition throughout a lQpgth of cablg by 
'mechanical means is next to impossible, whereas Hje 
direct capacitance between wire and mate auto¬ 
matically integrates this condition. Measurements 
therefore are made of the component* direct capaci- 
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Fig. 4. Curve showing impressment* in mutual 
capacitance since early 1928 

The percentage is that by which the capacitance of 94 A.W.G. 
’ pulp insulated cables exceeds that of ribbon irftulated cable 


little air space between the insulation and the* wire. 
This fundamental difference could, be somewhat 
.compensated for, however, by the introduction of 
more air into the spaces betweenihe fibers of the pulp ( 
insulating medium than is found in the f>aper ribbon 
itself, but it was not expected that jit would entirely 
neutralize the effect of lack of air space next to the 
wire. It was appreciated, however, that the aim 
should be*to get as low density insulation as possible 
still consistent with obtaining a continuous, flexible, 
and strong covering on'the wire, anil emphasis*was 
plac’ed or? this phase from the start of the develop¬ 
ment. In Fig. 4 is’shqwn graphically the progress 



* Fig. 5. Cuwe showing mutual capacitance versus 

direct capacitance to ground divided by direct 

capacitance to mate , 

* ' 

tances and their ratio used as a sensitive indicator 
of the effect of flatness of the insulation on the mutual, 
capacitance. By losing the ratio of’capacitances the 
cable length error is eliminated and accurate deter¬ 
mination can readily be ’made on short ‘lengths of 
cable. In Fig. 5 and Table III are given data which 
*werfe obtained on 4 short lengths of pulp insulated 
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cables which" so far as*was known differed only as 
regards the lack of symmetry of the insulation* • 

The" a-c mutual conductance follows the trend of 
the capacitance, resulting in the ratio of conductance 
• to capacitance dt a frequency of 900 cycles per sec 

• being gomewhat higher than the standard ribbon, 
.paper cable, but not of a magnitude such as to intro¬ 
duce any, serious transmission loss for these fine 

• gage circuits. The &-c insulation resistance is of the * 
same order «as that of strip paper cables. 

The dielectric strength of the insulation is ample, 
being somewhat higher on the average than that of 
similar strip paper cables. A rather extensive series 
of mechanical tests comparing pulp and ribbon types 
of insulated cable under controlled conditions simu¬ 
lating those met with in actual installation, showed 

• that the pulp insulated cables remained superior to 

• the ribbon cables as regards dielectric strength but 
that, under extreme loads they would not withstand 
quite as much strdteh as the ribbon insulated cable 
Without mechanical damage to the insulation. ’ 

• • 

Installation Features * • 

• 

No new features are* involved in installing pulp 
insulated cable except in .the splicing of the con- 

* ductors after the lengths as supplied from the factory 
have been placed in position in the plant. This 

* operation, however, is a considerable factor in the 
total time of the installation procedure because in a not 

* unusual fun of a mile of an 1,818-pair cable, there may 
be as rnkny as 40,000 joints to be made involving the . 
stripping of twice that number of ends of insulated 
wire preparatory*to joining the copper conductors. • 

Immediately upon removing the lead sheath from 
the ends of the cables thus exposing the dry insulation 
to-the atmosphere, absorption of moisture rapidly 
takes place. • It is customary therefore to boil out 
the «ends of cable with paraffin wax before starting 
the splicing operation. With strip insulation this 

wax also aids in preventing the insulation from un- 

‘ • * . • •' • • 

: — y \ . •- .*• ' ■ 

Tafcle III—Capacity Measurements Indicating Symmetry 


point of splicing. At an atmospheric temperature of"' 
about 75 deg F no oil is required and below 10 deg F r 
about half oil and half wax makes a suitable com¬ 
pound with proportionate amounts of oM for inter¬ 
mediate temperatures. In Fig. 6 is shown the 
stripping characteristics of typical pulp, insulation on 
a few inches of 24 A.W.G. conducted impregnated 
with Compounds of different propprtions of paraffin 
wax and oil. . 

In starting to mal& a splice, the insulated con¬ 
ductors are brought together in proper position; 
given a sharp crossover, the wires cut off so as to give 
several inches of free end> the insulation broken at 
the crossover^ and thqpi stripped off the ends. . Thus 
the ideal insulation is one which when waxed can 
readily be parted at the cfossover and when broken 



Fig. Curve showing effect of atmospheric tem¬ 
perature on pull required to strip insulation im¬ 
pregnated with various wax and oil r mixtures 


• . • 

Will slip freely along the wire, yet will withstand 
considerable lending and folding at other places in 
the splice without breaking. Pulp insulation tends 
to cling to the conductor somewhat*more than a 
paper tube of strip insulation and although there is 
considerable variation in this characteristic in the 


Mutual Capacitance vs. ^t Capacrtance to Ground 
. ™ ' Direct Capacitance to Mate # 


Average Value in p/«f. 


Sample 


Mutual 


Du 


Da 


Do/Du 

-e 


2 .... 

3:.v, 

4...« 


.250.,..., 

.233...... 

-206...... 


.....187....... 

,,...144...... 


.,..126....... 

,. ... . 10 }. 


... 201 . 

E»7. 


,. 221 ., 


,....1.07 

.1.42 

... •. 1.66 

,.... 2.10 


furling, It was found that even the most flexible # 
pulp insulation so /ar produced,*when impregnated * 
with Unmodified paraffin, would not withstand 
satisfactorily the handling incident to splicing at low 
‘ temperatures. A softer and more lubricating type 
of compound is ’required and a jautable combination 
has been, found by adding paraffin oil to the paraffin 
wax. Different .proportibns t)f * oil and ^ax are 
used depending upon the temperature at the time of 
installation, and the’compounding done at the 

. ’ . ' . ■ re ' 




product as now manufactured, it is sufficiently under 
control so that with a small amount of experience a 
splicer applying his usual technique is able to handle 
even 26 A.W.G. wire with little breaking of the con¬ 
ductors. ‘There is, of course, with pulp no raveling 
of the insulation *and the cotton sleeves which are' 
used to insylate the joint, slip over the ends of the 
wires rather more readily than for the spirally applied, 
paper. Thus the over-all time required for joining a 
given Humber of pairs is practically the same for the 
2 types of insulation. 

•An iffibleached pulp is used and the natural brown¬ 
ish color of the Kraft stock results in less sharp coles' 
•distinction for the different groupings of pairs than 
where ribbon insulation is used. However, by sim¬ 
plifying the color code so as to require only red, 
blue, and green, besides the natural color; sufficient 
contrast in the.shades is obtained so that there is no 
.difficulty in distinguishing colors in the splicing 
.operation. . 

Preliminary cost figures indicated that this process* 
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"offered the possibility of a considerable saving over 
the ribbon process. These predictions have been 
verified by actual machine operation extending over a 
period of more than 3 years. The savings are made 
possible by the low cost of Kr|ft pulp as compared 
with manila p # aper and by the elimination of the inter¬ 
mediate papef making, paper slitting, and handling 
operations. „ . " 
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Dynamic! Braking of 

• * 

Synchronous Machines 

* 

* Accurate «and practical formulas for deter¬ 
mining the number of revolutions and time 
' * required to stop a synchronous machine by 
glynamic broking are presented in this 
article/ thus* enabling the prediction of 
dynamic braking performance ccftnparable 


' » m 
the windage, friction, coppes and core? losses of the 

* motor, and the friction of the rolls. Generally, 

unless the rolls are loaded, the amount of Energy 

dissipated in them is negligible, .being* of the same 

order of magnitude as their stored* kinetic energy. * 

, The neglect of both these factors is therefore»a com- * 

pensating error. The other means of energy dissipa-, 

tion are functions 6f the method used. 

In plugging, the phase rotation of the supply 
voltage is reversed, the performance »then being 
similar to that during starting except that th$ mojor 
slip varies from two to one instead of from one to 
zero. At the time the speed becomes zero, the power 
must be removed to prevent a reversal of rotation. 
This method of phase reversal is subject, to several 
outstanding objections, the most prominent of 
which are: • 

• + 

1. Unless the power supply is large, the system disturbance result¬ 
ing from the switching operations may be very tlndesirable. • 

• .• 

2. The torque developed for a usual motor is small, thus limiting 

the rate at whfch the system can be stopped unless a specially 
designed amortisseur winding is used. This special design of 
amortisseur winding, beneficial to stopping, frequently is detri* > 
mental to other machine characteristics. ** m * • 

3. If reversal is to be prevented, ttfe power supply must be con¬ 
trolled accurately so that it juay be removed at the instant the motor 
reaches zero speed. This introduces complications in the control 

circuits which can be avoided by other stopping methods. • 

• 

In dynamic braking the armature is short-circuited 
through an external resistor and field excitation is. 


with that of other machine characteristics. 
The method is new to the extent that it 
treats variable speed short circuits. •’ 


By 

C. E. KILBOURNE 
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■ROTATION of synchronous ma¬ 
chines frequently must be stopped a$ quickly as 
possible. The electrical methods of accomplishing 
this are plugging and dynamic braking. Plugging 
consists of reversing the phase rotatioif of the voltage 
* applied to the armature winding. ♦Dynamic braking 
consists of short-circuiting the armature through 
,an external resistor and maintaining fielcl excitation. 
Following a comparison of these 2 methods,, the 
results of an analytical treatment of dynamic 
braking are given. . 

Independent of the type of ♦braking used, the 
stored energy in the rotating system nftiSt be. con¬ 
verted into some other form, usuallyjbeat. Analyses, 
of a number of particular applications of synchronous 
motors to steel and rubber mills, where quick stops 
are necessary, have shown that practically qll of the 
stored energy in such systems is in the motor rotor. 
The normal means of dissipation of this energy»are 

. • ■ _ • • - - _—_ ' • , . .. — •- ■ • • - 

Full text o?"Pynamic Braking of Synchronous Machines” (No. 32-67} presented 
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Fig. 1. A typical application where rapid braking 
is necessary 


maintained. The operation is that of a generator 
"short-circuited through an external resistor.. The 
theory of such operation from the standpoint of 
. constant speed has been treated thoroughly in 
previous publications. The dynamic braking cycle 
differs from these treatments in that as the rotational 
energy of the system is dissipated, the speed of the 
machine decreases. The rate of this dissipation 
depends greatly upon the resistance‘used, *as will be 
shown. 

In order to present 3, comparison of the ^ methods, 
Jabie I has been prepared showing the number of 
revolutions made before stopping and the time in 





seconds required for e%ch of the 2 methods. The 
figures acre based on an average 1,000-hp tinity- , 
power-factor, .mill-type motor: They represent cal¬ 
culated results baSed oq .the theory which follows. 

* % 

Analytical Relations . 

• 

To determine the relations duriilg the braking c^cle 
an expression for'th^instantaneous armature current * 
is obtained* from the vector diagram of a suddenly 
short-circuited generator with known speed decrease. 
Tfie instantaneous torque in synchronous kilowatts 
is obtained from the armature current and effective 
circuit resistance. This is equated to the rate of 
change of. kinetic energy due to speed reduction. 
There results a differential equation which when 
solved gives the speed-time curve in terms of the 
machine constants. Experience has shown that 
there are 2 satisfactory methods of solving this 
•equation. The fifet, based upon the. assumption of 
Constant effective excitation, gives an ‘equation for 
the speedrtime curve as follows: 

t = (i -•»*)•- r 2 log n + 


7? = N ° H 
• 30e/ 2 r 


where 


{-+‘)’' x • ■ 

('.-£-*?)} <*> 


Rt = total revolutions to stop. *• r ‘ 

The optimum value of resistance to be used in 6rder 
that the revolutions £o stop are a minimum, con¬ 
sidering all of the machine quantities to remain 
constant, ih obtained by differentiating R, with 
respect to r and neglecting the less significant terms. 
This value is: • * 


n = 


VT 


where 


r l(^l iYloe Zlll+JL 2 
2 \x, j S *. 2 + r i . 


r r- 

The second method of* solution is.based upon 
variable ‘excitation with an assumption regarding 
the manner of variation. Analysis of a number of 
oscillograms taken during the dynamic braking cycle 
has shown that the field current can b£ represented 
very closely by a single exponential ♦fo'hn, the time 
constant however beingf shorter .than that of the 
field under short-circuited armature conditions. 


W r* 

"[able I—Revolutions and Tifte* to Stop * 


* t = time in seconds 

H — stored kinetic energy in kw-sec per unit normal kva 
t j — excitation behind transient reactance at the instant of 
1 applying the ^hort circuit 

r — total internal and external armature resistance 
Xd => direct axis .transient reactance * 

n = per unit speed, 

x 9 = quadrature axis synchronous reactance. 

• 

The* number of revolutions made by the machine 
upon reaching, a given speed is then obtained by 
changing the variable in the speed-time equation 
and,integrating. This is: 

R ‘: Sf ! <‘-»)+f (i-«*)- 

• ' . • / 2 (£ - J ) ! [ (1 - B) - 

• . *.• *.( tan_1 ^ _tan " I T ! )]}. (2) 


Motor. Speed 
r.p.m. 


1 , 200 ...... 

600. 


Plugging 


Dynamic braking 


300.. .. 

150.. “. 


..15.60* 
.. 5.50.. 
..'2.90.. 
.. 1.65.. 
.. 1 . 02 .. 


Time (Sec) Rev. 


...1.72. 

... 1 . 21 . 

...1.28. 

...1.45. 

...1.87. 


Tima (Sec) 


..0.08 
..0.96 
..1.06 
.. 1<- 24 
..1.56 


Using this assumption there results a relation be¬ 
tween the machine quantities, speed and time, as 
follows: • 


2E >(h - f) „ 


where* 

•• - 

R » total revolutions up to any time 

No ■ = revolutions per minute at synchronous speed. 


k - ?) 


(J iat - 4) = 


(i _ n y _ 


The total revolutions made to stop are found b£ 
placing correct boundary conditions in the above 
equation, and solving. Tire result is: 


where 


■o i r 2 C%d * , V i n \ 2 + r 2 ) * / v 

lo S^f+7r\.^X 


Ef = volts, field 

r =» field ohmic resistance 

• • 
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Fig. 3. (Left) Current end speed 
characteristics during the braking 
cycle shown in Tig. 2 

Curve A —per-unit current vs. per-unit 
speed 
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where i n is per-unit armaturencurrent at 

* per-unit speed 

Curve B —per-unit speed vs. time. (See 
eq. 1} 

• Test points indicated by small circles 

Fig. 4. (Right) Effect of external 
resistance on stopping revolutions 

Curv* A —600-hp, 12-pole, 600-rpm, 
0.8-power factor motor 
Curves B —500-hp, 40-pole, 180-rpm, 
0.8-power factor motor 
Testcurves in full lines 
Calculated, curves in broken lines. 

’ (See eq 3) 
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Ib ~ field amperes after disconnecting from line 
a.\ — apparent decrement factor of field decay 
I/o — amperes field to produce norflaal* open circuit ter minal 
vqltage on air-gap line * 

Xa — direct axis synchronous reactance. 

• • • 

The left hand side of the equation has only time 
* functions, and tjyy right hand side has only speed 
functions. . Being of transcendental character, no' 
explicit solution is available, but the desired result 
may be obtained by plotting the 2 sides of the equa¬ 
tion and finding the time and corresponding speed 
for which they are equal. 

Discussion of Results • . 

- The theoretical results are based on the pg;dhiise« 
that saturation may be neglected, but theft: applica¬ 
tion to a practical machine must include saturation 
effects in the determination of the initial conditions* 
and in the determination of the instantaneous 
excitation. This is evident, because regardless of the 
initial terminal voltage applied, and the initial field 
current, there is some point djiring the speed decrease 
at which normal flux is reached. As the machine 
passes this point, saturation plays an increasingly 
greater part in the effective excitation. Since tins 
excitation enters the determinatioft of the stopping 
revolutions as the square, its accurate calculation is 
imperative. Satisfactory results would not? be pos¬ 
sible* in many practical applications iF saturation 
„were ofnitted. 

. The assumption of constant effective excitation 
will embrace a large majority of applications, in fact 
will be sufficiently accurate for most calculations. 

. In the case of a braking cycle being initiated with 
the machine under load, it is interesting to note that 
the revolutions to stop, due to the rate ol Electrical 
energy dissipation will usually be greater than would 
occur under initial no-load conditions. The presence 
of the shaft load, if it continues, will of course aid in* 
the stopping and bring the machine to rest, sooner 
than the no-load condition in spite of the fact that 
"the rate of electrical energy dissipation*^ less. • 

The effect of corrective power factor is to increase 
the effective excitatiofi %nd consequently improve 


the stopping cycle. If, however, the power factor 
necessitates a larger diameter machine than fcould* 
otherwise be us*ed, the increased mechsBuical energy 
storage may more than offset the gain obtained from 
a greater rate of dissipation. The proper propor¬ 
tioning of a particular machine depends upon these 2 
factors, and to obtain good results a careful balance 
must be found. 

Comparison Between *. * 

Test and Calculated Results . . 

* « •* 

Jfn Fig. 2 is shown an oscillogram, of* the relations 

during the dynamic braking of a 500-hp, 40-pole 1 ; 

180-rpm, 0.8-power factor synchronous motor Whose 

constants are: * * 

. • : 

Xd = 1.45 Xq = 1.02*/ = 0.65 a/ = 1.34 No =*180 • 

H "=.stored energy per kva = 0.493 second ^ .. 

r = total per-unit armature resistance = 0.53 # * 

In Fig. 3 is shown a comparison between* test and 
calculated current-speed and spefed-ftme curves from, 
the oscillogram of Fig. 2. The agreement* between 
the curves is quite satisfactory. Fig. 4 shows 4est 
and calculated revolutions to stop vs* per-unit 
armature resistance on 2 synchronous-motors, pne 
of which*is the one given previously and the‘other 
is a 600-hp, 12-pole, 600-rpm? 0;8-pow<gr factor, 
machine whose constants are: * 

x? = 0.89 xq = 0.52 Xd* — 0.22 ej = 1.27 
H = 0.762 No = 600 • 

<% 

The general shapes of the» test and calculated curves 
5re similar although there is a fairly constant dif¬ 
ference between the curves on the 12-pole motor.* 

Of particular interest is the fact that tlie agreement 
between test and calculated valuer at the optimum 
. resistance is quite good. This is true of the revolu¬ 
tions to Stop as well as the current-speed and speed- 
time curves. As the resistance is increased or 
decreased with respect to the optimum* the agreement 
is less satisfactory. The miffimum revolutions as 
.determined by the equatioft for r 0 are 2.45 for the 
12-pale motor and T22 for the 40-pole motor. The 
test carves give^espectively, 2.42 and 1.20. 


December 1932 


. ft 



• • %. 



f * 




Economic 'Aspects 
of Water Power 


Among developments of the past decade * 
that * have enhanced the usefulness of 
hydroelectric power are the present large 
size of electric utility systems/ the peaked 
nature of th?ir loads, advances in long 
distance /power transmission/ and various 
improvements in the design and construc¬ 
tion of hydroelectric plants. In this article 
the value*of # water power is analyzed in 
terms of the 2 main components of the 
cost of steam power—capacity and energy. 
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■CURING THE PAST DECADE, 
water jjpwer in all those regions of the North Ameri- * 
can Continent where it is employed in conjunction 
faith thermal sources of power has undergone a 
gradual but pronounced change in its economic 
relationship.^ Steam power. Two main components 
^make up the*economic value of water power—capacity 
*an$ energy.* The capacity value of hydroelectric 
plants, that is the cost of procuring equivalent ca¬ 
pacity service by other sources of power, so far has not 
been affected measurably by advances in the art of 

• Constructing ttfStmal plants; but the energy value or 

• the^cost of producing energy by other means has 
been reduced greatly in recent years. 

„ This downward trend in energy value may be 
trated chiefly to 2 causes: improvements in thermal 
economy and the declining price of fuel; and in a 

• minor way only tp miscellaneous causes such as 
reduction in maintenance cost and.operating labor 
due to improvements in design, and concentration ®f 
large capacity in comparatively few units. There 

■- is.some well warranted expectation*that the future 
trend of average fuel prices will be decidedly upward* 
btft probably not sufficient to overbalance materially 
the, effect of further improvements in thermal 
economy that may be realized ii^the future. • 

Since the total * eneirgy output for a given water # 
power.site is limited by natural conditions of dis- * 

* charge and head, the gain in energy output due to 
various Refinements in the efficiency of energy con¬ 
version is necessarily only of minor importance. 


It is evident, therefore, thfit the mos£ fruitful field, 
of endeavor for enhancing the economic value of r 
water power will lie in the direction of (1) reducing 
the investment cost per kilowatt to a point where the 
carrying charges will compare favorably with equiva¬ 
lent cost of steam •power; and (2) increasing the 
total amount of economically installed capacity 
beyond the formerly accepted limits and coordinating 
the operation of the combined sources so that 0 such 
additional economic diydroelectric capacity*'can be 
utilized to, render firm peak 'service to the ppwer 
supply system of which it is a part. 

•The purpose of this article is to review briefly the 
parallel developments in the economics of water 
power*in respect to these 2* main pomponents, energy 
and capacity, and to give, an outline of future possi¬ 
bilities for enhancing the econbmic value of water 
power. • , ' 

• r. 

' • 

Factors Controlling Choice of Hydro or Steam 

a 

• " • 

Few electric systems in this countr/ are supplied 
wholly by hydroelectric generation,. chiefly because 
it has been economically advisable and often neces- - 
sary to provide, by means of steam plants located r 
jjear load centers, reserve generating capacity for^ 
use during periods of low water «$ow. There is no r 
generally accepted ratio of hydroelectric to" steam 
capacity for.best economic results; the optimum 
proportion for any system is determined by the 
relative investment cost, fuel costs of steam energy, 
amd characteristics of system load and water supply. 

Fundamentally* the benefit derived from the 2 
sources of supply comes from combining the low 
operating energy cost of water power with, the 
,low tujit investment cost of steam; while, the total 
investment to carry the system peak may be larger 
ifL a combined* system than with steam alone, Hie 
•excess investment is more than compensated by the 
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Full text of the first part of a paper “Economic Aspects of eWater Power" 
(No. 32-128) presented at the A.I.E.B. Middle Eastern District meeting. 
Baltimore, Md., Oct. 10-13, 1982. . • 


Fig. 1. Generator room of the Safe Harbor hy¬ 
droelectric plant on the Susquehanna River, a large 
low-head run-of-river pondage plant 

Each of the 36,000-kva. generators is driven by an r adto- 
. * • matically adjustable blade Kaplan turbine. . 
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,’low cost of epergy derived from, water power. The hydroelectric 'projects that*would not*have been. • 

»2 sources of power should be regarded as supplement- considered economically feasible during preceding 
ing rather than competing with each other. Quick- * years, notwithstanding the higher unit value of 
starting characteristics of hydroelectric units, energy in those years. Among these "factors is the 
namely, the ability, to start them from standstill present large size of electric* utility systems in conse- , 
and synchronize them with She load' in a small quence of natural growth as well as of the intercon- , 
fraction of the; time required for *steam units, pro- ’ nection of contiguous load areas. Almost Without 
vides a high degree of standby readiness for emergen- exception, new large scale hydroelectric develop-' 
cies. Hydroelectric units, especially of the 16w head * mt?nts are made by electric systems that supply either -> 
type having short water passages, are well adapted metropolitan load centers or a group of syst ems 
to maintain system frequency. Water storage can covering a regional territory. * * 

be drawn upon to 'relieve the ’steam plants of the 
task of ironing out discrepancies in the forecasting*of 
system load demands, to savfe banking extra boilers 
and generation by Jess eflicient’units, arid to facilitate 
the advance scheduling of equipment for generation 
as well as for withdrawal from service for ins pection 
and maintenance. Hydroelectric generators also 
hre adapted to no-load operation as synchronous con¬ 
densers for voltage regulation or power factor correc¬ 
tion ^rithout consuming much energy or requiring 
elaborate precautions against overheating or rub- 

birig as in steam units. • • 

* 

* « 

, Firm Hydroelectric Capacity 

The best method of operating a combined water 
power and steam system is generally to schedule the 
hydroelectric plants for maximum * efficiency in 
periods of deficient water, and for maximum energy 
output in periods of plentiful water. Operation is Fig. Fifteen Mile Falls plant on tbe Connecti- • . 
simplified where water storage is available during cut River, a typical low-head storage plants * . • 

low flow periods, hydroelectric capacity then can be' * \ ^ # 

held ready for instant use in case of emergency at « Shape of the peak of electric system loads is favor- 
associated steam plants. Water power always sup- able for utilizing a large installed capacity in,hydro- 
' P“ es a the system load curve according t® electric plant under minimum water conditions, 

water availability such that the largest possible which allows a large capacity valu^to be •allotted 

hydroelectric capacity is utilized; Associated ste^n to water power. Especially in the region along th^ 

plants thus are operated at improved load factors in Atlantic seaboard the sharp peaks of the various 

periods of deficient water. , . metropolitan load centers, although seasonal and-of 

That portion of the hydroelectric capacity which short duration, may occur simultaneously at .the 

under certain assumed conditions (generally coin- same hour and on the same day. This lack of* as- . • 

cidence of highest •system jpad demands with mini- sured diversity in load demand interconnected • • 

mum flow) controlling the capacity investment for systems, while unfavorable from the point of vi£w of 

the system as a whole, will render the same capacity over-all power cost, gives storage-equipped hydro- • 

service in the upper portion of the system load curve electric plants an opportunity to utilize a greater • 

that an alternative steam plant* might perform, is portion** of their installed capacities for firm freak 

called firm hydroelectric capacity. With large storage service on the combined system* •• 

and favorable load conditions, the firm capacity of . Another feature of large utility systenf loads haS 
* ’tiw? first hydroelectric plant conjieetpd to a load been the annual increase in peak, which has been of 

„ system may be many times Ihe minimum 24-hr power Inch an amount that within a comparatively short % 

. available. However, the minimu m flow energy for a time the entire^apacity of new hydroelectric develop- • 

second hydroelectric plant feeding into the .same ments has become usable on the peak. At the sajne 

load system will yield a relatively smaller firm *time the minimum system load is sufficient to absorb 
capacity than the energy from the first plant, that is, a large hydroelectric , output when water is plentiful 
the increment gain in firm hydroelectric capacity per in run-of-river plants. Plants that can be developed 
quit, of hydroelectric energy will decrehsGwith an * beyond the continuous flow^ capacity at a low ih- • 
increase in the total amount of hydroelectric energy, cremental cost can-produce a great deal .of low cost 
available. secondary energy. , 

• Advances in the art of power transmission have. - * 
Recent ©evelopments Favoring Watb^ Power made it possible to transmit large capacities over long 

distances at feason$ble«cost, With good voltage regu- 
■' Certain factors of increasing advantage to hydro-, lation and with fow energy losses. Ip. some in¬ 
electric development have made possible, and hold* stances "step-up switching stations at the hydroelec- 
jjronyse ior still greater usefulness of, nitmerous trie plants anq step-down terminal stations of trans- 
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mission finds can be de^loped advantageously as in¬ 
tegral, parts of interconnection projects; thu? large, 
power •systems that formerly functioned as separate 
unite are tied together yjto a regional power system 
extending over a. large area. In this manner a dual 
function is performed by the transmission and tie-in # 
inves tment , especially on systems where 230 kv 
*has been adopted as the standard transmission 
voltage. The hi£h<degree of service reliability* of * 
all types ctf equipment at this voltage has encouraged 
designing engineers to simplify their system layouts 
arift to rely more 6n higher mechanical and electrical 
factors ofc safety in equipment than on a multiplicity 
of lines and reserve apparatus; this has a tendency to 
reduce investment cost or increase the service value 
of hydrpelectnc projects. Most recent operating 
experience with high voltage transmission lines 
embodying some advanced features of design, has 
beeq so satisfactory, that lightning proof operation of 
transmission lines «is within the range of possibility 
set a not too distant future. • 

At the hydroelectric plant proper, several factors 
have •contributed toward lowering the investment 
cdst, aside from the lower price levels of structures 
and machinery. With ponstrqction plants laid out 
for low handling cost and .rapid progress, and with 
careful engineering work applied to temporary struc¬ 
tures, flood control, etc., the period of construction 
. has been shortened; substantial amounts thereby are 
saved that formerly were expended on interest and 
. oth er carrying ^charges during construction. Econo¬ 
mies in* the cost of financing are made possible by 
the sponsoring or underwriting of major Enter¬ 
prises through existing large utility systems, and 
few projects are undertaken now for which the 
market has not b,een secured in advance at least to the 
extent necessary to insure the interest on bonded 
indebtedness *with a sizable margin of earnings. 

..It is possible now to get more capacity out of'a 
given structural space, not only because of the in¬ 
creased sije of unite, but also because of the higher 
Specific speed of .turbine runners and improved design 
• or water. passages. Higher speed and improved 
‘design of machinery have lowered the cost of main 
turbine and. generator equipment. Auxiliary ap¬ 
paratus has been simplified and its cost decreased. 
No "appreciable improvement in best efficiency of 
runners has been recorded during the past decade, 
dt the beginning of which peak efficiencies in excess, 
of 90 per cent already had been reached; however^ 
with the advent of the adjustable blade Kaplan 
turbine high efficiency can be secured in low head 
plants over a much wider range of loading, and the 
over-all efficiency of energy conversion for the plant* 
as a %hole can be raised noticeably over that of 
earlier installations. Testing of models no longer is 
confined to runners and draft tubes, to observations 4 
of efficiency and output, and to studies of the cavita¬ 
tion problem; but extends to every phase of the proj¬ 
ect from headwater down to the lower end of the 
tailraci* channel". As a result of model tests* more 
economic designs of spillways, pier and apron sec¬ 
tions, flood,gates,* etc., have been*developed. Effec¬ 
tive steps have been taken at the newer plants to 
guard against service Interference by |rash and ice. * 


Pumped Storage Plants r 

* * 

Pumped storage plants involving specially con¬ 
structed high or low level storage reservqirs do not 
play so important a part in the power supply scheme 
of large systems in the United States as they do in 
Europe. Several ^uch projects are under discussion, 
but only one major installation, a plant built in J1928 
on the Rocky River,. a small tributary of the Housa- 
tonic River in New'Bhgland, is actually in Service. 
The plant pumps from the HoqSatonic River to a 
reservoir of 68,000 Efs-days usable capacity on the 
Rdcky River. The avenge yearly runoff of the 
Rocky River is 17,000 cfs;days. 

WhiTe pum'ping is done majhly.by off-peak stdam 
power, the Rocky River plant provides in addition 
seasonal storage service to other plants lpcated bq- 
low on the Housatonic River. Installation of the 
24,000-kw generating unit in the Rocky River plant 
and the pumped storage reservoir actually added 
40,000kw of yearly firm capacity to the electric system 
served by the plant. The efficiency *of direct re¬ 
covery by the Rocky River plant al©n§ is approxi¬ 
mately 60 per cent, but on account of the lower plants ' 
the over-all conversion economy derived from.aU , 
plants is raised to nearly 80 per cent. v 

* 

Dual USte Capacity Installations 

This novel type of development is related func¬ 
tionally to pumped storage plants, being based upon 
. the principle of converting low cost off-peak energy 
* into high**value peak capacity and energy. It em¬ 
ploys thp same unit as a turbine-generator and a 
motor-pump set, without, however, requiring a 
specially constructed high or low level storage reser- - 
voir, condifits or hydraulic control equipment. It is 
especially adapted to those plants where the incre¬ 
ment cost of generating and transmitting capacity 
is lower than, that of equivalent steam capacity and 
where a substantial overlapping of heads can be 
arranged readily. Runoff characteristics should b'e 
such that, depending oi^ the efficiency of the con¬ 
version cycle, the duration of the low flow stage, 
during which conversion of off-peak energy into peak „ 
energy takes, place, is not too great compared with 
the duration of th£ excess flow period, during which 
the dual use 'equipment produces energy for the 
system. The^te conditions are somewhat inter¬ 
related: In some .instances a large saving in invest^ r 
ment cost may more than compensate for the "extra r 
cost of’energy in conversion losses during low flow* 
exceeding f the gain in output during high flow, not¬ 
withstanding tjie fact that on such a project the low 
flow days may. outnumber greatly the high flow days., 

•Operating the g^ierator in reverse direction as a 
motor offeA no serious difficulties. However* the 
.design of different types of turbines and hydraulic 
structures for dual use at synchronous speed and 
the possibilities of variable speed electrical and 
hydraulip equipment have yet been developed not 
to such a degree that this simplified regenerative 
.cycle can be adapted readily to those water power V 
projects where natural conditions of the po\yer site 
are favorable. , • . ' * 
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A great deal has been published in the technical 
literature, especially in Europe, on the principles and 
applications of pumped storage predicated in each 
instance on the employment of 2 separate hydraulic 
motors, one for generation and the other for pump¬ 
ing, and in nearly all cases a)so # on the use of a 
specially constructed high or low level reservoir. 
Employing a single hydraulic motor for d.us£l use 
omitting specially constructed .reservoirs introduce 
substantial economics in capital investment, but 
involve a sacrifice in conversion efficiency. 

Perhaps in the search fpr optimum efficiency, jve 
are inclined at times to thro\y aside as unworthy of 
further study, the suggestion that ^-process ad¬ 
mittedly inferior frdm.a point of view of effi ciency 
may yet be superior, from the point of view of over-all 
economy.; The simplified method of hydroelectric 
^egenerationffias not been treated so far in the techni¬ 
cal literature. As a proper evaluation of the pos¬ 
sibilities of this process is of some importance on 
account of it$ effect on the economics of future hydro¬ 
electric developments, the principles underlying 
this method aS well as sorgte empirical results from 
laboratdry and field tests will be described in greater 
detail in a later article including an analysis of those 

factors that will limit its field of application. 

* ' » 


into the 2 components, base <cost and increment cost, 
-* is almost indispensable during the pr elimin ary or 
project stage of a new‘development in order td deter¬ 
mine the most economic size of the itrlWal And ulti¬ 
mate installation and the part that’it should play 
, in the power supply-scheme of a territory. The 
fact that such a differentiation exists, that the 2, 
, components can b<* segregated readily and.that their 
relative magnitudes as well as men values per unit 
capacity furnish a yardstick for comparing one proj¬ 
ect with another, is one of the characteristic eco¬ 
nomic features of hydroelectric "plants as distin¬ 
guished from steam plants; in the latter the first 
component, base cost, ceases to be an important 
factor after more than one generating unit is in¬ 
stalled. „ 

Cost of dam, property, flowage rights, construction 
equipment and temporary structures, relocation of 
bridges, highways, railroads, general site improve¬ 
ments, a certain minimum of tffilrace excavation,” 
auxiliary station equipment, all of which to some ex?- 
tent are independent of the amount of capacity 
installed, constitute the base cost .,* For many 
reasons tins cost for almost identical hydraulic condi¬ 
tions of head, average discharge, and length of back¬ 
water, may show variations of several hundred per 
cent. * 


Analysis *of Hydroelectric Power Costs * The second component comprises the cost of 

generating equipment, hydraulic as well as electrical, 
Cost of hydroelectric power may be regardedjas power house substructure and superstructure, low 
consisting of 4 main components, namely: # # voltage switching and auxiliary equipment; intakes, 

• \ , control equipment, increment tailrace excavation, 

I. Base cost of the development, which is more or less’ and related equipment. It sometimes is called the 

independent of the amount of installed generating « • 

capacity. * •» 


2. Cost of, generating capacity, including low voltage <* 

switching equipment. m * 

3. Transmission investment, including step-ufp trans¬ 
formers and other high voltage equipment at tile power 
house. 

4. Tie-in investment, such as step-down transformer 

and switching stations, underground cables, and other 
special equipment, necessary for delivering hydroelectric 
power to a distribution system or to a high voltage 
network. * - * 

• 

Until quite recently it had been cus¬ 
tomary to group the first two components 
into the single item—cost of power plant. 

Tins practise usually was adequate for the 
purpose when investigating the economics, 
of existing plants. However, segregation 
% 

# 

•fig. 3. Rocky River plant of the Connecticut 
Light & Power Company at the junction of tb? . • 
Rocky •and Housatonic rivers near New Mfjford, 
'Conn., the only major pumped storage plant in • 
the United States * * 

* * 

The plant Is situated on the Housatonic River, being con¬ 
nected to the storage reservoir on the Rocky River by a 
single penstock which serves both the 30,000-kva tur¬ 
bine-generator unit and 2 8,100-hp pumps; provision is 
made for a Second penstock at' the Y-connectipn just , 
beyond the surge tank* What appears as a black line 
, just above the dam is a boom to protect the dam from wave 
action. The circular tower at the left end of the dam 
contains jhe trash racks and intake gate to the penstock. • 
For a description of the development see A.I.E.E. Trans., 

* - v. 47, 1928, V 1/100-07 V * 
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incremental 'cost of hydroelectric capacity. For 
similar hydraulic conditions this second component,« 
expressed in dollars per kilowatt, is almost constant 
except for major fluctuations in price levels and for 
• differences in accessibility of the power site. Even 

• over a*wide range of hydraulic conditions it rarely, 

.will deviate more than 25 per cent from the average, 
which is approximately $60 per £w. m 

Considering the approximate constancy of incre¬ 
mental cost and the great Variation of base cost, a 
fujl answer to th§ question whether a hydroelectric 
plant is a high or low* cost development, cannot be 
given unless total power plant costs are segregated 
into these 2 components. For purposes of illustra¬ 
tion, the values, used in Figs. 4 and 5 have been se¬ 
lected as representative averages for a low-head 

• pondage-equipped run-of-river plant, located on 

• the eastern slope of the Appalachian range. 

During the project stage, when only estimated 
# and not actual cost figures are available, this ap¬ 
proximate division of cost may be "obtained by 

. plotting against kilowatts of installed capacity as 
absciSsa the*$stimated cost for the minimum capacity 
(C min) as well as for the maximum capadty(C max) 
under consideration. The point of intersection of 
a straight line, drawn through these 2 points, with 

• the axis of cost will give the approximate value of 
the base cost component. As certain structural 

• provisions usually must be made initially to permit 

• expansion to a larger ultimate capacity the actual 

• cost of the minimum capacity installation (C „i») 

will be'somewhat* higher ^han the estimated cpst of 
minimum capacity exclusive of these provisions for 
future expansion! • 



The vertical scale in Fig. 4, representing capital 
?! cost, can be converted readily into a proportionate 
s<;^ <Sf annual charge^, for the sum total of interest 
diarges, Taxes, depreeiftidh, pperation, mainte¬ 
nance, ap'd other* expenses, is approximate]^ propor- 
- tionate to investment. In Fig. 4 the over-all *atg 
ai&iimed at 10 per cent, based upon ah 



average return of approximately 7 per cent on invest- ' 

» ment. Depending on the method of financing, this' 
over-all rate may be reduced somewhat especially 
during the initial years. r 

The sum of the fii^t 2 components represents the 
cost of the powej* plant proper, controlled largely 
by the hydraulic characteristics of" head and dis- 
, charge and by local conditions at the power house 
site and along the shares df the pond or reservoir. 
The other 2 components of cost* transmission and 
tie-in investments,, are .controlled by the geo¬ 
graphic location of the plant in respect to its po¬ 
tential market, and b.y the opportunities of effect¬ 
ing a physical tie-in to existing, lines or distribution 
networks at a minimum cost.*'Although bearing 
hardly any relation to plant costs, yet these 2 com¬ 
ponents must be fully considered as cost elements fer 
hydroelectric power. It is not infreqfuent that % 
low cost and in every other way seemingly ideal 
project is uneconomic by reason of excessive trans¬ 
mission and tie-in cost. Conversely, certain" other 
projects may be favpred by short transmission dis¬ 
tances to load centers,, nearness of existing high 
voltage lines, and advantageous* location of step- 
down stations in respect to city distribution systeins. ' 

• In some special cases these 2 components of costs •* 
may become a credit rather than^a-charge. rtf, for 
example, a Ihrge power consuming industry is so 
close to the power site that it can be served eco¬ 
nomically at generating bus voltage, there will be a 
sqving in. transmission cost compared with supply- 
*, ing power to that industry from a more distant 
source; or if.nearby railroad lines are electrified, 
there may be a distinct saving in tie-in expense not 
only because of the nearness of the electrified tracks, 
but alst> because where the railway operates from a r 
25-cycle single-phase system, lower speed single- 
phase generators can be used instead of the custom¬ 
ary frequency converting equipment required in 
connection vfith 60-cycle steam power. These cases 
are exceptional rather than average; as a rule, the 
combined cost of transmission and tie-in investment 
will appear as a charge rather* than a credit for 
hydroelectric power. Especially where long dis¬ 
tances are involved, such as Boulder Dam or the ' 
St. Lawrence development, the cost of these 2 com¬ 
ponents may be equal to or exceed the increment cost 
per kilowatt. of installed* hydroelectric capadity. 
Development of 230-kv transmission has a tendency, r 
where large amounts of power are involved, to Reduce 
the transmission cost for a given distance, but to r 
increase slightly the tie-in cost. 

AS extensions are made at the hydroelectric plant 
the cost of transmission will increase in sharp steps 
corresponding to the building of additional trans- 
iflission lings, but the tie-in costs usually will grow 
ai; a gradual rate, corresponding to the step-b/-step 
•installation of additional underground cables* and 
other tie-in equipment to keep pace with the increase 
^hydroelectric capacity. Annual charge^ for trans¬ 
mission and tie-in f acilities will bear again a propor¬ 
tionate relation to the investment, but at a some- „ 

• what higher rate (12 to 15 per cent) than that used * 
for the^innUal charges of the pljtnt proper. * - 

While it m^y appear academic, to combine-at an 

* • Electrical- Engineering •* 
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. * PERCENT CAfiACITY OF INITIAL DEVELOPMENT 

Rg> 5. Analysis of the value of a hydroelectric project 

* 

‘ early stage of the project the estimated cost of the 
* plant proper with the cost of transmission and tie-in 
facilities which* *hre indirectly dependent upon 
marketing* the power, yet a tentative forecast of 
these cost components is indispensable to a pre¬ 
liminary investigation of the economic justification 
of a project. Instead of adding these 2 components 
to the other costs of hydroelectric,power, tJjey coufd 
be subtracted from the composite value of the power, 
which is analyzed in the paragraphs that follow. 
This'latter , method, however, would not give as 
"clear and* convenient a graphic picture of the^rela-* 
tionship of over-all cost and value. . * 

* - % 

Value op Hydroelectric Power ’ 

The generally accepted yardstick for evaluating 
hydroelectric power is the replacement cost of its 
2 main component^, capacity and energy* by the 
cheapest alternative source of supply—steam. Hy¬ 
droelectric projects that have only a single potential, 
market for their output, are mor§ readily analyzed 
than those projects that have several possible outlets 
for power and the operation of which can be so no¬ 


tion of water power is confined to the>>2 "main com¬ 
ponents, capacity and ft energy. * , 

It is evident that there can be ‘credited toward the 
cost of hydroelectric capacity only an amount equal 
to the cost of equivalent steam capacity that would 
^render a. corresponding amount of firm peak service 
on a given system load, and that otherwise* would 
^have to be provided in the form of st eam invest-* 
"meht in order to insure adequate "reserve* capacity 
for the. system. Strictly speaking, this .definition 
would limit in the initial year the capacity value of a 
hydroelectric plant of any type to the annual increase 
in connected system load, or at the most, to the 
capacity of a single steam unit if the latter is larger 
than the anticipated increase in system lqad. This 
rather narrow definition gradually is giving.way to 
the long range point of view,, taking intp account the 
average capacity value rendered over an extended 
period. 

For a given amount of minimum flow energy, the* 
amount of hydroelectric capacity that can render 
firm peak sendee to a system will increase gradually 
with the growth of system load, provided the* loacf 
curve at least in its upper portion retains ^.pprojfi- 
mately the same shape. If additional load areas 
that previously supplied stfl of their requirements by 
steam can be tied in to a new hydroelectric plant the 
fimi peak service rendered to the combined system 
will be increased materially. This is true provided, . 
of course, that these new loads are similar in char¬ 
acter to those originally served by the plant. * , 

, Capacity value per kilowatt comprises, in addition 
to thh fixed charges—interest, depreciation taxes, 
insurance, and some general expense—those items of 
steam plant operating costs that are more or less 
independent of the amount of power generated. 
This combined value varies somew%t in different 
localities. Aside from differences in p#ce levels,’it 
probably is more affected by the size of individual 
steam units than by any other single factor. Under 
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-•useful, and therefore the most valuable, service to the 
combined system. 

Aside from the replacement value of water power 
as measured by the steam yardstick, a hydroelectric 
plant, by proper coordination of power house dis¬ 
charge, may add materially to the energy and csf- 
pacity output of any plants located farther down¬ 
stream. There are also several other collateral or.- 
contingent advantages of hydroelectric power which 
would be difficult to express in definite figures. Some 
of these features have been referred to in previous 
.sections of this article dealing with .the choice of 
water power or steam as a source of supply. For . 
the piupo^b of this approximate analysis, however, 
all of these collateral features are omitted andeyalua- 
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# Fig. 6. Comparison of cost and value of a hydro* 
v :» electric project 
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present conditions its lowest value is perhaps in the 
neighborhood of $10 per kw but in some instances ex- # 
ceeds $18 per*kw for modern inedium sized stations; 
the average is in the neighborhood of $13 which is 

* the value used ih £ig. 5. 

► The # energy value per kwhr comprises, in addition, 
,to the cost of fuel and maintenance, only some minor 
items of operating supplies and ‘labor. Depending 
mainly upon the* prfce of fuel in the territory, upon * 
the heat eycle of the station, and upon the relative 
size of boiler and turbine units, the energy value 
under ’present conditions may be assumed to vary 
(except for mine-mouth plants) from a minimum 
of around 2 mills per kwhr, or slightly less, to a maxi¬ 
mum of around^ mills, the average being perhaps 2.5 
mills for unit capacities of 50,000 kw and higher. 

* This latter yalue has been used for computing the 

* total energy value of the hydroelectric project 
analyzed in Figs. 4 and 5, assuming full utilization of 
*tKe water power available. 

• In order to approximate the effect of'transmission 
Josses, of capacity reductions by flood stage, draw¬ 
down of pcqid, etc., certain reductions have been 


e * 

applied to energy as. well as to capacity. For less' 
than full utilization of either installed capacity or* 
available water power, the combined curve will 
drop below the values indicated, the ^amount of 
which reduction can be determined readily as a pro¬ 
portionate reductioif of the respective component 
parts. * ; ^ 

Composite curves of hydroelectric costs ana values 
have been replotted in Fig. 6 to bring out more 
clearly certain trends frequently observed m Connec¬ 
tion with .major hydroelectric .projects serving a 
large interconnectea load, system supplied by water 
power and steam. During the initial years of 
operation, water power -will compare less favorably 
with steam * than during later- years. However, 
a reasonable expectation* is t^at a hydroelectric 
plant which has low incremental cost and not un¬ 
duly high cost of transmission and tie-in facilities 
in the long .run will yield a substantial margin oi‘ 
savings below the cost of steam. In addition, there 
will be several .collateral advantages to its credit, 
which have been omitted in this graphic presenta¬ 
tion. * * . *■ * c 


Metal Deposition in 
• Electric Arc Welding 


Experimental work here reported indicates 
that liquid globules are the chief form of* 
metal transfer jn electric arc welding. A 
new methqjpl df high speed “recording” 
produces a metal record which canljbe 
compared directly with a corresponding 
oscillogram. 
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• METAL TRANSFER is one of the 
most important functions of the electric welding arc. 
*• Whether the metal deposited passes through the arc 
as vapor,-as mist, or asylobules larger than mist, long 
has bear under discussion; us also has been the na- 
ture of the driving force of'transfer, particu larly in 

r *■ ft • 
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overhead ‘Welding where the counteracting force of 
gravity must be overcome. 

. * Some gtudents pf this phenomenon have thought 
that the‘larger part of the metal is transferred as 
vapor generated at the tip of the wire electrode and 
condensed in the crater formed on the object welded. 
Othefsf pointing out the large amount of energy' 
. required tb vaporize the metal at the tip of the elec¬ 
trode, have reached the conclusion that the principal 
transfer must occur as mist or globules of molten 
metal. Some have attributed the driving force to 
the evolution, within the melting tip of the electrode, 
of gas which results in a succession of tiny explosions 
discharges particles of tfie metal. Still others have 
explained the transfer as resulting from the forces of 
^dhesion and surface tension between the molten 
metal on the electrode tip and that in the crater 
when the 2 liquids touch each other. 

Another theory recently revived cites the “pinch 
effect ds accounting for the force necessary to 
separate the> globules from the electrodes. (This' 
subject is reported at length by F. Creedy and, with, 
discussions thereon, recorded, on p. 556-66 of the 
A.I.E.E. # 7 rans., June 1932.— Ed.) Finally, this 
last theory has been supplemented by discussion 
which suggests that the globule is propelled from the * 
, eiectrdde by the forces resulting from the tremendous 
current density existing in the neck or filament of 
•nietal formed just as the globule is being separated 
from the electrode. 

• Other experimenters have found that whereas they 

were able to do overhead welding with ordinary steel 
wire, they wei;e unable to do it with a wire of pure 
. iroh free from gas. this would seem to indicate that* 
the combined action of “pinch effect” dnd,surface 
tension, or ^inch effect” .and vaporization.of the 

# ' *Y 
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pinched part ®f the conductor, is insufficient to trans¬ 
fer the metal against the force of gravitation without 
the help of the expulsive action of gas contained 
within the melting tip of the electrode. 

All these experiments and theories emphasize the 
importance of the mechanism of metal transfer, and 
reveal „the incomplete state of knowledge of its 
nature. 

A partly successful attempt,to record by high 
speed continuous photography the forms in which 
metal is transferred, through the arc has shown that 
some metal is transferred as globules and some as 
threads. Instantaneous .conditions revealed are 
shown in Figs. 1 and 2., This method, of course, 
would not show the*metal which might tfe transferred 
as* mist or as vapor, 

* * 

4 New Method of Study Disclosed’ 

* 

In the welding laboratory of Lehigh University 
has been developed a new and direct method of in¬ 
vestigating tfiis subject of metal transfer, a method 
which records ail of the possible forms in which metal 
is transferred through the arc. The principal fea¬ 
ture of the method involves the moving of a highly 
polished metallic strip under the arc at a speed suf¬ 
ficiently high to-Enable each successive deposit of 
metal to be made on the strip distinctly separated 
from the others. The metal strip, or metallic mirror, 
thus gives a continuous and chronological‘record of 
the character of the deposit, and each form retains 
its identity and is easily recognized, whereas in ordi- 
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Fig. 1. Instantaneous conditions in the transfer of* 
mfetflj by means of the electric arc; above, thread 
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nary welding the 
^globulbs, mist, and 
vapor merge in the 
molten crater and 
lose their identity 
,at once. 

In the Lehigh ex¬ 
periment a polished 
^ strip of mild steel 
4 x 36 x Trim in di¬ 
mensions was run 
through an auto¬ 
matic welding ma¬ 
chine at a rate of 
speed in excess of 
100 in. per min, 
using a 6 / 32 -in. mild 
steel wire, a current 
of 150 amp, and 
somewhat more, than 
20 volts aerbss the 
arc. The energy 
was supplied from 
a standard arc weld¬ 
ing motor generator 
set. Results as 
shown in Fig. 3, 
where it may be 
noted that the flat¬ 
tened globules rang¬ 
ing between y 18 and 
. Via in. in. diameter 
at the base, clearly 
are shown to form 
the major portion of 
the deposit. Many 
of these show a gas cavity caused by theescapS of dis¬ 
solved gas as solidification took place. Under the con¬ 
ditions of this experiment, any vapor was oxidized^be- 
fore deposition and appeared on the strip as a re’d 
powder. The particles of spray .also were*oxidized, 
although probably only to Fe 3 0 4 , a result in the 
decrease of surface-to-volume ratio'in the larger * 
spheres. To condense these two forms of deposition 
unaxidized the air about the arc would have to be 
replaced by an inert gas such as argon. Examination* 
indicates that, in this case, the ainount of material 
deposited in these forms was considerably less’than 
dO per cent of the total deposit? and that” the chief 
fjprm of transfer was as liquid globules. 

Conditions involvedm this test differ, of course, in 
some respects from those of ordinary welding. For 
instance, the heating of the strip under the rapidly 
advancing arc w insufficient to cause crater fQrma- 
tion. Surface fusion does take place, however, be¬ 
neath each globule, even at this speed, as examine,-, 
tion shows the globules are .tightly welded to the 
plate and resist removal by the chisel. * -Therefore, 
the temperature of the strip under the arc has been 
at least 1,500 deg C (the melting point of steel). A * 
temperature considerably higher than this (probably 
2,450 deg C, the boiling point of iron) exists at the 
crater informal wddihg and therefore mote heat is 
radiated from the crater to the wire tip, but the 
amotfnt of heafeso radiated to fhe globule on the tip 


Fig. 2. . Thun's high speed 
* photography # shoeing a 
cycle in "electric deposition 
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of the electrode, as calculated by the Stefan JBoltz- peaks of a group the voltage rises to fuff arc voltage,' 
man law, seems to be less than 10 per cent. This* with a very short overshoot of voltage above normal,' 
would not be'sufficient to vaporize any considerable whereas the current in the valleys between peaks does 

# proportion of the globule before it left the wire, and not drop fast enough to reach the nor mal 'current 
m would not ’change appreciably the proportion value in the short interval. The ordinary ammeter 

deposited as globules. The ‘conditions of this test* and voltmeter used in welding show, of course, only 
•thus are at least enough like those of ordinary prac- the average current and voltage, and do not show 
« tise to render them suitable for comparative inve^ti-, these* rapid fluctuations. r • * 

gation of the basic phenomena of deposition. In general, the conjpspondence between m^ tal de- 

Oscillogr&phic records of the instantaneous values position and oscillographic record is surprisingly ac- 
of«current and voltage, of the arc accompanying each curate. Eleven other complete' strings of globules 
series of depositions w&re taken on a 6-ft film, a sec- with oscillograms to accompany them were made, 
tion of Which is reproduced in Fig. 3 where the de- using a variety of electrodes, currents, and speeds, 
posit accompanying each current peak on the film is each with the general results the same as described, 
shown below its*own peak. The accuracy with which ♦ *' 

the oscillogram records the operation of the deposit- Conclusions 
ing mechanism is striking. The size of the current . 

disturbance on the film corresponds quite well with These experiments indicate that liquid globules are 
# fhe«size of the globule deposited on the strip. For the chief fofm of metal t ransf er, although there is 
instance, the overlapping globules at # the extreme some metal transfer as vapor and mist. A close cor- 
right correspond to the group of current peaks on the respondence is sfeen between the individual types of 
• ffilm above it, and the same correspondence holds deposit and the indi^idjial features of the current ^and 
fqr the Rouble globule near the center of the series, voltage waves on the • corresponding oscillogram. 
The tiny globules of sf>ray seemed to bridge the arc The oscillogram would seem to'be a trustworthy 
sufficiently to give a Voltage-“zero,” although the indicator of the depositing mechanism. r ' ' 

time was too short for appreciable growth of current. • This method, revealing as it does the mode of - 

This Voltage zero indicates that the deposition was pietal deposition, offers also a mesh's for testing and 
not entirely a spraying process even for these tiny comparing the depositing performance dr so-called 

• globules. The same momentary voltage zeros ap- “weldability”* of various types of electrodes. The 

* P e ar m severaj other places where spray is found. results of ’tests of this kind may be interpreted, more- 

■ / globule ne^t to the left of the sprayed group oyer, both for hand and for automatic welding. 

* v 01 the direction of motion) illustrates the simplest • These results are for “bare,” or very lightly coated, 

case, a single‘glqbule and a single current peak and electrodes. The modern heavily coated electrode, 


Fig. 3. Com¬ 
posite reproduc¬ 
tion showing a 
Section of the 
high speed metal 
"record'* of ac¬ 
tual deposition, * 
and the relation 
of the various de¬ 
posits. to the cor¬ 
responding Cscii-r 
'lograny 
• > 
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• voltage valley. Likewise, the next to the left shows* 
a double gtobule and double peak, but its neighbor 
(third froih left) and also the second one from the ' 
„• both show more peaks than globules, due perhaps 

to complete merging of the globules before solidifica- 

. It may be interesting to note that the largest peak 
of £ group’is nearly always the first one, possibly indi- • 
i ^catmg the transfer of accumulated liquid ,at the ftp of 
electrode. Also, ©ne notes thJt between the 


# • • • 

because «f its chenfical protection to the metal in the 
ate, can and does use a longer arc length, in fact, So 
’long that the globules are unable to bridge the arc 
and to cause the current* peaks and voltage zeros of 
short arc” welding. Globules are believed, how¬ 
ever, to* be the chief form of transfer, also when the 
loqger arc and»coated electrode are used. This ques-. 
tion could readily be decided by the use of jthe method 
described in this paper, using heavily coatfed elec¬ 
trodes. • • ■ • ' V 
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Synchronous Motors in 
Rolling Mill: Service 
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Improvements in the synchronous motor 
-and its control, together with a * growing 
recognition of its favorable first cost and 
operating characteristic have resulted in 
‘its rapidly increasing application to coif- 
stant speed main-rolls in metal-rolling mills, 
both steel and non-ferrous. A brief review 
of the present status of such 'applications, 
and some important controlling factors are 
gSven h<ye. . 
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THE BEGINNING of 1932 
there .were 161 synchronous motors totaling'231,950 
,hp driving main-rolls in steel mills and in copper, 
and brass, and other non-ferrous mills. This amount' 
of horsepower is small compared to the total in use 
on metal-rolling mills, nevertheless il represents thb, 
largest part of the horsepower in constant speed 
motors installed since synchronous ifiotors have 
been developed for main-roll drives. The types of 
main-roll drives to,which synchronous motors are 
applied and the number o? units and horsepower 
installed are shown in Table I. • 

These units range in speed from 900 to 62 rpm;* 
about l /i operate at 25 cycles, -the remainder at 
60 cycles; approximately 1 / s are direct connected 
and 2 /a are geared to their “mills.; voltages range 
from 220 to 11,000 inclusive. 

•' * 

'Requirements and Scope of Application ’• 

. m ■■ 

In the field of constant speed rolling mtll drives, 
the only apparent limitation to the^use of syn¬ 
chronous motors is on those mills Having Jieavy 
passes of short duration where it fs practiee*to inter¬ 
pose fly-wheels between the load and the line. 
How€ver, with the present large afid growing ea-'* 
parity of power systems supplying most rolling jniUs^ 
the need otprotecting the line from short-time high- 
peak loads becomes of decreasing importance and 
-the elimination of flywheels is a desired step toward 

greater driye simplicity, Several sjdichronous mo- “ 

» • ••'•••.- • .■ . ' • * 
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tors now are applied successfully td main-rolls, 
such as plate mills, where motors with flywheels 
formerly were considered essential. *» * 

On large reversing mills, synchronous motors must 
be excluded from consideration because frequent and 
rapid reversal is one of’the important requirements. 
On certain smaller mills, however, where relatively • 
flower reversal and constant speed foiling are satis¬ 
factory, synchronous motors offer possibilities. One 
continuous-reversing synchronous motor'now is in 
use driving a copper break-down mill. , 9 

The torque requirements for various types of 
main-rolls are given in Table II. Except lor cold- 
roll mills, the starting and pull-in torque require¬ 
ments under normal starting conditions are-compara¬ 
tively fight, 50 per cent of the full load torque of 
the motor usually being ample. Emergencies, how¬ 
ever, may require' the mill to be reversed or jockeyed 
under load. Hence, starting and reversing torques 
ranging from,85 to 100 per cent must be available,* 
secured by applying a higher percentage of* full' 
voltage, or full voltage to the motor in starting.. 
Cold-roll mills, because of the very high Mction load, . 
require high starting and pull-in torques. The pull¬ 
out torque requirements will be determined, of 
epurse, by the type of load imposed by the par¬ 
ticular null, with the highest values in general for 
those mills where rolling is intermittent and the 
passes are short. -% 

Rolling mills, although similar in the main fea¬ 
tures of their construction and operation, rieverthe- « 
’less yary considerably ip their * individual load 
characteristics and motor requirements. Iff Table 
IB the approximate torque requirements for specific 
mills have, been set up. This tabulation alsg pre¬ 
sents some approximate data on metor ratings and 
the load characteristics of mills which* afford oppor¬ 
tunity for application of synchronous motors.- 
Additional comments on the groups of mitt* shoWh 
in Table II are given in the notes appended to tEe 
table. By graphical kilowatt charts Fig. 3 de¬ 
picts the important type's of rolling loads encountered . 

•• * - * • 

MDtor Characteristics V • 

Values^ of starting and pull-in torques available* 
in synchronous motors of normal "design vary con¬ 
siderably, depending upon the* horsepower, speed. 

* . . , 

• . ‘ ’ # » . ■% 
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Table I—Applications of Synchronous Motors to Main-Roll 
* Drives 


Mill 


■> 

- * 


Units Hp Hp 


fillet and bar mills,........,......;...... .... 

Tube piercing mills....... it ....... 

Copper and brass -mills.......... 1. 

Rod mills................... ?. . .... 

Tube rolling mills........ 

Skelp mills.......................,.......... 

Hot strip mills.............................. 

Merchant mills. . ..............;... 

Tube reeling and sinking miliar...... ... . 

Structural mills.... ........... 

Tinplate mills. .. . ..... ; ..,. 

Cold-roll sheetynills.... •,... .> ....... 

Rail moiling mills.......... ..... 

C&ld-roH strip mills.,. A .....:..> 

Plate mills...........,. .,..... 


... .21... .74,750... .3,$00 , 
,..20....41,300.... 2,000 
-..47....25,430.... 550 

• .10....S1t850. . , .2,200 
.. 8..,. 11,600.... 1,400 
.. 2.... 10,500. ...5,000 
. .11.. . .14,950.... 1,360 
..IT..., 9,900.... 900 

.-. 9 -4,260.... 450. 

.. 1.... 3,000....3,000 
.. 2.... 3,000..;. 1,500 

. .* 5..,. 2,300..,. 500 

• • 3.... 1,800.... 600 
1,000.... 500 
1 , 000 .,.. 1,000 


.... 1 .. 


* 

* 


i 


855 


.. a 



• • 



“Field-forcing” for increasing the field excitation 
to values above nominal to provide higher ptill-out r 
torque during the periods of peak loads, has inter¬ 
esting possibilities in providing for mortf* economical 
applications on mips with high, but relatively in¬ 
frequent peak lo^ds. At present, safur as is known, 
its use is limit ed because of limitations in the quick¬ 
ness* of response to sudden load increases. "It is 


POLES 




Fig. 1 % Approximate relationship of starting and 
pul bin torque to motor horsepower, speed, and pull¬ 
out torque ratings for 60-cycle synchronous motors 
operating at 0.8 power factor and A speeds of 450 
* * rpm or lower 
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PER CENT SYNCHRONOUS SPEED 
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Fig. 2. Starting 
torque and leva 
curves for3,000- 
hp, 450-rpm, 
60-cycle syn¬ 
chronous motors 
operating at 0.8 
power factor 
(calculated 
values) 


8-stand tinplate 
mill. 2,000-hp 
300-rpm syn¬ 
chronous motor 


10-stand cold- 
roll sheet mill. 
500-hp *514- 

rpr^ motor 

• •• 


Seamless tube 
mill rolling pipe 
of approxi¬ 
mately 10-in., 
diameter. 1,500- 
•hp 86-rpm motor 



sating, and pull-out torque for which any individual 
motot is designed. For purposes of illustration, the 
relations for motors of 0.8 power factor are shown 
approximately by the empirical curves of Fig. 1. 

•These curves are for 60 cycles, and speeds of 450 
r^)lh and lower. For 25-cyde motors the approxi¬ 
mate relationship of starting and pull-in torque’ to 
m<jtor hflrsepowerf speed, and pull-out rating, can 
be derived fom^Fig! 1, for 0.8 power factor, by mul¬ 
tiplying ‘the 25-cyde motor horsepower by 2.4 to 
locate tire desired'point on the absdssa. 

As illustrated by Fig. 1, an average of starting 
•and .gull-in torque in excess of 100 per cent is avail¬ 
able inherently over a wide range of horsepowers and 
.speeds, especially fof- higher values of ptill-out torque. 

For low 60-cyde Speqds, where full-load starting 
torques are not inherent in a normal design, th«^ 
can be secured by increasing or changing the pro¬ 
portions of active material in the mdtor. Moreover 
in all cases, considerable latitude fxists in the de* applicable now to drives where increase in load is 
sign .of the induction-motor characteristics of the comparatively slow, or where the load increase 
synchronous motor, so that individual values of can b$ anticipated either by the mill operator or by 
starting torque and pull-in torque can be varied* firip switches actuated by the metal entering the mill, 
from the average, to provide a* torque curve most . Under normal conditions of starting, except for 
suitable termeet the requirements of main-roll drives, “cold-roll drived the torques required to break the 
Pull-out torque requirements for main-roll drive mill from rest and accelerate it usually are available 
can be secured more easily and less expensively in with’a power inrush not exceeding 175 per cent of 
synettronhus motors designed for operation at 0.8 the full'load kva of the synchronous motor, secured 
power factor than in thoge designed for operation at by # using one of the various methods of reduced-kva. 
umty po'wer factor. From me standpoint of pull- • starting. For emergency star ting and reversing, 
out torque, therefore, motors operating aj? (1*8 where* starting torques higher than normal are 
jpower factor are preferable. • necessary, th^ power inrush, oi course, will be larger. 


Fig. 3. J0low/tt charts showing nature of powe? 
demand met by various synchronous motors' 
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The kva starring demand of a t synchronous motor 
particularly in the larger mills, has become a 
factor of less critical importance than formerly. 
As a result* starting at full voltage, with attendant 
mgh kva inrush, can be tolerated in many instances to 
simplify both the starting operation and the starting 
equipment. ’ •» & 

Starting characteristics of a 3,000-hp, 450-rpm, 
0.8-power-factor, 80-cycle, main-roll synchronous 
motor are shown in Fig. 2. ^ starting torque of 
150 per cent, with \ starting kva of 450 per cent, is 
obtained with full-Voltage starting. However, a 
starting torque of 50 per qent normally is ample f5r 
starting the mill and witji this torque the starting 
kva Is but 150 per cent qf full load kva. V 

In the application of ^synchronous motor to a 
mpm-roll drive, the inherent characteristics of the 
motor are such that several factors each must be 
considered individually. Although in .this article 
an attempt has been made to set forth the general 
requirements, they should not be, considered as 
ready-made rules which can simply be lifted out and 
usee?; good application engineering, with due recog¬ 
nition of»the motor’s shortcomings, is required at all 
, times. In every case the motor must be designed 
„and built with quite an exact advance knowledge of 
the mill requirements, necessitating close coopera¬ 
tion between engineers of the mill and of the motor 
manufacturer. 

Notes on Table II 

* • • . 

1. Types of mills listed arc those which afford oj^jortunity for Synchronous 
motor drive, and in general they are the types most frequently used. 

2. Motor horsepower and speed limits are approximate. * 


for ^me^TheVe'mfll? ° f ^ Sraphi £' 1 depiction of ^ characteristics 

ir* ho° 0 T eS Siven " a Percentage of the full load torque of the motor, and 
are based on the average horsepower required for the type of mill. *Increase 

tor ^P° wer will modify the torque pmjeentag^. Torques shown 
above apply regardless of type of starting Hsed. •>* “ 

torq,le shown usually are.*ample to start the mill 
unloaded, but the higher torques shown must be available. 

J*T th 0 ^ igk .' and t c ° ntiaU . OUa billet and bar miIIs offer suitable affd advan¬ 
tageous applications for synchronous motor drives; many such mills now are 

JnilhTsnekd ° f th V e, f tively limited * large sections rolled by these 

7. For the roughing and intermediate stands of slcelp, hot-strio merchant 
and rod mills, where the metal section is large and the rolling speed relatively 
slow, a constant speed drive generally is satisfactoryaand synchronous motors 
are applied to advantage. For the finishing^stands, where the metal section 
neeessT lSht ' a ” d elon S ation is rapid, adjustable speed motors usually Le 

8 . Plate mills constitute somewhat of a border line case for synchronous motor 
application because of the high, short peaks encountered. Conditions per¬ 
mitting, the synchronous motor should prove an advaategeous’virive, particu- 

™,!f.. b ir CaUSe -t a “ S :? W °, Uld eh . nunate s P eed variation as a deterrent factor in 
controlling uniformity of gage in rolling. For the roughing and shaping stands 

ral - S and ^f uc ^ ral sha Pes, synchronous motor drive is subject 
po the limitations imposed,by high, relatively short load peaks. For the finish- 

d n riveh n q^ t e°suUa e bk Where C ° nStant *** “ satisfacto 7 > ^nchronous motor 

fl. The severe loads imposed by sheet and tinplate* mills (of the non-continu- " 
ous type) are made yp-of heavy impacts of short duration while the sheet-bars, 
are berag broken down, and heavy drags of longer duration when the sheets are 
being finish-roiled. The largely unrelated operation of the various mill stands 
results jn Irregular loads wherein the ratio of average horsepower demand to peak * 
demand may be quite high. Synchronous motors show attractive possibilities 
e ?® Ctln ? a “ bstantlal economies and improvements in productidh when afl- 
plied to sheet and tinplate mills to replace' present induction motors. The 
constant rolling speed afforded by the synchronous motor is of particular im- 
portance in insunng greater uniformity of gage in rolling thin sheets, and in 
eliminating variable speed as a factor in*controlling mill production. . 

10. Cold-roll sheet mills also provide an attractive application for synchronous 
motor drives. The high friction load, together with the diversity of operation 
incident to the use of a single motor to drive several individually fed mill-stands 
results in regular load and high load factor. High load factor enhances the 
economies of the high efficiency operation of the synchronous motor. 

11. The load characteristics imposed by mills for making seamless tubes are 
somewhat alike. As the metal enters the mill, the load rises at once to its full 

, value, remains almost constant at full value for the duration of thetoass then 
drops bask immediately to no-load' val«. These passes vary in length from 
approximately 5 to 20 sec and are repeated from 2 to 4 times ftr mlnute 
Exqept in the case of certain expanding mills and soihe reeling mills,'a single 


Tabic IP—General Mill Characteristics alid Torque Data for Synchronous Motors Applied to Main-Rolls» 


Application Types of Milts 1 

* 


Motor 

Horse¬ 

power* 


Motor 

Speed* 


Torques* (per cent) 


Connection to Mill 


Load Characteristics* 


Starting* Pull-In Pull-Oift 


Steel Rolling MUIb 


% 


Billet and bar mills* .. .Continuous or. 

three-high 


.? 1 , 0 Q 0 to 
7,000 


-*fi- 


—*- 
40 


.. .250 to 850 


Skelp,* hot strip, mer-... Continuous 
chai^t, and rod mills ^ 

Plate,* rail, and struc-.. .Three-high 

* 3urai mills 

Sheet and tinplate mills*... Two-high 

* trains 
Coict-roll sheet mills 1 * ... Two-high 

trains 

Seamless tube pierring.. .Mannesmann .. 
mill «, orStiefel 

Rolling mills ...Two-high 

Reeling, sizing, and i 
sinking mills J Two-high 


. 1,000 to 
7,000 

. l.ooo ta 

7,000 
. 1,000 to. 

3,000 
. 500 to . 
760 

. 1,000 to. 

5,000 
. 1,000 to. 
2,000 

• 

. 350 to . 
600 


60 to 100 .* 


40 ...226 to 300 


80 to.. .Eflrect drive, single re-. .Continuous mills: varying load,... 50 to 100. 

600 duction gear, or ton-.moderate peaks * 

dam gear set ^Three-high mills; intermittent 

* load, approx. 3 to 15 sec dura- 

m a ^tion; hteh peaks 

.. .80 to .. .Direct drive, single re-. .Varying load, moderate peaks 
600 duction gear, or tan- 

m dem gear set 

.80 to.. .direct drive, or single. .Intermittent loads, approx. 1 to... 50 to W0.. 
m 600.'« ^reduction gear 15 sec duration; high peaks - 

. .240 to.. .Single reduction gea^Continuous, irregular load, jre-... 50 to 100.. 

460 .9 . quent high peaks „ 

. .240 to.. .Single reduction gear ..Continuous, regular load ...150 to 200...100to 150.. 

450 

(Intermittent loags, approx. 6 ... 50 ta 100 ... 40 .. .260 to 350 

1 to 80 sec duration; high 

peaks. On rolling mills •* - 

load duration may not be V 

more than 3 to 4 sec. 

...250 to 30© 


40 

40 


.. .250 to 350 
.. .300 to 450 
250 


.. 150 to.. ?ftirect drive, or single. 

240 redaction gear 

.. 62 to.. .Direct drive . 

83 


.450 to. ?.Sihgle reduction gear . .Intermittent loads, approx. 6 to. 
800 . m 30 sec duration; ® peaks 

* moderate * 


Copper, Brasq, &nd Qther Non-Ferrous Mills 


Breakdown mills 1 * 


Finishing; mills * 


. .Two- or 
three-high 

. .Two- or 
three-high 


,. 300 to ...250 to...Single reduction gear...Intermittent loads, approx. 1... 50 to 100... 40 * .. *250 

1,500 * 450 to 15 sec * duration; peaks 

« moderate "» , » 

,. 260 to .. .250 to.. .Single reduction "gear.. .Intermittent loads, approx. 5 to,.. 50 to 100..40 * ... 250 


600 


450 


*15 sec duration; peaks 
"moderate 


■% 

* 


A * 
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speed drive is sufficient sod the Absolutely constant speed provided by the 
synchronous motor'even at high overloads is a factor of considerable importance 
in making the tube. Also, the first cost and the high power factor*and high 
efficiency at the comparatively slow speech of these mills have caused the 
synchronous motor to be used widely for seamless tube mill drive. 

12. Synchronous fnotors have beqp*quite widely applied to non-ferrous break¬ 
down and finishing mills, 'the power factor correction obtained for synchronous 
motors is of considerable importance in some plants, offsetting the low power 
factor characteristics of the induction furnaces used for melting. ^ 

* 
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Thermaf Transients 

• 

* ahd Oil Demands in Cables 


• • 


Simplified solutions now may be obtained 
for the thermal transients and oil demands 
in power cables, due to load variations of 
arty complexity whatever. Mathematical 
aifd graphical aids have been developed 
which greatly reduce the time and labor re¬ 
quired for^numerical work, and the theory 
has been verified by measurements on 
actual tables of the ordinary and oil filled 
types. 
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accuracy by breaking it up into a series of rectangular 
steps, and adding with proper time intervals the 
successive thermal transients. 

The fundamental equations were developed several 
years agp, but the.numerical solution was too compli¬ 
cated and laborious to be of general practical value. 
A simplified niethod is presented here, which employs 
calculating charts and other devices permitting’ com- 
•plete axact solutions to be obtained in less than 20' 
per cent of the .time formerly required*] In addition 
to temperature transients due to abrupt load changes, 
’precise simplified solutions for the following related 
phenomena are given: 

1. Oil demands due to abrupt load changes in ojl filled cables , 

2. Temperature transients and oil demands due to load variations 
of any kdn£, whether abrupt o#oth£rwise. 

Although the methods described in this paper 
•were developed for problems of single conductor 


v 3rINCE underground power cables 

almost always operate under variable loading, it is 
deisitijble to be able to establish their allowable carry- 
ingrcapacities on the basis of variable loading, rather 
than on the basis of some equivalent steady state* 
loading, as is the present practise. For this purpose 
it is mpst useful to know what temperature variations 
will occur at any point in the cable at any time due to 
an abrupt change from one constant load to another. 
Any load curve then can bp hsfhdled with sufficient 

__ : . 

Basftd upoQ “Thermal Transients and Oil Demands in Cables»*(Ho, 32-127) 4 
932 E B Bastern District meeting, BaltimoA, M^., 




— n 

* Fjg- 1. (Left) Rectangular load change 

* Fig. 2, (Right) General load variation,, 

.«* • • • 

• . • • ' • • e 

cables, they can also be applied directly to 3-cqpduc- 
tor cables, using a per phase basis (e.g., iheath 
‘thermal resistance = 2LE, etc.). For 3-conductor 
pil filled shielded cable with round conductors, the 
accuracy will be excellent. If the conductors are 
sector-shaped, good accuracy may be obtained by 
using, the equivalent round conductors. For ordi¬ 
nary 3-conductor cable with solid filters and no 
shielding, the accuracy will be. only fair. r 

• m . • •• • ... . '><* V ■ 

v # Flbctricau Engh^ering 
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l.0z=u n R 1.2 

Solution for Abrupt Load Change ^ 


' For any abrupt load change such as illustrated in 
Fig. 1 the equation-'for the temperature at any point 
x in the cable at any time is : ' . 


T = 2 e-w CJi (tuc, K.) + log | 


—(log *Vfc, + (Jf/ + IF,' + IF,*) E + r. 
* - ■ r ■ ... (1) 

'•where 

(For notation see List of Symbols) 


Instructions for Using Charts 1 and 2 

1. Lay Chart 2 over Chart 1 so,that the Z a*es coineide, 
and Z = R/r on Chart 2 coincides W'jjJv Z — 1 on Chart "j,. 

2. Interpolate on Chart 1 the sequence of curves for Mi and 
interpolate on Chart 2 the sequence of curves for Mi; N. 

3. Note the points where intersections oedlr between the 
interpolated curves of Charts 1 ancl.2. Three int^sestions* 


are sufficient 






For conductor temperature, x is replaced' by V, and 
for sheath temperature by R. The Component oil 
demands contributed by shrinkage of th^cgnclucto?, 
sheaUh, and insulation are, respectively: , 


• _ » .... 

4, For the n points of intersection, read off* K n from the 

vertical scale. Also read off Ru n and ru„ from the horizontal 
scales of Charts 2 apd 1, respectively, starting at the left 

Note: Injorinted copy where Chart 2 is not transparent or 
removal permitted, it is convenient to trace the z axis, the inter¬ 
polated P ecurve for desired* value of Mi and sufficient, 
identifying IbsciSsasz from Chart 1, on transparent paper,'and 
to lay this tracing over Chart 2 with proper horizontal shift 
R/r (to the right), after which intersections may be found as 
already describ&l. 


<h 


~ 2 «„»«-*•< C.F. (w,,r, &,) 


a% = ^u.*e-^C.P.(thR,K.) 




Fi (u„r, Kn)] • 


ty and the/total oil demand is: 

(i) a = fa ~~ {h ^ <* * * • 

* The Values of u n afod X are obtained from n 
(4) successive intersections (3 are generally sufficient) 
of the curves of Charts 1 and'2, which are entered 
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Table I—Properties of Cable Materials 


• . 

. Material r 


Specific 

Gravity 

Weight 
lb/cu in. 

e 

Joules/cu cm/°C 

Joules/co in./°C 

Joules/lb/°C 

Thermal * 

Resistivity 

°C/watt/cu cm 

. r . * 

Water * % * 

r • 

1.00 , 

0.0361 

4.18 

68.6 

iaoo 

171 

Copper 


8.95 

0.3230 

3.44 

» 66.4 . 

175 

0.285 

l<$4 


11.37 

0.4110 

1.43 

23.4 

57 

2.990 

• Transformer oil 


0.90 

0.0325 

15 1.90 

3*1 * 

957 i ^ 

611 

Dry paper 


1.41 

0.0508 

2.26 

37.1 

730 

779 

Oil filled insulation 
-*-*-iP- 


1.15 ' 

0.0415 

- 

2.16 

-,-.- 

34.5 

832 

- |t 

550 r 


The weight of Jptjji sheath is 15.5 Dd lb and its thermal capacity is 883 Dd joules per deg C per ft, where D and d are the #>erage diameter and thickness in inches. 

Qi 


_ ft 


with values of U x = M, = ^ 5 , and 

—. The functions F„(u n x, K n ) are obtained from Chart 

3. The functions Fi (u n x, K n ) are obtained from Chart 

4 . Values oh C n are obtained from the following equa¬ 
tion: 

- S - CnFoiUnX, Kn) '= A Wc £ log - + . 

# • Z7T X .-•••* 

• .^(logjYlogf) , . 

AWi —> - V -L + (aW„ + AVi + ATP.)E 

4ir log — * 

0 f » e 

♦ 

by evaluating all terms except C n for n different 
values of x, and solving the resulting simultaneous 
, equations. Values of C n should be calculated for 
unit change in copper loss, ^electric loss, and sheath xhe generalized oil flow equations are similarly 
► loss separately. Eq 1, 2, 3, and 4 will then yield obtained by substituting LAW, t) for in eq 
“unit”* transients. These need be calculated only 2* 3, and*4. y 4 

once for a given cable, since .for any particular The last 4 terms in the above equation differ from 
problem the unit transients can pe proportioned agd the corr^sponding terms in the rectangular solution 
added together in any ratio and combination desired, only in that instead of using the constant watts lost 
which is the work of but a few minutes* All quanti- #aftei*the transient, indicated by the superscript 
tips, such as*#, ff, R, W a ,c, etc., m.the expressions the variable watts loss during the transient, indicated 
.for temperature and oil flow transients are readily ^ subscript (& is used, as explained below. The 
obtained from Table I, or by well known methods 'summation term is identical with the corresponding 
winch require no explanation. _ . * term in tha rectangular solution, except that L n - 

^he o^ flows obtained from eq 2 , 3, and. 4 will be (W, t) is substituted for The load function 

shghdy m error for the first fpw moments of the L ( Wf t ) is known & the Duhamel Integral, and for 
' transient, becofise only a few terms m the mfimte the present purpose is a& follows: 
series are used in obtaining numerical values, and the • • 
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Chart 3. Functions*^ 


neglected terms are appreciable when t is very small. _ , TT7 . H P /TT7 WN • . 7 v "1 

The following correct expressions should be used for J (Wt W 0 )e dt {Wt — W„) 

the' initial instant (£ = 0 ): . • • _ ' • . . 

Where the losses (TF), can be expressed as a 
mathematical function of t, the integral can be 


a, - '- 6-wM 


r/ 


- - XwM' (is = -AFi- 

- ft . q 


^Solution for General Loading 


formally evaluated. For practical load curves this 
is seldom me case, and graphical or step-by-step 
methods must be employed. For the step-by- 
\ step method the load function is easy to evaluate 

The rectangular solution is readily generalize^ wheh # reWritten in the following approximate form: 
Calmest by inspection, through a well known applica- • • : ■ 

tion 6 f the superposition principle. For the entirely L (w*\ = f x * A ,,_ Xw i s Wt ~ Wo 
^general load curve of Fig. 2 , the general solution fo* . . • JL " • 0 

temperature at any points is: * 


\nt v — (Wt 


1* 

- W.j 


(«) 


Icj fax, K.)L.(W, l) - mA log - + 

. . &TC X 




+ v 






. . The e&pression under the summation sign is .to be 
evaluated point by point up to time i (or point B, 
JPig. *2), using equal finite intervals of time At for 
the preceding period. For good aqctiracy, X n A^ 
should not exceed 0.5, and it is best to use the averagb 
. values of {W) t and t for each increment term undfer 
the.summation sigh. V and C n are'^xaptly the 
; same "as for the rectangular Solution. > . ^ 
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* At the instant oi an abrupt (discontinuity in (W)„ 
<*the values of L{W, t) for use in temperature equa¬ 
tions are: 

ALcn = - QWc A Lin = “ AWi ALan = - AW. 

and for oil flow equations, the Correct values of oil 
flow are calculated directly from: \ 

Aai = - A W e “Ao# =■'- AW. ^ Aa 3 = '- AW< - 

* vi « V2 g 

for the same reasons%discussed in,connection with the 
solution for rectangular load change. 

• • . « 

Pressure Distribution In Insulation' » 

The principal object or purpose of oil filled cable is 
the prevention of free gas spaces or open voids in the 
insulation. One of the chief caus’es of’formation of 
such voids is the thermal shrinkage of the oil during 
decreases in cable loading. With the complete 
solutioh of t&e thermal transient available, a thor¬ 
ough investigation can be made^of the possibility of 
. this happening from an oil ^pressure standpoint for 
any assumed load conditions. 

*• ‘The pressure drop across the wall of insulation 
* depends on the resistance of the paper tapes to radial 
oil flow. The iflSulation of commercial gables i$ 
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Chart 4. Functions Fi 
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often arranged in zones, the density of the tapes being 
^different for each zone*, It is necessary to know the 
dimensions of these 'zones, and thedr respective 
coefficients of friction to radial ^oil flow. • Actual 
values for the latter have been found to range from 
„50 to 500 near the sheath, and 400 to 1,000 ngar the 
conductor, the units being (lb per sq in.) per (in. 
^cube) per (cu in. of oil per hr) for oil having a vis¬ 
cosity of 50 centipoises. * • 

The process of solution for the radial pressure drop 
due to a rectangular load change is sufficiently 
illustrated in Fig. 3. In part«2, a 3 is obtained from 
eq 4 by replacing r by x if oil feed is from*a hollow 
core only; for feed from sheath channels only, x 
replaces R. For general load variation the general¬ 
ized form of the rectangular solution should be used. 
The calculated pressures, part 4, must .of course be 
altered by an additive constant for hydrostatic 
pressure so as to make the pressure at the inside, (or 
outside) radius of the insulation equal to the pressure * 
in the oil core' (or sheath) at the moment finder* 
consideration. If the final resultant pressure is 
anywhere less than the partial pressure solution of* 
gases absorbed in the oil, then-presumably vbids will 
form. j „ 

Following the procedure outlined, a graphical 
solution of the radial pressure drop was computed for 
one of the oil filled cables installed in Chicago. 
Under the most severe conditions of dropping load in . 
the winter, the radial pressure drop was only a 
fraction of a pound per square inch, or fhuch less than , 
.the minimum permissible oil pressure in the core. 
In the* present design of oil filled cables,, the radial oil 
pressure drop is insignificant because of the small 
viscosity of the oil. However, in solid cables witfi 
thick compound this is not so, aqd the ty]pe of 
analysis given above is useful in determining intern al 
pressures and vacuums developed during load varia-. 
tiohs. * 

Verification by Field and La§oratory<*Tests 

<* • 

The theoretical methods have’ been-fofind to give* * 
results in close agreement with actual measurements 
in every case which has been checked,, For ex¬ 
ample, the curve of Fig. 4 was selected at random* 
from*a Series of" tests made at the ifniverslty of 
Wisconsin. The calculated points are shown by the 
circles. The agreement between*calculated and test’ 
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(l) TEMPERATURE DISTRIBU¬ 
TION IN CABLE 
.•NOTE* 

FOR ag SEE EQ. 3 
FOR»*3 substitute X 
FOR R IN EQ. 4 
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fig. 3. (Left) Solution for - J 

racial oil pressure, drop in.s 

cable insulation * Si 


,. „ r R ’ Illustration is for cable having oil 

(3 Across ( 55y^MENT P . fee3 from febllq*v core only 
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Fig. 4. * (Right) Copper tem- ^ 
perature transient due to o 
abrupt change in copper losses | 

Single-gonductor 50Q,006 -<SIt) # 
» total radial PRES- cabie baving 26/64 in. ^dmary ' « 
* « sure drop irisulation and 7/64 in. lead sheath 
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values is almost perfect except for the latter part of 
the transient. The disagreement is due to the fact 
that in the test, the heating'current was kept con¬ 
stant. • This resulted in a continuous slight increase 
* in the conductdr losses, due to the rising conductor 
temperature. It was not thought worth while tq 
. include a correction for this residual effect in the 
calculations, which are based on the assumption that 
the conductor loss remains constant after the tf-an- 
sient is initiated (see Fig. 1). The last few calculated 


Conclusions 


1. A simple solution has been obtained for cable transients due to 
a rectangular load change. The theory has been verified by measure¬ 
ments on actual cables of the ordinary and oil filledrtypcs. 

2. Mathematical and graphical aids have been developed which 

greatly reduce the time r and labor required for numerical work. 
Solution and verification‘of a complete problem formerly required 
about a week. With the aid of the new methods, the same results 
can nbw he obtained in one day. * 


ppints, therefore, fall slightly below the test points. 
Field tests in Chicago on 2 132-kv oil filled lines 


3. The transients due to load variations of any complexity what¬ 
ever have been solved by usmg the well known superpositidh theorem. 


Any desired degree of accuracy can be dbtadned. 

• r r 

4. The duct temperatufe transient is 'of importance in problems 


provided an opportunity of testing the theory from 
every angle. In the field tests, a heavy load (200,000 
kva in one cage) was suddenly thrown on the line, 
maintained as nearly constant as practicable for 
several hours, and then suddenly switched off. 
Records were obtained of cohductor current, volumes 
of oil in feeding reservoirs, and oil pressures at various 

* locations along the line. . 

* The tests were entirely reconstructed by theory, 
# the only known factors being the constants of the 

<jablb, the l«#ds employed, and the duct temperature. 
The results are shownun Tables II and III. Table II 
provides a check of the slope of the temperature 
transidht curve, as well as of oil flows, since the oil 
flow depends upon the rate of change of temperature. 
The agreement is good, and most of the error proba- 
• bly lies in the measured values, since the type of oil 
reservoirs used made it impossible to obtain precise 
1 oil volftme measurements. Table III provides a 
check *of the ‘acthal cable temperatures as well as of. 
oil pressures f since the pressures depend on the oil* 
viscosity and therefore on the cable temperature. 
The -close agreement between measurement and 
calculation in Table III is a further indication that 
the calculated values of Table II are more precise 

* than the measured values. An unavoidable error 
•Was, of course, introduced in all the calculations'by 
the necessity of assuming that the duct temperature 
was the»same throughout the length of the cable. 
.Actually the ^iuct temperature probably varied 
considerably from manhole to manhole. 


ofr variable loading, but has not been adequately investigated. 
Further work should be done along this line. 

5. Some of die constants, needed for use in thermal and oil flow 
problems of cable insulation are relatively new. Many of the 
values now in use for these constants are based on only a 'few 
scattered observations. Further'laboratory and field data should 
be obtained. < « 


List of Symbols 


t 

r 

R 

x 

Qx 


2 

«*> 

w 


time in second * T 

inside radius of insulation * 

outside radius of insolation r- 

radius of cylindrical element considered' 

total thermal capacity of copper conductor and free oil in ' 

strands and core (if any) per unit length. Joules/deg C 

total thermal capacity of sheath, armor, shielding 'tapes,*' 

and free oil in channel or sheath flutes (if any) per unit lengthy 

specific thermal capacity of insulation per unit volume 

specific thermal resistance of insulation, per unit vdume 

dielectric loss per unit volume at unit voltagb gradient 


Table III—Comparison of Measured and Calculated Oil 
Pressures .In Cable fores During Heat Runs on North west- 
* Devon 132-Kv Cables 


« Table 11—Comparison of Measured and Calculated Maximum 
Rates ^of Oil Tlow-During Heat Runs on NorthwesfDevbn 


# 

• • 


•132-Kv Cables 




Line 7,401 

^ i"« 

* Load-Am’p 


• Max Rate of Flow ^ 

Gal per Hr 

Initial 

Final 

Measured* 9 

A. 

Calculated 

160 

V 400 

420 

160 

6.6 X 10"« • 

7.3 X 10-< • 

7.2 X 10-« • 

7.0 x id-# 

: w : ; ---—--—- 

• A 


Line 7,406 

• 

Load-hmp 

# 

• Max Rate of Flow 

• Gal per Hr . 

Initial 

Final 

Measured** 

Calculated 

First Test: 

•o' 

* 830 

Second Test: 

0 *’• 

800 

960 

o 

809 

0 

12.7 X 10"‘ 

* 11.3.X 10*# 

*7.1 X*10* 

8.2 X 10-# 

13.1 X 10-< 

11.2 X 10-< 

9.3 X 10-< 
lOftfX io-< 

* Average value for 6 section# 

; ** Average value for 3 to B^sectiqps • 

• • 

862' r- 
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• 
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• • •* 

• * 





r 

Oil Pressure-Lb per Sq In. 



•• 

Sec. • 
Ho. 

Marimnn. 

r Minimum 


M#as 

• 

Calc 

Meas 

Calc 


1 

• 28.6 

Line 7,401 

29.4 

16.6 

14.4 


2 

26.0 

26.0 

12.0 

11.4 


3 

26.0 

24.4 

13.0 

12.6 . 


4 

20.0 

24.1 

15.0 

14.0 


6 

26.0* 

26.0. ^ 

13.0 

12.6 


6 • 

38.0* 

•87.9 

16.0 

16.8 



20.6 

• 20.0 « 

Line 7,406, Second Test 
19.2 

19.6 

8.0 

8.0 

7.3 

6.2 



10 . 0 ** 
_■■■ 

8.6 

2.0 

2.1 


* Estimated. Bolsters were re&raneSted at peak pressure. 

** Balanced*pressure section. Reservoirs disconnected at one end. 
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thermal resistance, sheath to duct, per unit length <* 

thermal resistance, copper to sheath, per unit length * , 
temperature deg C at point and time considered 
# du<S*temperature 

watts head: flow across cylindrical element at* , • 
watts copper loss 

Pratts dielectric loss per unit length of cable 
wattSseheath loSs 

total volume copper conductor and free oil per unit'length 
total volume inside of lead sheath or inside of shielding tape, 
if any 

effective volumetric thermal coefficient of expansion of 
copper core and free oil combined, per deg C 
effective volumetric thermal coefficient .ofc expansion of 
insulation, oil and papa: combined, per deg. C 
effective volumetric thermal coefficient of expansion of lead 
Sheath, corrected for free oil in channel or sheath flutes; if 
any V 

•rate of oil flow contributed by conductor and core, cu cm 


per sec per unit length. 




Electrical Engineering 

' • . . ‘''a !».*• '• j* 




• • 


a* = rate of oil flow contributed by lead sheath shrinkage or ex- 
* mansion, corrected for oil in flutes or channels, if any 
a* = rate of oil flow contributed by insulation 
a =* total resultant rate of oil flow, per unit length 
P = resistivity of insulation to radial flow of oil of standard 
viscosity 

n .= correction applied to p to take account of abtual viscosity 
of oil , , f 

A * finijte inerem'eht of quantity considered 1 

Thermal constants” aije assumed independent of temperature 

Subscripts^, i, and s refer to conductor,* insulation, and sheath, 
respectively , a 

Superscript (') indicates conditions before transient» 

Superscript (") indicates conditions,during and after transient ,, 

All logarithms are to base e. « * » 


A Rotary 
Voltmeter 


■* * 


A new electrostatic voltmeter for measuring 
either a-c or d-c potentials has been'’de¬ 
veloped; it has a range limited only by its 
insulation, possesses high accuracy, a'nd 
draws np current. This article describes the 
new meter and some of its uses. 


PAUL KIRKPATRICK 


Stanford Unlv., Calif. 
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ESCRIPTIONSof high voltage volt- 
* meters by the dozen may be found sprinkled through * 
the literature of engineering and physics? and in the 
, face of this wealth of invention the'proponent of yet 
a new one feels required to justify ids entrance into 
tfye Well filled field. The defense offered in ihis case 
lies precisely in this abundant bibliography and in 
the thought that these continued and varied efforts 
strongly suggest a problem still unsolved. In¬ 
struments excellent in some respects have, generally 
purchased such excellence by sacrifices in otlfer re¬ 
spects. Highly accurate electrostatic voltmeters 
acting upon attraction or repulsion principles’ have 
been Constructed, but unfortunately they are non¬ 
portable, non-linear, and dependent upon other ** 
meters for their calibrations, 1 * Spark gaps are rugged, 
portable, and simple to construct, but their liftiita-* 
tions in otlier respects are too well known for com- 
jnent. Wire-wound high resistances of good design, 
used in conjunction with a galvanometer or potemi- . 

^ —-1--2—--- J _ 
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ometer^ are accurate and highly satisfactory to those 
who can afford them, q,t least in constant potential 
applications. In some cases, however, the load which 
they impose upon a the high potential, source is un¬ 
desirable. 

* The instrument to be described here operates ac¬ 
cording to principle? which are thought to be new ‘in 
high potential measurements, an<j accordingly it pos¬ 
sesses a set of characteristics not duplicated in other 
existing meters. Fortunately, practically hU of the 
well-known defects have been -avoided, and no new 
ones have appeared during a .testing period of more 
than a year in routine service, unless the ndise pro¬ 
duced by the running of a small motor be accounted 
a defect. 

Briefly this is a rugged and portable a-c* or d-c 
voltmeter of unlimited range, high accuracy, short 
period and linear scale characteristics. It draws no 
current, has no detectible temperature errors, and is 
not unreasonably difficult or expensive to construct. * 
The indicating instillment is at earth potential and* 
may be located remote from the rest of the meter.* 
The calibration bf this meter inheres in its cgnsfruc.- 
tion and may be established without recourse to any 
high potential manipulations'whatever. 

Central unit of the meter is a contrivance* which 
may be called an electrostatic generator. It has 
several points of analogy with a simple 2-pole, sepa¬ 
rately excited electromagnetic d-c generator. In the ‘ 
electrostatic generator a simple armature rotates in 
the electrostatic field existing between 2 pole^ pieces 



Fig. 1. Simplified dia¬ 
gram of essential parts 
of the rotary voltmeter 




Kotential difference «be- 
frweerffthe horizontally dis-» 
posed pole pieces Is read 
fron the galvanometer 


whose difference of potential is to be measured. 
The armature, driven at constant speed by a syn-„ 
Ohronous motor, generates a ^direct current which is 
directly proportional tp the potential difference ap¬ 
plied to the pole pieces. This generated current is* 
conducted to a Suitably calibrated galvanometer or 
^croammeter, from which the* value of the applied 
potential may behead directly. The whole assembly 
is termed a rotary voltmeter. * 

• Essentials of the meter are shown in Fig. 1. I'he 
so-called armature i§ a piece ©f metal tubing which 
has been sawed longitudinally into 2 equal semi¬ 
cylinders. These are connected electrically ofily by 
the path leading through the commutator and gal¬ 
vanometer. When fche metes is in operatioif, the 
galvanometer recei^s^ a pulsating direct current 
the average value pf which, as shown by simple 
theofy and many experiments, .is given by the for¬ 
mula I = : 2CVrt, in which V jg the applied potential 


1932 


*863 





• Fig. 2. Rotary voltmeter for measuring potentials 
1 * ‘from 1 volt to 140 kv; complete except for galva- 

• • nometer * • 

• 

(here supposed constant) n the speecl of rotation of 
the armature in revolutions per second, and C the 
capacitance of a systerh comprised of the armature 
and one pole piece. This Equation has been checked 
exhaustively on 3 different generators, in many cases 
with all relevant quantities independently measured; 
it holds rigorously over a wide range of voltage. 

The generator shown in Fig. 2 was built for mea¬ 
suring potentials, up to 110 kv. The upper limit is 
set only by the limitations of the insulators and the • 
width of the'gaps between the pole pieces and the 
rotor. The wide range of potentials measurable 
with this meter and the proportionality existing be¬ 
tween potential and generated current over the entire 
rdnge are displayed by the graph in Fig. 3. The 
* circled points represent corresponding values of inde¬ 
pendently measured applied potentials and generated 
currents. Currents such as those designated at the 
lower end of the “graph require a rather sensitive 
•galvanometer ,f»r their measurement, but up in the 
practically useful jDart of the range a portable micro- 
amifreter of the pointer type or a switchboard micro- 
ammeter fc perfectly adapted and most convenient. < 

Calibration constant of a voltmeter of Jhisi type 
may; be determined^ either by applying a known po¬ 
tential of a few hundred volts and measuring the 
resulting current, or by measuring the capacitance 
C and taking account of the known speed of rotation. 
"Both methods have been found to be practical and 
easy and the resulting calibrations \o be correct to 
within a small fraction of one per cent. It is found 
inmost cases that the accuracy of the rotary volt- 
mete? is simply the accuracy of the indicating instru¬ 
ment itself. Calibration methods have been more 
fully described in nnother article published in Review 
ofi Scientific Instruments, v. 3, 3J932, p. 430-8. 

As mentioned previously, the rotary voltmeter is 
useful for measuring alternating as well as direct 
potentials. Close analysis of the generating process 
shows that the only patented •difference of signifi- 
; eahce in the equation / = 2 CVn is the potential dif-• 
ference existing when the semi-cylinders of thq*rot©r 
are turned directly tqjvard the polfi pieces, that is, 
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Fig. 3. Experimental calibration curve for the 
instrument shown in Fig. 2. The curve is straight 
* and agrees with the theoretical equation I — 2CVn 
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ONE SQUARE - 20 ELECTRICAL DEGREES 


•'864“ 


r - 

• • * 
. • 


Fig. 4. Potential wave form across the secondary 
terminals of a high voltage transformer, as determined 
s with the rotary voltmeter 

- • • . ' : 

at the instant of commutation. In other words, the 
generated current is ptbpoftional to the instantaneous 
value of the applied potential at a certain instant 
during the rotation. If the rotor is driven by a 4- 
pole synchconous motor connected to the same poyref 
system as that which furnishes the potential to be 
measined? this instantaneous value recurs identically 
twice in each* revolution, that is, at each commuta¬ 
tion point. ‘The voltmeter then measures this in¬ 
stantaneous potential, regardless of the potentials 
that may obtain during other parts of the cycl^. " 
By advancing or retarding the rotor in its synchro¬ 
nous. rotation various potentials along the applied 
voltage wave may be determined in tipm and the 
entire Wave form expeditiously plotted in a point-to- 
pqjnt manner. This control of the rotor phase hp# 
been accomplished in twb ways : by bodily rotating 
the r motor a portion of a revolution about* its own 
axi§; and by* operating the nfotor on current"fronTa 
’ • - v • 

# : ; • Electrical Engin&erxnO' 




- • • 


• > - 






•W ' ’ 

’phase shifting transformer. -The latter method, 
’which has the advantages of greater simplicity and 
convenience, was employed in determining the out¬ 
put wafe form (see Fig. 4) of a high voltage trans¬ 
former. ' . 

High potential wave forms for various conditions 
of rectification, filtration, and load have been deter¬ 
mined by this method. When it is desired to mea¬ 
sure oqjy the peak value of ag alternating potential 
the rotor phase may be set for the maximum gener¬ 
ated current and l$ft in 'that .adjustment. * These 
voltmeters so far have been, used only m a few experi¬ 
mental X-ray laboratories* but their dependable and 
inconspicuous performance .in* these cases suggests 
that they will be fofirid useful in a variety of other ap¬ 
plications. 
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Pneumatic' Tired 

' Diesel Electric Rail Car 

» , ' ’ » 

■% 

A DIESEL electric rail car having a 
body of stainless hi-tensile steel construction and 
running on pneumatic rubber tires has recently been 
delivered to the Reading Company. -Much funda¬ 
mental development work in the building of this 
.47-passenger car was done by the E. G. Budd^Manu-, 
facturing Company, involving the forming and 
handling of thin sheets of steel, and requiring con¬ 
siderable research into methods of welding. As tlfe 
result of this work the weight of a self-propelled car 
of a given seating capacity has been reduced to 33 
per cent of the weight of the accepted passenger 
coach having no power qs used on Class I roads. 

The front or power truck is equipped with’a 125-hp 
Cummings diesel engine directly connected to a 
Westinghouse 250-volt generator of special light’ 
weight construction. In the power truck also are 
mounted the batteries apd ^control: ’The rear or 
traction truck is a single high speed Westinghouse 
motor mounted under the bolster. ,The double 


extended shaft drives the frofit and rear a xl es of the 
traction truck through a Timken differential worm 
gear having a ratio of 9.1 to 1. 

The trucks, of unusual design, are of light weight 
construction. The power truck has’a “shot-welded” * 
'stainless steel frame weighing 281 lb, while with the * 
engine, generator, batteries, axles, wheels, etc., the* 
.total weight is 6,990 lb. In % traction truck the 
shot-welded” stainless steel frame weighs but 230 lb, 
whereas the motor, axles, wheels, etc., make the total 
weight 4,315 lb. . , 

The interior of the car is of extremely simple 
design, the vestibule being free of any obstruction 
from the engine. Lighting receptacles are recessed 
on either side of the exhaust ventilating duct which 
runs along the center of the car, resulting in a very 
pleasing and efficient scheme of indirect fighting. 

The windows are permanently closed, keeping out * 
the dirt and much of the noise. An ingenious veinti- * 
lating system takes in air on either side of the oar at 
the step wall and by a motor operated fan distributes 
it along either side of the car. In winter the grir is* 
drawn through a radiator heated by wafer from the 
engine. The air is then distributed by conduits 
evenly through the cah. A radical design of, revers¬ 
ible seat has been used, the double seat with rubber¬ 
ized hair and leather covering weighing but 50 lS. 

Stainless steel marker lights are built neatly into 
each of the 4 comers of the car. Automatic air en- ’ 
'gines operate the side doors, trap doors, and folding 
step, as a unit. The controls of the (jar are,simply * 

' arranged for operation from either end of the car. 

•» * 



The front truck of the diesel electric car. This truck 
c*rrie$ a 125-hp diesel engine and direct Connected* 
250-volt generator. Batteries aijjcl control also av> 
mounted on this truck. The rea& truck, not Shown, 
carries the traction motor 
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Pneumatic tired diesel elec¬ 
tric rail car of stainless hi- 
tensile steel construction. No 
paint is used on the outside 
oh the* car, the stainless steel 
permitting a permanent luster 
finish. The car is 51-ft in T 
length, weighs approximately 
22,000 lb, and has a speed 
-of from 50 to 55 mph. The 
tires are 33,* 4Vz in., and 
carry a^pcesjure of 95 lb ; 
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Oil-pressure, water temperature, and engine speed are 
all relayed by light circuits. f • 

The rapid‘acceleration of the car, the riding 
qualities of tiie* pneumatic tired wheels and the ex- 
* el us ion of noise and dirt combine to'give an extremely 
pleasant reaction to the passenger. When properly . 
•applied economies may be secured by this type of 
high speed light vgtight self-propelled car whjch , 
should make it attractive to the railroad operator. 
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; Usury 
V on Labor 


Too great success In cornering our mediums 
of production is considered responsible by 
many Tor our present industrial instability; 
the result is usury on labor. This is the 
fifteenth article in the Engineering Founda¬ 
tion's symposium "Has Man Benefited by 

Erfgineerfog Progress?" 

• • 

By 

. ROBERTSON MATTHEWS • 

: « 

Research and Development Engineer, Bolton, Canada 
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iA^HINES now idle that were run¬ 
ning 24 fir per day in 1928 and *29, create a situa¬ 
tion‘demanding correction. Not many years ago 
we had a moneyed class able to aid liberally in the 
“support of «educ#tion and general culture, .with 
machinery operated 10 hr per day; witn better 
madnnes •running 2& hr our moneyed class has not 
been able to keep the business ship on an even keel* 
nor to provide those conditions which history shows 
are usually h preventive of radical measures and 
social unrest. After 2 or 3 yr *with machines 
mhnned by shock troops *24 hr per day, we ar^ 
having more than 2 yr with those machines largely 
idle* *The cause is declared an obscure mystery. 
What we learn from this mess is going to depend* 
upon what we do about it. * 

Our sires’ thrived on the lCf-hr day. We have 
more machines, better machines, a more elaborate 
Arero^ation; and in many lines we are overtooled. 

commodity appears to be attractive 
many, rus£ to make it. Where 
hie, 24-hr operation i»«taken as 
f system capital thus .leads 
ing like an engine without a 


• * 

governor; but systems, like engines, f can destroy ; 
themselves if ungovemed. * , r 

Now we know (after being forced to learn) that 
long hours of labor per shift are not best for edonomic 
production and social progress. Is it not, there¬ 
fore, possible th^t 24-hr operation, ^pf machines, 
though admittedly representing 10(f per cent load 
factor for money invested, has some wide influence 
which is highly pemjpious* to business anc(, social 
harmony ? May not more cooperative planning, even 
internationally, be essential in order to govern the capi¬ 
talistic engine as now massively and highly developed ? 

Success in business has* too long been significant 
of predator^*characteristics; but has any national 
organization based upon war and predatory behavior - 
long survived? Why in peace time the pressure of 
24-hr operation of machinery? Under;what cir¬ 
cumstances i§ it ’serially permissible? What re* 
lation should hours*of machine' operation per day 

bear to hours of labor for each shift? 

• r 

f" r 

Cornering Has Been Going On „f ok Ages r 

• * .. 

• • • 9 

For ages there have been attempts by some 
members of a community to corner the prevailing r 
medium of exchange, and to release it for use by r 
Qther citizens only on prepayment of excessively 
high interest?. This is usury on money,’’and there 
are state laws respecting it. Respecting mediums 
of production we still are without proper correctives 
against cornering. Too great success in cornering 
our mediums of •production, among which labor 
takes first place, is considered responsible by many 
for our present industrial instability. Before society 
can %nioy the activities of labor and benefits from / 
engineering progress, a few persons who are in con- * 
trol demand an over-large portion of the returns 
f&r themselves. • In short, the result is usury on labor . 

Social welfare and stability demand, therefore, 
that all workers shall share in the greater returns 
from an improved load factor of a jnanufacturing 
plant. Should the market warrant 12-hr opera¬ 
tion of machinery, thetf let there be, say, 2 shifts 
of 6 hr each; if 20-hr operation, 4 shifts of 5-hr 
*ach; if 24-hr operation, 6 shifts of 4-hr each, " 
the pay to mnain. approximately the same per shift. 

With such'pay, employes could bettor meet ^ the 
fluctuations in employment likely to occur for some 
years, until .we arrive at a better sodal-industrialr 
organization.* Tfiis procedure would offer to all 
concerned fen manufacture an incentive for improy— 
ing the product and its market. The unequal hourg 
in different industries might draw the better grade 
of workers td places where the hours were most 
favorable. This .would be placing benefits among 
tnose wsrkers molt likely to benefit society* and 
whose‘betterment would provide opportunity for 
''their higher self-development and culture with 'more 
inspiration for their children—social stabilizing con¬ 
ditions such as are becoming eliminated in the present 
militarised industry with the larger benefits and 
privileges going to an extreme few at the top. „ * 

1 ——-—:—___—.—_—;—_—_—:—c__• 

Editors IJote: Pursuant to the invitation of the Engineering Foundation, the 
edltor§ will be happy to receive comments, cri^pisms, or discussions pertaining tp 
this or other articles published in this sertes. * '' 
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Teleph one 
in Large Buildings 


; Design of telephone facilities for large 
. buildings requires the careful consideration 
of a large number of factors to insure that 

the telephone plant* shall* be used with the 

- maximum degree of efficiency. Thefactols 
* which must be„consi^!ered are outlined in 
* this article, which is a portion of the authore’ 
’ complete paper on the general subject of 
cables for telephone distribution. * 
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Both of the Chesapeake and 
Potomac Tel. Co."Baltimore, Mdf. 
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LANNING of telephone facilities for 
large buildings is a problem which riyals in impor¬ 
tance the planning of the telephone, distribution sys¬ 
tem between the central office and the customer’s 
premises. Telephone cables used, for distribution 
within a building are termed “house** cables. Close 
cooperation is necessary between the’telephone engf* 
neer and the owner, architect, or contractor in order 
that the house cable system may be ^designed to 
conform to th<* building layout, and in order that the 
building plans may include the provision, by the 
owner, of the necessary s&tfts, conduit, cabinets, 
and other housings for that house cable system. 

Building Cable Design * 

In considering the problem of furnishing telephone 
-Service to large buildings, it is quite impracticable 
and uneconomical to place a pair’of wires through 
# t^e building each time a telephone is required. 
Buildings of these types are generally given service 
by means of house cable which is placed iir thq, build¬ 
ing during its construction, and provides facilities 
which will permit convenient and, efficient csonneo- 
tions^of telephones at any locatioh within the build- 
irig. The house cable system is usually designed to 
meet the maximum requirements t>f the building*' 
with sufficient flexibility to care for any changes in 
the relocation of the telephones or for any rearrange¬ 
ments to the building. * * 

*, These systems usually consist of one or more riser 

———— - —— - — •;•••; > 

Full text of, a portion of “Use of Cables for Telephone Distribution Purposes” 
OTo. 32-12.1) presented at the *A.I.E.E. Middle Eastern District meeting, 
fialtimoiftr Md., Oct. 10-13* m2. * w - 
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cables^ starting directly from an entrance cable *or 
tfrom a main cross-connecting terminal or tr ain* 
the basement, and extending up through shafts or 
conduits of the building. -Brandi cables on each 
floor are terminated at suitable distribution points- 
-by means of floor terminals, where connection s are 

made to the subscriber’s telephones by wires. ' . ' , 

-» genei al arrangement of the hquse cable syst em 
is almost identical to the general ,outside plant ar¬ 
rangement in a central office area in that the riser 
cables may be likened to the main underground 
cable, the floor branch cables.tfc the subsidiary distri¬ 
bution cables and the floors themselves to iftdividual 
blocks or areas along a feeder route. 

Class of Buildings * 

« 

For the purposes of hduse cable design, large build- 
mgs are put into one of 2 classifications, depending 
upon the expected permanency of stations, both as* 
to number add location, as follows : ; • .. • 

Office and loft buildings in which telephones do not remain fiyprU 
ather m number orriocation fof any extended period but varV with 
the requirements of the individual, who will use more & less tele¬ 
phone sera<^ according to respective activities. 

2. Hotel and apartment houses in which the number and location of 
telephones are fairly definitely fixSd by the number and arrangement 
of rooms or apartments in the building and the telephone* service < 
required by successive occupants is approximately the samp , 

Planning for Requirements 

4 

Unless suitable housing facilities are. provided in * 

* advance for accommodating cables ani wires and for 
passing them through the walls and,flobrs, either ex¬ 
posed telephone installations will result in unsightly 
conditions, subject to possible damage with 'subse¬ 
quent undesirable effects on service, ,or expensive 
costly alterations may be required after completion 
of. the building to conceal effectively all cables and* 
wires. These systems of housing facilities include 
cable and wireshafts, conduit boxes, molding race¬ 
ways, underfloor ducts, etc., and are designed# to 
conform to the ma xim um requnemtfljts. in common . 
with the water, gas, electric light, qnd power conduits 
as an integral part of the building: The vertical ac¬ 
commodations (for the riser cables) start from the 
basement and rise to the top floor^conhecting £t*the* 
various floors with horizontal housing facilities, and 
junctions between cable conduits are effected by 
Itneans of splicing closets or splicing and te rminal 

. fcwxes whereby complete passage is afforded for 
cable and wire from the basement to the location of 
the station. * 

* Consideration^ given Id the intended present and 
future use of a Building, the character of its location 
and average rental value in order to design th<? cable 

•plant to meet the conditions. Experience has shown 
that maximum circuit requirements haye a definite 
relation to rentable or productive floor area and this 
relation is the basis for both house cable and housing 
system design. Pair density factors expressing the * 
relation between rentable br*usable floor’area and 
cable pairs provided hgive been developed for certain 
cities by*<an analysis of the use being made of house 
oabl^ in existing buildings. From these data broad 
averages have been, derived in the form of ranges of 
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the number oi riser cable pairs per unit of floor area 
which'would provide liberal facilities for the develop- * 
ments realized. These factors are used in determin- 
^ ing the amount r oh facilities to be provided in any 
m particular new problem by applying them to the 
rentable or usable floor areas/ 

f 

• Cable Entrance a^d m , 

Main Cross-Connecting Terminals 

•The cable entrance point is selected with the.ob¬ 
ject of establishing tlfe shortest satisfactory route 
from the point of connection with the feeder system. 
Cables are preferably attached to walls or ceilings 
rather than to partitions which are subject to removal 

# or changes. The number of entrance cable pairs to 
buildings not* served largely .by one # or several local 

* switchboards is determined in the same manner as 
J:he ‘facilities to tj>e provided within the building. 
The number of entrance cable pairs* ip a building 
having private branch exchange service is designed 

• to meet the requirements of one or several switch¬ 
boards; Jthat*is, provide trunk lines, telephone power 
lines, and facilities for ^outside extensions, if any, in¬ 
cluding # a surplus of pairs to insure adequacy and 
also provide central office feeders for stations other 

’ than extensions on the switchboard. In some cases 
the building entrance cable includes facilities for 
• extensions to the adjacent block plant. 

, % The ipain jpross-connecting terminal or frame,* 
l# * shown in Fig v l,.is usually in the basement at or 
• near the foot of the riser shaft or conduit. Th£ spe¬ 
cific loc&tion Shopld be determined upon in advance 
of the building construction in order that the r$- 
quired’space may be set aside and the necessary hous- 
. ing accommodations be installed as the building is 
erected. • * • 


Riser Cables and Housings r 

^ * 

Riser cables, Fig. 2, are designed as nearly as prac¬ 
ticable to intersect the floors at the wire*cefiters as 
determined by study r of the typical floor plans. Spe¬ 
cific location for tjie riser cable housing, is preferably 
a permanent corridor partition or in the wall of some 
public place leading from the corrjdor and easily ac¬ 
cessible without anno < yance f to the tenants ^of the 
building. . * '. „ • • 

In buildings* having large distribution areas eft in 
which each floor is made,up of several distinct dis¬ 
tribution areas, 2 or more*riser systems may be de¬ 
sirable, each being used to serve a definite floor ^jrea 
centering about it. In’ office Buildings containing . 
several riser systems, these* systems are tied together 
at certain floors with conduit of sufficient size to 
house a cable tontaining enough pairs t<3 permit con> 
centrating the entire* floor systein on any one riser. 

Floor cable and wire housings in combination, af¬ 
ford passage for the telephone circuits ffom the-riser 
system to the approximate locations of tjie individual 
telephones. Cable housings extemd r more or less 
directly from the riser to wiring centers on the floor 
where-floor distribution terminals are located and » 
where connection is made with the housings for wire. » 
Thq floor cable housing system must accommodate 
a floor distribution cable plant which prcfvides ade¬ 
quate fadlitie*s to meet the demand for telephone 
service oif the floor wherever and in whatever quan¬ 
tity it mgy be. The first step in the design of the 
system is the deteianination of the number of cables, 
including’ terminals which it will house, their loca¬ 
tion and«size. * In small buildings, where the amount 
of flqpr distribution is not extensive, the housing 
System'm^y carry cables and wires together in such c 
raceways as hollow moldings or baseboards. In most 
■ • ♦ 




Fig. 1. ‘ (Left) Cross connecting frame in building 

Rg. 2. (Middle) Section of house cable system in loft of large.office, 
building, showing* type of riser cable shaft and riser cables * 

* Fig 3. (Right) Section of house cable run in loft of large buildup 
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’ buildings, however, separate systems for cable and 
* wire are necessary, although it is usually quite prac¬ 
tical and economical to place small cables in lieu of 
wire irf housings intended for wire when special 

distribution requirements make^his desirable. 

** 
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Centrifugal Air-’ Cleaners 

* Serve Railway Equipment 

* 

» * • a 
*» ' 

Here is given a description of a" railway 

„ dynamotor-control generator set designed 

* for compactness and fitted, with centrifugal 
aircleanitig'device, as* used on cars for the 

, . Lackawanna electrification. 



By 

M. J. BALDWIN 

ASSOCIATE A.I.E.E. 


General Elec. Co., 
• Erie, Pa. 


A self-ventilating duplex railway machine 

selected for the test as being comparable to brake . 
shoe dust and fine snow, the two most detrimental 
materials normally encountered. Ftjr approximately 
2 years these machines have been in service on 141* 
motor cars, without any trouble chargeable to foreign 
matter in the ventilating air. 

General design of the entire set is shown in th£ • 
accompanying sectional view,where ifmay be seen 
that the radial blades of the centrifugal cleaner im¬ 
part a swirling motion to "the entering air which 
causes all particles heavier than the air to be fhrown 
to the outer casing of the cleaner. As the air is' 
drawn toward the machine by the exhaust fan a 
conical splitter divides air stream; the air near the' 

’ surface of the casing and carrying most of the dirt 
being ejected, and the air remaining at the center^ 
entering the machine. The clean air then i§ divided 
farther: one stream passes over 4 he commutator, 
around the brush holders, through the air gap arid 


T * entering uie macnine. me clean air then i§ divided 

HE DESIGN, and particularly the farther : one stream passes over •the commutator, 
ventilation of the dynamotor-control generator sets aroun ^ brush holders, through the air gap arid 
* used on’the .3,000-volt d-c motor cars in service oft the spaces between the field coils, and out through 
Delaware, Lackawanna & Western Railroad, involve fan 311(1 e^aust openings; the^pther-. stream 
several features which are somevhat unusual &r P^^s beneath the commutator, through the lorigi- 
electric motor car equipment. This set provides a btidinal ducts in the armature cores, and out thrqugfi 
1,500-volt source of power for the compressor and 40 the fan and exhaust ports. 

volts for lights, control, and storage battery charging. AMough the control generator is a lo e w voltage 
To avoid 'encroaching upon available passenger mac bbie and hence not readily, fendered inoperative 
space, the set was 4 mounted feet up under the car by dirt, a supply of clean air 'for % too* is. highly 
body between the trucks where the ventilating air desirable in order to reduce both brush and corn- 
available is likely to be dirty. Because of the long mutator wear by excluding most of the abrasive 
ducts that would hhve been required* it was con- matter from the cooling air. To enable°one cleaned 
sidered impractical to obtain an air supply through an d®one fan to serve the set, the iriotor and the 
the settling chambers provided over the vestibules £ enerator are ventilated in seri^, with the generator 
$o gupply air for the traction motors fr. C. Aydelot, * m second position principally because 0 it is the 
'‘Motors for 3,000-Volt Multiple tfnit^ars,” Elec- samaUer machine and because.the low voltage per- 
* trical Engineering, June 1932, p. 401), The alter- more flexibility in design. However, since 

•fiative of totally enclosing the set also was discussed, tae v ? lum f of 0 air used is so great that the temperd- 
but the machine could be made so much smaller and * ure 1 ? se 01 tae air m parsing through the dynamotor 
lighter if well ventilated that the idea was rejected. Z' 1 ? °about 14 deg 0, th£ increase in generator 
.Since centrifugal air cleaning devices to furnish Slz 5 P re warming of the air is unimportant 

about the same volume of air abe'ady were in use In , an<1 ls believed entirely justified by the lower genera- 
other classes of service, a test machine ■syas con- lor maintenance. ^ „ . . * 

structed with such a device and-tests were made e Amounting the generator\ within the ^dynamotor 
to determine the cleaning efficiency. On test frame, while done primarily to obtain clean *air, 
the cleaner performed creditably, removing 1 * from presents several other advantages ; ( 

the air practically all the denser materials such' as X. To reduce the oter-all length of the set to a minumn, and 

4.%** thereby- nermit a short- stiff shaft- +n«,«u4 it,. 


thereby permit a short, stiff shaft to be used, the control generator 
was made abnormally large* in diameter and short. As a separate 
machine this diameter the weight and Space of:£he generator 
would not be economical) but as an addition.to machine of inherently 
terge'diameter, the weight and space requirements actually are 
less than if a smallm-diameter had be^n used.* 


iron filings and a large percentage of „the lighter ma¬ 
terials suejj as powdered talc. These materials frere. 

■ » 1 -—- -- —V 

^Written especially for Elrctri^al Bnoinbbriko. Not published in jtpmphki 
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2. The problem of obtaining gbod commutation was simplified by 
the short lehgth of core which decreases the sparking reactance 
voltage. • 

3. The large generator 'diameter makes possible a large radial air 
.Space between the be^rihg ana the end windings permitting the 

bearing to be recessed under the fan, thus shortening the set. 

4. Mainftnance cost is less because the control generator need not 
he removed before disassembling the armature, as probably would 
have been necessary "with an overhung design. 

♦ « • 
When operating* at a 2,700-volt average trolley 

potential tne dynamotor will deliver 4.6 amp from 
the* mid«-tap for the operation of the air compressor. 
Simultaneously from tfie control generator a maxi¬ 
mum continuous output of 4.5 kw at 40 volts is 


available without exceeding a • temperature rise of 
' 85 degrees C by resistance in any winding. 

The set is semi-fabricated and weighs 2,630 lb 
complete with air cleaner. Provision is^made for 
convenient inspection of commutator and brushes 
through openings in the frame normally covered by 
flexible strap girdles. To insure against the high 
-voltage of the dynamotor being imposed upon the 
low voltage circuits ©f «the control generator, should 
an arc to ground or a flashover of the low voltage 
dynamotor ‘commutator ever otfcur, a steel flash, 
bairier separates the two commutators which are 
adjacent and in the center'of the set. 


^ • 

Locating Faults - 
in* Power Cables 


Power cable fault locating is at times 
difficult due to a high initial fault re¬ 
sistance of an increase of resistance during 
the'time Ideating is in progress. A method^ 
usiifg a constant current transformer for re¬ 
ducing high initial resistance and prevent¬ 
ing its increase, in connection with a Short 
circuiting*^switch to generate signals for 
locating * the fault, is discussed in this 
article. A practical assembly of this type 
of apparatus foj cable fault locating is de¬ 
scribed .and* operating directions are in¬ 
cluded. * 

• ; 
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By * 

W. P. TAILOR 

ASSOCIATE /J.E.E. 



Consolidated Gas Elec. Lt 
and Pwr. Co. of Baltimore, Md. 


0 Fig. 1 . Front.view of portable cable fault locater 
@ mounted on a iVs-ton trailer ’ 

A 50-kw 6.d-amp constant current transformer is used to fur¬ 
nish current for carbonizing the fault and signaling. The 
low voltage rating is 2,300 volts and 25 cycles." The 2 high 
voltage coils can be connected in.series«or in*parallel; con- 
nection^are by wingnut ancrbdt, with a fiber sleeve for in¬ 
sulation over the connection. Coil position is regulated 
> by the hand wh$el. Steel spark gaps limit the maximum 
voltage delivered. The meters on tfle panel indicate the 
current and voltage being applied to the cable. A200-va 
potential transcriber supplies 2.lights and power to drive. 
, • the rotary shorting switch 


t 


IHE LOCATION of power cable 
faults.has been facilitated by the* design of the 
portable cable fault locater shown in Figs. 1 and 2, 
combining a constant current transformer and short 
circuiting switch with suitable accessory apparatus. 
Twp genend*methods are in use* for locating faults 
in power cables. One of these involves the use of a 
"bridge to measure the resistance of a conductor to 
the fatilt knd thus gage its disfcmce from the test 

Esentially full *ejft of Locating powe? Cable*Fa8lts by Means of a Constant 
Current Transfoftier WiOi Short Circuiting Switch” presented a#l meeting of 

®f£ 0n £. Ma ?' 16 - 1931 ' This paper was avArde 
initial paper I B E Mlddl ^» Dlstnct prizes, both for best paper an 

• ■/' *• • 
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station.* The other method, and the one on which 
this portable fault locater is based, requires a signal - 

# curreht to»i)e passed through the conductor to the 
fault. *With this method an exploring coil is held 
successively a*t different points along the faulted- 

• crfble, arnia^ audi^lfc indication of the fault location is 
giyen by. a head-phone connected to the exploring toil: 

*• An investigation started several years ago indi¬ 
cated that the audible signal method was preferable 
afi<J tffat some scheme was necessary for reducing the 
resistance of high resistance faults, and inaintaining 
the^fault resistance Constant at a low value during 
•the * test period. These requirements Jiave been 
met ih the portable fault locator by the use ofa"con¬ 
stant? current transformer for burning and*re«&dng* 

• • * * . • ..**.***..* • . .***•* 
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* cable faults ^s welT as tke generation of a signal cur- 

• rent,, obtained by means of a rotary switch which 
intermittently short circuits the secondary of the 
constant current transformer. A schematic diagram 
of the cable fault looater is shown in Fig. 3, and the 
rotary, shorting switch in Fig. 4. The great advan¬ 
tage of this method is that the fault is not lost during 
the ^process of locating. A not unusual’and ex¬ 
tremely exasperating experience in fault’locating 
by sorae^other methods is 'thg frequent loss of faults 
due to healing when low voltage signal current is 
aised, requiring repetition of high voltage tests. 

* y 

Fault Reduction 

* • „ - . 

• The previously blown* advantages of a constant 
Current transformer for burning a cable fault are 
^utilized in this equipment. If a fault, exists and the 
voltage applied is high enough to cause an appreciable 
current flow, the fault will commence to carbonize 
and, the resistance will, be reduced. Where the re- 
sistance is ffigh, advantage frequently may be te fcen 
of the fact that the capacity Y>f"the cable in conjunc¬ 
tion with the reactance of the transformer may gj ve 
a condition approaching resonance, thus increasing 


*> * • 
the applied voltage in exqes s of the bpen circui 
i y olbige of the transformer. The different voltage 
which are possible are illustrated in Fjg. 5. A sparl 
g^p connected across the cable eliminates*the pos 
sibihty of dangerous voltages in ,uase there is n< 
, cable fault to retard the rise. 

The initial voltage available for application to* th< 
„ cable can be varied by changing the amount of con 
netted cable capacity or by changing the inductive 
reactance of the .constant ctfhrent , transformei 
through a change in coil connection of position, 
The characteristics of the ^transformer limit "the 
current to a safe value, arid after reducing the re¬ 
sistance of the fault, the current maintain^ tfijg j*g- 
sistance .constant at a low value whil^ the signal 
current is generated by the rotary'shorting switch. 
The nearly continuous carbonizing effect of the 
power current is thus ’obtained simultaneously with 
the sending of the signal. Tests have proved the 
method quite satisfactory in regard to signal quality; 
and in addition a long life of switch contacts is se¬ 
cured due to the absence of high voltage during 
operation of the shorting switch. * * ** 

O « • 

Operation of Cable Fault Locater 



The* portable cable fault locater shown in *Figs. 1 
to 4 is held is readiness in a station where most 
trouble is expected. Tie cables frequently ca n be, 
„ used to connect the locater to faulty cable at other 
stations. The actual operating procedure ifor locat-, 
. m S a cable fault with this equipment may be-outlined 
as follows: 

?• _ As 'soon as a fault has occurred, the cable in trouble should be 
isolated from all apparatus by opening the pothead disconnecting 
switches. No checking for faulty phase or continuity is necessary. 

2. With cutout and oil switch on the locater'hpen, connections are 
' fj-' , 


I $$$%, 


Fig* 2. Rear view of portable cable faulf locater 

Reels hold lengths of insulated leads for connecting to power 
supply, ground, and fatlty cable. These reels can be Ipcked 
in position. Removable handles are used when the leads 
^are to be wound up. Suitable clamps are used on the lead 
ends to facilitate connecting. ’Connection between the 
„ I bads on the reels and the wiring on th'e trailer is "made by 
wingnuts and bolts, with fiber sleeves for* insulation 
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Fig* 3.* Schematic diagram pf cable fault locater 
designed primarily Jar, 13,000-volt pow^r cables 

December 1932 


Fig. 4. Rotary switch for intermittently sftojft 
circuiting the secondary of the constant current 
transformer in order to utilfze the fault ^reducing 
current as signal current 

An electric drill with a*iiniversal motor is used to supply 
power and reduction gearing. The fixed contact is cop*per 
and the moving one ?s sheet brasff or bronze; Oil is used 
in the tank for insulating,and eooling. An indicator needle 
on theatop of the casing and connected by gearing with the 
Tnoving contact shaft shows the position of the moving con- 
\ tact Arfheostat controls the "speed, of the motor 
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* now made to ground, a 2,300-vglt supply (either 25 or 60 cycles) and 
the 13 conductors of the faulty cable at its pothead discoupecting 
switches. (If isolated phase system is*used, test bus can be used, • 
tying in Sit the moat convenient point.) * 

3. The 2,‘300-volt cutout on,the locater is now closed. A lamp 

* now lights, on the trailer’and indicates the supply is alive up to the 
6il switch. The transformer coils are now set at a ma x i m u m dis- 

1 tance apart. * . 

A. After first checking that the rotary switch is open, the locater oil 
switch is closed, and the voltmeter is read.* If the voltage wavers, 
current is being passed* thrdugh the fault and it is allowed to bun* for * 
a while. If the voltagendrops rapidly, the carbonizing is satisfactory. 

If the dropping in voltage takes place slowly it can sometimes be 
speeded by paralleling the secondary coils or moving the transformer 
coife closSr together, in any event the burning process must .con¬ 
tinue until the voltage is quit^low. For best results it. should' be 
100 volts orlower with the current at 6.6 amp before the signal is put 
on. 

5. In case the voltage does not vary after the cable is made alive, 
no burning action Staking place. If the voltage shows below the 
open circuit voltage of the constant current transformer, the con- 

* nected cable has # too great a capacity. To reduce it, reduce the 
, number of phases*tied to the locater, tying .the pxtra ones to ground. 

Now apply voltage again with the locater. If a voltage above open 
circuit is reached with no evidence of the fault burning, it is probable 
Ithat the faulty phase is tied to ground. Switch phases and try again. 

ft Afftr the fault has properly carbonized, indicated by the voltage 
being steady and below 100 volts at 6.6 amp, the signal' is put 
#n the cable by running the rotary shorting switch. Listening to the 
phone the speecLpf the shorting switCh is adjusted, by means of the 
rb&ostat, tftgive a ticking soupd at about 200 cycles per min. 

7. The exploring coil and phone shown in Fig. 6 are carried to cajfie 
manholes.* Hearing the signal*in one hile and getting ho signal at 
the next hole away from the sending station, indicates the fault is 
. between*the 2 holes. Care should be taken to place the exploring 
coil on the cable beyond the cable bonds on the side away from the 
sending station. 

A record of voltages and currents, time to car- 
m bonize and locate, should be kept together with notes * 
on the fault. After a little experience with the action 
of the locater on various type faults, some prediction * 
can be made as t© the type fault and whether located 

ifi a wet or dry place. 

• • 

Actual Cable Faults Located * 

* : *• . 

* ^ During a period of l 1 / 2 years previous to the 

slgd of the locater described, 26 power cable faults 

on the system of the Consolidated Gas Electric 

Ligjit anfl Power Company of Baltimore were lo- 

. eated successfully, by the use of constant current 

transf6rmer equipment, using 15-kw, 30-kw, or 50-kw 

transformers. During this period there was only 

one failure*to locate the fault, and this was caused 

•by a personal err S r and was not due to an 7 defect 

m the method. • 

. Records have be 4 ^ kept for all faults located 
(mostly on 13,000-^olt .cable) and these show that* 
although some stubborn cas$s required over 2 V 
from the time voltage was applied until the fault was 
located, the great majority required lfess than one hr. 
Jtfi almost all cases, the fault resistance was reduced^ 


sufficiently in a veryj few minutes so that the test', 
signal could be applied. Voltage readings were taken * 
during each test and these show that on 13,000-volt 
paper insulated lead sheath cable, some /aults may 
require an initial voltage of 15,000 volts or higher in 
order to start carbonization of the fault. As the 
open circuit voltage* of a 50-kw 6 . 6 J £mp constant 
current .transformer is only about 8,000 vofts*.. the 
value o*f the resonance relation'for boosting this 
voltage is quite evident: The maximum^ Voltages 
measured covered the range fropf over 15^000 volts 
down to almost zero,* indicating & wide range of fault 
resistances. 

In quite a number^of c^es smoke could be seen 
leaving the duct or could be smelled at the manhole 
near the fault, thus indicating the close presence of 
the burning fault. As the current is limited to 6.J3 
amp there is no damage to nearby cables and yet the 
current is sufficient to cause a small amount of smoke 
in most instances, thus assisting in locating the fault. 

Two faults in. 4,000-volt cables were* located, and 
these generally required the application of less 
voltage. Three fatflts* in. 26,000-yolt ^cables wfere 
located, 2 of these being in submarine* cables. ' 
The letter cables, being submerged in water, oare r 
particularly difficult to handle, although the ap- r 
pearance of bubbles in the water cgj&r the fault? may 
assist in* the fault location. A large 0 exploring 
Coil with simple 2 -stage amplifier and head-phones 
carried in*a row boat, have been used to locate faults 
in submarine cable, although some difficulty in dis- 
tihguishidg the signal was encountered over deep 
water (35 ft) due to the number of foreign sounds 
picked qp. In this case, however, the vicinity of 
fault was located, and the cable was pulled up*by a 
crapdljiig hook quite close to the actual fault. 

Although constant current transformers have been 
U^ed previously!, for reducing cable fault resistance, 
the use of the constant current transformer both for 
reducing the»fault resistance and for sending a signal 
to locate the fault is believed to be original. That 
these ideas are practical has been proved by the 
record of successful operation oif a large number of 
power cable faults. 


2 ^XOPEN CI RCUI T yOL Ts\ oF ; C, C. TRANS. 

« * ♦ * \ Fig. 5. General shape 

J ^ V * • # of curve of voltage ap- 

^v \ * * plied by a constant cur- 

;.V transformer 4o js 
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Fig. 6. SmalJ exploring coil and head-phone nor¬ 
mally used to locate the manholes between which 
* the fault is located 

A forger cOi I and amplifier are: used In special cases where 
•it is impossible to put the coil direatly qn the cable»she4th 
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Winter Convention 

• *V * . • ' v 

Technical Program Announced 


LANS for the technical program as 
tentatively arranged for the coming winter 
convention of \the Institute 'to be held 
"in the Engineering Societies Building, ,33 
West 39th Street,* New York, N. Y, 

• January 23-27, 1933, will convince most 
electrical engineers that more than the usual 
number of papers which are of wide interest 
wilf be presented. * The technical program 
committee; has used grqat care ifi tie selec¬ 
tion of papers which deal with problems 

* most important to the electrical industry 
m at tij,e present time. 

Inspection trips, presentation of the Edi¬ 
son Medal, ^nd entertainment features for 
both men and women are being arranged 
by the various subcommittees and will be 
announced in the January 1933 issue of 
Electrical Engineering. The chairmen 
of these subcommittees are: convention 
executive committee, C. R. Jones, Westing- 
house Electric & Mfg. Co., New York, 
N. Y.; dinner-dance committee, C. R. 
Beardsley, Brooklyn Edison Co., Brooklyn, 

* N. Y.; shxoker committee, R. A. Mc- 
Clenahen, Unitei Engineers Sc Constructors, 
Inc., Newark, N. J.; inspection trips com¬ 
mittee, W. R. Smith, United Engineers & 
Constructors, Inc., Newark, N. J.; and the 
ladies’ committee, Mrs. E. B. Meyer, South 
Orange, N. J. 

• • 

Technical Sessions « 

* !• 

Notwithstanding adverse business condi¬ 
tions the Institute offers its membership 
an unusual opportunity t9 hear and ta W 
part in the discussion of the most recent’ 
advances that have been made in a number 
of specialized fields of the electrical industry. 
Jhitjteen sessions in all have been scheduled 
during the 5 days of the convention. These * 

* sessions have been paralleled so that those 
which hold interests in commdh conflict the. 

'least with one another and yet related 
Subjects have been grouped close together 
to perm# members who cannot stay for the 
entire week of the convention to obtain the 
most that is of interest to them in a shorter « 
interval of time. V 

“Eack of several timely sessions have 
evolved from the dose cooperation and 1 
united efforts of more than one committee. 
The communication requirements of rail¬ 
roads will be presented by authors repre- 
senting 5 well known carriers. This session 
„ is under the auspices of the committee on 
communication, assisted by transportation 
subcommittee; it should prove to be of 
^particular interest to engineers in both the 

December 1932 


communication and transportation fields. 
In addition, there will be another session 
dealing entirely with transportation prob- 
Jems. One of the papers in, this session 
Will present valuable operating data on the 
Cleveland Union Terminal electrification. 

* 9 ne °f electrical machinery sessions, the 
lightning session, and several papers in the 
instruments and measurements sessions ares 
closely related. The first treats the prob¬ 
lem of insulation coordination, the second 
deals with lightning and'impulse voltage 
experience with insulators and wood con¬ 
struction,' and the third presents, the 
measurement 3f impulse voltages. The 
papers which in all probability will be 
presented in the above sessions, as well as 
the varibus other sessions, are listed here¬ 
with. 

' * 

M * • * 

Tentatfve Technical Program 
Monday,’January 23 

10:00 a.m.—-£egistratirtn ' 

• ** • 

2:00 p.m.—Opening of Convention 

* —(A) Autorghtic Statons 

Pumping and Automatic Control, 
Johre»Fies, Texas Power and Light Co. 

*The Principle op Condenser Discharge 
Applied to Central Station Control Problems. 
F. H. Gulliksen, Westinghouse Electric & Mfg. Co. 

♦Princwles op the Direct-Selection System 
of Supervisory Control, M. E. Reagan, Westing- 
house Electric & Mfg. Co. 8 

♦Operating Experience With Automatic 
and Supervisory Control, J. A„ Noertker, The 
Cincinnati Street Railway Co, !» 

2:00 p.m.—(B) Electric Welding 

./ I* - . . . ■■■■■■ . ■ 

♦tPRBLiMiNARY Report* op Research: Work 
DbaSino With Nottingham's Equations and 
the Boiling Points op AnSBes in Relation to 
the %todb sDrop in Potential, J. L. Mver. 

Lehigh University. ’ 

• 

♦A Natural £rc Welding Generator, G. A 
Johnsto» 8 ; Great Lakes Electric Mfg. Co., Chicago, , 

. ' o 

•Cranseentb in Arc Welding Generators. 

A. R, Miller, iLehigh JTniversity. 

*Hm»h Velocity VaporIStrbam in the. Vacuum 
Arc* R. C. Mason, Westinghouse Electric & Mfg 
# Co. ■ .* # 

♦Performance and* * Design op Electric 
Welders With Controlled Transients, f. 
Creedy, LehighyUhivejjsity. 

"Tuesday, January 24 

10:00 a.m.—(C) Communication 

Communication Requirements op iC&lroads, 

J. L; Niesse, yew York Central l&ilroad Co., and 
C, Thayer, Qfeat Northern R&iway Co. ," : 


• ' <* • 'y..: ■ • • 


Communication System on thb Pennsylvania 
Railroad, I. C. Forshee, Pennsyl^aflia Railroad. 

Railroad Signaling ,'and Train Control, 

n" * , A ^ n ! dett W»d W. M. Vandersluis, Illinois 
Central Railroad. 

* 

Modern Signaling on the Reading Rail¬ 
road, E. W. Reich and G. I. Wright, Reading Co. 

Centralized __ Trafpic C«ntro& and Train 
Control of the Baltimore and Ohio,Railroad, 

t, D m VIS j“d G - H ' Dr yden, Baltimore and 
Ohio Railroad. 

* ' * 

10:00 a.m.—(D) Rotating Electrical Machinery 

Low-Frequency Sew-Exciting Commutat6r • 
Generator, J. I. Hull, General Electric Cy. 

Some Factors Affecting Temperature Rise* 
in Armatures of Electrical Machines, c T 
Fechhein^r, Consulting Engineer. * • 

Parallel Operation ofA-S Genbrat®rs-^ 
Action op ^Govb^nors and Damper Windings: 

M. atone, Westinghouse Electric & Mfg. Co. 

Synchronous Motor Pulling^Into-Stbp 

Two-Reaction Theory of Synchronous Ma- 
chinbs-Part II, R. H. Park, Calco Chemical Co. 

2:00 p.m.—(E) Transportation 

♦Application op Air Conditioning to Rail- * 
road Passenger Cars, W.' C. GooSwin and 
Charles Kerr? Jr., Westinghouse Electric & Mfg. Co. 

♦Calculation of Sinode Phase Series Motor 
o°t T ^ OI I Characteristics, H. G. Moore anA 
C. J. Axtell, General Electric Co. / 

_ *Operating Data on the Cleveland Union 

EfeS A Co ELBCTRIPICATI ° N * F ’^‘ GeneraI 

_ Power Supply for Main' Line Railway • 
Contact Systems, P. A. McGee, Reading Raihpad. 

Mfg cSf E ’ L ’ Harder * Westin Bhouse Electric ft 

* ' 

Simplified Speed Qpntrol for SSnglb Phase 
Locomotives, W. A. ^iger, Allis Chalmers Mfg.'»Co. 

^ . a ^ 

Wednesday, January 25 ’ ' 

* 

10:00 a.n».—(F) Educatfon ♦ 

Address— The Professional * Development 

S*i R - ' 

10:00 a.m»—(G) Insolation Coordination ' 

. ♦Progress Report on Impulse Testing op 
Commercial Transformers, F. J. Vogel, Westing¬ 
house Electric & Mfg. Co., and V. M. Montsinger, 
General Electric Co. « \ 

♦Factors Jnflubncino the Insulation Co-' 
ordination op Transformers, F. J. Vo cal 
W^ltinghouse Electric 5s Mfg. Co. - , 

♦Coordination op Insulation, V. M.’Mont- 
stnger, W. L. Lloyd, Jr., and J. E. Clem.tOeneral « 
Electric Co. ^ 

|Rbcbnt Developments in High-Current * 
Mskicury-Arc R2ctifiSrs, E. H. Reid and C. C. 
Herakind, General Electric Co. • 

♦Synchronous-Mechanical RBCfipiBR-lN- 

VBRTBR, S. S. Seyfert, Lehigh University. 4 

Tl^rsday, January 26 ' 9 

' .' * 

10^)00 a.m. —ysi) Lightning • 

. * 

. Impulse Testing Recommendations, Sub¬ 
committee on Lightning and Insulators, Philip 
Spom, Chairman. , 


m n" 


vk•. ^ ,a V i&i • • 






♦Lightning * Investigation on Transmission 
L£nbs —III, . W. W. Lewis and C. M. Foust, 
General Electric Co. # 

♦Lightning Experience on 132-Kv Links of 
thb American «Gas and Electric Company 
System, Philip Spora, Atgerican*CSas and Electric 
Co. *« • 

♦lMpm.su and Dynamic Flashover Studies 
or 20-Iur Wood Pole Transmission Construc¬ 
tion, A. S. Brookes and R. N. Southgate, Public 
Service Electric & Gas Co., and E. R. Whiteheid, 
WestinghouSfe Electric & MJg. Co. 

♦Operating Experibfcb With Wood Utilized 
As LiGHTNibfc Insolation, Hi L. Melvin, Electric 
Bond and Share Co. 


10:00 a.m.—(I) 
metallurgy 


Electrochemiftjy and Electro- 


Addrbss—Increasing Applications of Elec¬ 
tricity to CfiEMKy^ Processes, Colin G. Fink, 
Columbia JQniversity. 

♦Light Sensitive Industrial Process Con¬ 
trol, J. V. Alfriend, Jr., Westing house Electric & 
Mfg. Co. * < 

m 

2:O0 p.m.—(J) Instruments and Measurements 

1 A Standard of Low Power Factor, W. B. 
Kouwenhoven and L. J. Berberich, The Johns 
Hopkins University. 

A ^Bridge r^r Precision Power Factor 
. ldBASURsifeNTS ON SMALL Ott, SAMPLES, J. C. 
Balsbaugh and P. H. Moon, Massachusetts In¬ 
stitute of Technology. • • 

Skin, Effect in Rectangular Conductors— 
A Method of Measurement and Experimental 
Data, H. C. Forbes and L. J. Gorman, The New 
York Edison Co. 

♦Impulse Voltage Testing, C. F. Harding and 
C. S. Sprague, Purdue University. 

♦The Measurement of High Surge Voltages, 
P, L. Bellaschi, Westinghouse Electric and Mfg. 

Co- • • * 

♦Laboratory Measurement of Impulse Volt¬ 
ages, J. C. Dowell v>d C. M. Foust, General 
•Electric Co. 

• 

2:00 p!bi.—(E) Industrial Applications 

• ' 

•♦Circuit Brb^krh Protection for Industrial 
Circuits, H. J. Lingal and 0. S. Jennings, Westing- 
house Electric & Mfg. Co. 

* ^Variable Voltage Equipment for Oil Well 
Drilling, A. H. Albrecht, Standard Oil Co. of 
Calif. _ 

• . ?.•••.« 

•Recent Developments, in Electronic De¬ 
vices for Industrie C.onvrol, F. H. Gulliksen, 
Westinghouse Electfic & Mfg. Co. 


Friday, January 27 

10:00 a.m.—(L) Protective Devices 

• m 

a 

THff Use of Communication Facilities in 
Transmission Line Rblayng, J. H. Neher, 
Philadelphia Electric Co. • 

Protection of Electrical Apparatus—Rec¬ 
ommended Practise, Relay Subcommittee, O, 
C. Traver, Chairman. 

A Sequence Rblay for Network Protectors, 
H- S. Orcutt, United Electric Light and*Power Co., 
afld M. A. Bostwick, Westinghdhse Electric & Mfg. 
Cft. • ■ 


Empirical Equations foe the Magnetization 
Curve, J. P. Barton, Milwaukee, Wis. ’ 

fTBNSOR AnALYSIS*OF ROTATING MACHINERY, 
Gabriel Kron, United Research Corp. 

2:00 p.m.—(N) Research and Applied Electronics 

Tee Dielectric Losses in ImpbbiSnatbd 
Paper, J. B. Whitehead, The Johns Hopkins 
University. 

Applications of Harmonic Commutation for 
Thyratron Converters, C. H. Wiltis, Princeton 
University. 

♦Ignition of Arcs in Vapor Discharge Tubes, 
J. Slepiaa and L. R. Ludwig, Westinghouse Electric 
& Mfg. Co. • • 

♦Capacitance 'and Loss* Variations With 
Frequency ‘and Temperature in Composite 
Insulation, H. H. Race, General Electric Qo. 

_ ■ • • _ • 

♦ These papers are under consideration for 
presentation at the winter convention, but up to 
date of going to press have not been officially 
placed upon the program. 

t These papers will not be published is advance 
form by the Institute but copies may be made 
available by the respective authors. * 


Rules on Presenting • 

and Discussing Papers 

* At tlie technical sessions papers will be 
presented in abstract, 10 min being al¬ 
lowed for each paper unless otherwise ar¬ 
ranged, or the presiding officer meets with 
the authors preceding the session to ar¬ 
range the order of presentation ^nd allot¬ 
ment of time for papers and discussion.* 

Any member is free to discuss any pafier 
when the meeting is thrown open for general 
discussion. Usually 5 min are allowed 
each discusser. When a member, signifies 
a desire to discuss papers on other subjects 
or groups, he shall be permitted* a 5-rnin 
period for each subject or group. # 

It is preferable that a member who wishes 
to discuss a paper giye his* name before¬ 
hand td the presiding officer dfto% session 
at which the paper is to be presented. 
Copies of discussion pfepared in advanct 
should be left with the presiding officer. 
Each discusser is to step to the front of the 
room and announce, so that all may Tiear, 
his name and professional affiliations. 
Discussions at the technical sessions are 
not reported. To be considered for publi¬ 
cation, discussions should be wAten and 
mailed to the A.I.E.E., Editorial Depart¬ 
ment, 33 West 39th* Street, New York, 
N. Y., on orjjefore Feb. 10, 1933. • 


Prate Sequence Relaying, H. R. Searing, 
Th«T New York Edison Company and The United 
’Electric Light & Power Co., and R. E. Powers, 
Westinghouse Electric & Jvtfg. £o. • 

• * •. • 

HhOO a.m.-— (M) Selected Subjects 


Higher 

TURKS—A 
JBngle and 1 
Illuminating Co. of Boston. 


Steam Pressures and Tbmpbra- 
ChallenGb to Engineers, M. D, 
B. Moultrop, Tfce Edison El^tric 

- • 


♦ACTIONS-TAKEN BYnTHB SYMBOLS, UN3*S, Xnd 
Nomenclature Committee of the Interna¬ 
tional Union qf Pure and Applied Physics, 
A. E, Kennelly, Harvard UniVersity. 


Electric Railway • Association ’Changes 
Name.—At the Annual Business Meeting of 
the American Electric Railway Association 
# held in Chicago, Illinois, the flast y^ek m 
September 1932, the name of this assoda- 
tion was changed to the A Aerica* .Transit 
► Association. It is relt that tlffe new napie 
more accurately indicates the scope of ethe 
association’s functions ajid activities and its 
interest in the transportation •business. 
The change in name hqs been.under con¬ 
sideration for several* years. To be con* 
sistent with the name of the parent associa¬ 
tion, the names of the^4 affiliated associa¬ 
tions were also changed at that time and are 
now the American Transit AfScountahts* 
Association, American Transit Claims Asso¬ 
ciation^ American .Traifeit Engineering. 
Association a*d American Transit Operating 
^Association.* * • 


Utah Section * * 

Offers Prizes for Papers 

Prizes amounting to $25 have been 
offered by the Utah Section for papers pre- 
sdhted before that Section by its members, 

• according to announcement at the Sec¬ 
tion’s October 10, 1932, meeting in Salt 
Lake City, by Dr v J. H. Hamilton, -'chair¬ 
man of thfi Section’s program committee. 
Exc?rpt§ from the announcementf*follow: 

'"Lo encourage r members of the o U?ah 
AsLE.E.'Sectiomto present papers before 
the local Section the executive Committee 
has yoted $25 for prize awards. .... first 
prize $15,, second prize $10. Papers are 
to be judged by 3 judges appointed by the 
executive, committee, and prizes will be ' 
awarded fit Jthe .final meeting of the Sec¬ 
tion. To, facilitate the management, the 
following rules have been established: 

1. "The contest is open to an Institute 

member of any grade and to any person 
whose application for membership is in 
process. Application for rdmission to the 
cqntest is to be made to toe Section secre¬ 
tary before November "IS, 1932, ..... 
[stating] a tentative title of toe-paper, the 
approximate length, and the choice as to 
date of delivery.” ° * • 

2. "The valuation governing the 'grad- * 
ing of the Section papers in determining the 
prize award will be identical with those 
used by the national committee in deter¬ 
mining the award of national prizes.” 


‘Student Conference Held 
by South West District 

A Student conference of the: Institute’s * 
South West District, No. 7, was held 
October 21 and 22, 1932, at the University 
of Oklahoma, Norman. In addition to 
the 4 members of the faculty and 50 junior 
and senior students from toe University of 
Oklahoma, there were present 106 from 
other colleges and the& Oklahoma City 
Section. Attendqpce or'' the chairmen and 
counsetors, as shown in Table I, was ex-, 
ceptionally good. The absence of the 3 
counselors who were not present was un¬ 
avoidable. r 

• Two meetings of the Branch counselors 
and Student chairmen were held. Con¬ 
siderable ‘discussion was centered out the 
’ present practise in this District of award- 
► ing prizes for student papers other "than'*' 
the Institute’s usual national and Oistrict 
. prizes for Bfanch papers. It was felt thg.t*' 
an element of unfairness Resulted 
from the fact that some of the colleges in 
the District required undergraduate re¬ 
search and theses, whereas otoers had no- 
. such requirements. In order to obviate 
this difficulty a motion was passed to-toe- 
effect that although technical session^ would 
be held, at future meetings, papers by 
students* of toe various Branches wohld not 
. be put in competition, ranked, or prizes- 
offered for the best paper. _ Other problems 
discussed at these meetings included means- 
for increasing attendance, improving in¬ 
terest and making the Student Branch moiV 
as an introduction to membership rin toe 
Institute after *graduation. 
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* Three technical sesfietas wfire hold, at 

* which 10 Student papers were presented. 

* The paiper entitled, “The Development of a 
Medium Priced High Quality Micro¬ 
phone,” by J. y. Martin, Jr., of the Missouri 
School of Mines and Metallurgy, was de¬ 
cided to be the best paper presented «at 
this session, and his Branch was awarded # 
the bronge plaque offered this year by the 
Oklatjpma City Section. The other Student 
papers presented were & follows: 

Construction op WNAD, by Wilmer Rafsdale 
anfl Bryan Cote, Okla. Univ* • • 

Rb&bnt Developments in the Metering .of 
Electrical Energy, by M.*P. Jones, Southern 
Methodist Univ. • 


Transmitters for Broadcast Service, by 
R. D. Compton, Kansas State Col. 

Some Fundamentals oF # lNDUcnVb Coordina¬ 
tion, by David Snssin, Texas Untv. 

Influence of Voltage Variations on Induc¬ 
tion Motor Characteristics, by L. C. Wasson, 
Arkansas Univ. 

EccftJOMics of Rural Line Distribution, by 
B. E. Lowe, Okla. A. & M v Col. 

A Device for Demonstrating Symmetrical 
Components, by Stanley Fish and Austin True, 
Univ. of New Mexico. * 

An Ultra Short Wave Transmitter, by 
G. C. Hutcheson, Texas A. & M. Col. a 

Comparison of Strowgqr Type With Panel 
Type .Automatic Telephone Equipment, by 
R. C. Jackson and L. D. Weiser, Univ. of 
Kansas. • 


, Table I—Counselors and Chairmen Present 


Collegl 


Branch 

Counselor 


Student 

Chairman 


• • • 

University of Arkansas.*..W. B. StelsSher...L. C. Wasson 

Kansas State College...... .. .R. G. Kloeffler..... G. D. Ferguson (v-ehm.) 

University of Kansas.D. C. Jackson, Jr....R. C. Jackson * 

Missouri*School ofidines...I. H. Lovett...J. D. Martin 

University of Missouri...M. P. Weinbach.....A. L. Coffman 

University of New^Mqfico.. ..«...Stanley Fish 

Oklahoma A. & M. College.... . a . .*..... A. Naeter...J. R. Hollis 

University at Oklahoma... .. .F. G. Tappan..H. H. Moody 

JRice Institute...J. S. Waters.E. F. Kinzer 

Sbtithern Methodist University. H. F. Huffman...R. P! Lindsley 

A. & M. College of Texas..;. .H. C. Dillingham.G. H. Samuels 

Texas»TechnoIogical College.......*•. . Preston Conner 

University of Texas.... • 4 a?. . •.J. A. Correll.. F. C. Sperry 

Washington University.'....0..«.. . C. E. Keiser 


• •_ 

Changes Made in * 

• • 

A.I.E'.E. Prizes for Technical Papers 


J^VuTHORS who plan to present papers 
before the Institute during the calendar 
year 1933, those who have presented papers 
during. 1932, and others who may wish to 
submit papers for prizes, would do well to 
bear in mind that such papers are eligible 
far consideration for Institute prizes. 
These awards are* madg each spring for 
the preceding calendar year, dnd fall into 
2 main classes, national and District prizes. 

. On account of the reduced income of the 
Institute, the board of directors decided 
to omit the cash awards for papers pre-» 
sented during the calendar year 1932, 
except that a payment of $25 ill ca^h will 
accompany each District Prize for Branch 

* £aper. All certificates will be issued as « 
usual, those for national prizes signed by 

* Institute officers, and those *for District, 
"prizes signed by the officers of the Districts 

concerned. In cases of joint authorship, 
a certificate will be issued to each author. 

National Prizes • * 

•The? national prizes which may be 
awarded at the discretion of the com¬ 
mittee on award of Institute prizes are as 
follows: 

1. Prizes for bts^ papers in (1) engineering practise, 
(2) theory and research, and (3) public relations 
and education. 

* St, Prize for initial paper. 

3. Prise for B^inch paper. 

The national prize for hest paper in 

December 1932 

* • . • . 


•• • • 

each df the 3 classes indicated may be 

Awarded to the author Or authors of the 
t>est original pap<£ # presented at any na¬ 
tional, District, or Section tfleeting of the 
Institute, provided the atfthor, or at least 
one of coauthors, is a member of the 
Institute. 

The national prize for initial papier may 
be awarded to the author or authors of the 
most worthy paper presented at any na¬ 
tional, District, Secljpn, or JBranch meeting 
of the Institute, provided the author or 
authors have never previously presented 
a paper which has been accepted by the 
technical program committee, and the 
author, *or at least ona of coauthors, is a 
member of the Institute or is a graduate 
student enrolled as a Sfudent of the In¬ 
stitute. * 

The national prize for Branch paper* 
may bgsawardted to the author or authors ^ 
ot the best ^apet baseS upon undergrade a 
ata work presented at a Branch or other 
Student meeting of the Institute, provided 
the author or authors «are Student Branch 
members.. . 

• All papers approved by the technical 
program committee which are presented 
at any meeting w^ be considered by the 
committee on award for the; prizes for 
test papefc and initial paper without being 
formally offered for competition. All 
papers other tffhn those presented^ to the 
ti»<»Vmiofl.l program committee must, in 
order to recfiive consideration,«be submitted 


in triplicate with a written ^communication • 

to the national secretary on or befdfe 
February 15 of the year following the 
calendar year in which they were presented. 
This may be glgne by the author or authors, 
by an officer of the Institute,’ or by the a 
executive committees of. Sections, or Geo- * 
graphical Districts. ^ ■ 

<* 

District Prizes ’ 

The following District prizes may be 

awarded each year in each "Geographical 

District of the Institute. „ 

■» » •" © 

1. Prize for bes£ paper. 

2. Prize for initial paper. * 

3. Prize for Branch paper. 

A District prize may^ awarded only 
to an author who, or to coauthors„of whom 
at least one, is located within the District, 
and fox; a paper presented at a meeting 
held within, or under the auspices of, the 
District. *» 

The District prize for best paper may be " 
awarded for the best paper presented at an 
national. District, or Section meeting, 
provided the author, or at least one of o 
coauthors, is a member of the Institute. 

The District'prize for initial pkper may. 
be awarded for the best paper presented 
at a national. District, Section, on Branch 
meeting, provided the author or authors 
have never before presented a paperi’before 
a national, District, or Section meeting 
of the Institute, and the author, or at least 
one of coauthors, is a member of the 
Institute or a Graduate -student, enrolled 
as a Student of the Iijstitute. 

The District prize for Branch paper may 
be awarded for the best paper based upon 
undergraduate work presented at a Branch 
or other Student meeting of the Institute,** 
the author or authors of which are Student 
Branch members. « ^ 

All papers to be considered in° compe¬ 
tition for District prizes jnust be sub- „ 
mitted in duplicate by the authors or„by # 
the officers of the Branch, Section, qjr 
District concerned to the. District com¬ 
mittee on awards on or before SkmmtyriO 
of the year folldjving Jiie calendar year^ 
in which the papers fiave*be<Sa presented. 

Copies of a pamphlet entitled “National 
and District Prizes” may be secured, With¬ 
out charge, upon applicationoto Institute 
headquarters. v, „ . * 




* 

o 


Dr. Langmujr Awarded 
Nobel Prize in Chemistry 

The Nobel Prize in chemistry for 1932 
ha^ been^awardfid to Dr. Irving Langmuir,^ 
associate director of the research laboratory 
.of the General Electric Company, ScllenSc- 
tady, N. Y. The award will be presented 
to him in Stockholm, Sweden, on December 
ICC 1932. * 

Dr. Langmuir was born" m Brooklyn, 

N. Y., 1881. He graduated frpm the 
School of Mines of Columbia University in 0 
1903 and received his master’s degree and 
that of doctor $f philosophy froln tlfe Uni 5 
vejsity <5f Goettingen, Germany. Honorary 
degrees have since been awarded him by 
several institutions. Between 1906 and 
1909 he was instructor in chemistry at the 
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Stevens Institute of Technology, Hoboken, 

N*. J., an£ since 1909 has Seen connected 
with £he research laboratory of the General 
Electric Company. 

One of Dr. "Langflmir’s .early achieve¬ 
ments was the deyel&pment of the high 
intensity incandescent lamp, the bulb of 
which contained small quantities of either 
nitrogen or argon. It has been stated that 
the cost of energy required for electric 
lighting in* this coifhtry^has been reduced 
about 60 per cent b? this gas filled lamp. 
Growing oulT of this work with the in¬ 
candescent lamp ^ere important dis¬ 
coveries in the field of the ^vacuum tube. 
The vast* devdopment of radio broad¬ 
casting and the use of the vacuum tube in 
electrical control operations and similar 
fields can tfe traced largely to Dr. Lang¬ 
muir's discoveries. His discovery of the 
atomic hydrogep method of electric welding 
also was of great importance, as this permits * 
.the welding of medals which formerly could 

. nofbe joined. His n|pny published papers 
are considered by sdentists to be of con¬ 
siderable value. Dr. Langmuir has been 
particularly interested in the mechanism of 
• chemical* reactions taking place on solid 
surfaces and is now working out the laws 
•according to which atoms and molecules 
distribute themselves over surfaces, forming 
sin gle Ja$rers of atoms. These laws are of 
importance in understanding many simple 
phenomena, such as those of the spreading 
of oil films on water and of lubrication. 

• Dr. Langmuir has received many pre¬ 
vious honors. The Nichols Medal was 

. awarded to him V the New York Section 
of the American. Chemical Society, first in 
1916 for his work on chemical reactions at 
low pressures, and again in 1924 for his work 
atomic structure. In 1918 he received 
the Hughes Medal from the Royal Society 
of London in recognition of his researches 
in moleaular physics. The Rumford Medal 
whs awarded tom in 1920 by the American 

• Academy of Arts and Sciences for the 
•fhAmionic researches and his gas filled in¬ 
candescent lamp. The Royal Academy of 
Lincei, Ropie, Italy, presented its Cannizaro 

. prize to him in 1926; r he received the 
•Perkins Medal iq *'1928 *and the Chandler 
Medal*in 1930. Earlier this year Popular 
Science Monthly awarded him its annual 
■ fflpHal and honorarium of $10,000. Hr. 
Langmuir is "a past-president of the Ameri- 

* can^Chemical Sbciety^and is a member of 

many scientific organizations. 

V #••... 


Date Concernins Appropriation* for the 60 Local Secfionsofthe Institute for the 
r Appropriation Year Ending September 30,1932^_ 


Section 
Member¬ 
ship as of 
Aug.. 1, 
1931 


Section 
Appropria¬ 
tions as of 
Aug. 1,1931, 
as Provided 
by the 
Bylfws 


Net Amounts 
Paid to 
Sections‘in 
Accordance 
With Agree¬ 
ments 


Net Savings Percentages 
From Normal o! Normal 
Appropria- Appropria- 
e ^fons tions Saved 


1. 


Sections that did not indicate acceptance 
of 10% deduction, hut which never¬ 
theless show expenditures of less 
r than the annual appropriation 

Connecticut.... $63.. P .. S 

Iowa. 32 . 

Lehigh Valley.„•••• 27 \ . 

Nebraska.. - 

New York.* V * 

Urbana. r- 

Worcester. 61 . 


r 438.00... 
237.OOt. 
448.00.. 
230.00.. 
4,215.67.. 
211 . 00 .., 
236.00.. 


264.77. „...$ 
" 98.49.';.,. 

. 420.37. 

59.72. 

£011.23. 

*60.76..... 

141.00*.,.. 


173.23.. . 

138.61.. . 
25.63... 

170.28.. 

204.44.. 

160.24.. 
95.00.. 


39 f 5 
58.4 
5.0 
74.0 
4.8 
76.0 
40.9 


2 . 


4. 


Sections that have accepted 10% deduc¬ 
tion of normal appropriation bat 
have not yet rendered final report 
of expenditures for year ending 
September 30,1932 (thus indicating 
a possible additional saving) <• 

Houston. 

Lynn. 134 - 

r Madison. «—• 

Seattle. 218 - 

Sections that did not accept 10% deduc¬ 
tion and expended full appropriation 

Mexico. 24 - 

Milwaukee. ... 221- 

Providence. 8 “- 

Rochester-.. 108 • • • • 

Sections that did accept a fleductioji of 
10% or more from normal appro¬ 
priation 


246.00- 

309.00- 

230.00.... 
393.00- 

r , 


*221.40., 
*278.10.. 
*207.00. 
*353.70. 


*24.60.. 
*30.90.. 
*23C,00. 
*39,30. 
r 


.* 10.0 

.140,0 

.no.o 

.* 10.0 


269.00_ 

396.00_ 

255.00- 

278.00- 


269.00.. 
396.00.. 
255.00.. 
278.00.. 


0. 

0. 

0. 

0 


0.0 

0.0 

0.0 

OoO 




Akron...... 


Baltimore. 

Boston. 

Chicagp.. 

Cincinnati.,... 
Cleveland... ^. 
Columbus....'. 

Dallas.. 

Denver........ 


Brie..... 

Fort Wayne. 
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So. Calif. Edison 
-; Names New Executives • 
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According to news dispatches under date 
of October 19, the board of directors of the 
Southern California Edison Company, Ltd., 
Los Ang eles, has named G. C., Ward (M’24) 
as-its president and H. J> Bauer as chairman 
of the Board. ; 

These new officers will fill vacancies 
caused by /the death in April 1932 of ^he 
company’s former board cShairman, J. B. 
Miller, and in August of its former #pr&i- 
dent, R. H. : Ballard.' Mr, Bauer.bas been 
an Edison director for sometime; Mr. Ward 
has been. A company official for many years. 
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55 Sections Have Assisted-v' 

* 

in Meeting Reduced 1931—32 Budget 


BECAySE of the reduced incom’e of i!he 
Institute, the board of directors at Its 0 
meeting held on October 23, 1931, adopted 
a budget of proposed ^penditures for the 
year 1931-2 materially lower than normal, 
ar^i invited the Sections to coopefate'Vith 
the ]?oard by keeping’’their expenditures 
at least 10 per cent beiow the' amounts 
which would have been available under 
the provisions given in the bylaws., The 
board of directors requested that a state¬ 
ment be published after»the close* of”the 


year giving full credit to all Sections for 
their cooperation ancf showing the per¬ 
centage of reduction attained by each. 
This information is f^ven^in the accom¬ 
panying tabulation. 

The splendid cooperation exterTded by 
a large majority of the Sections is sincerely 
appreciated and has been of great assis¬ 
tance in the efforts to redu'ce Institute ex¬ 
penditures wherever practicable without 
interfering seriously with any of the ac¬ 
tivities. ° 


Summarized ’Review of 

Baltimore Meeting Discussions 


■» «. i» 

P * * n 

RINCIPAL discussions of the Baltimore 

„ Meeting papers are summarized herewith. 

The papers to which these discussions refer 
** were* abstracted in Electrical Engi¬ 
neering* for September 1932, p. 659-62. 
Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discussion, to¬ 
gether with all approved papers, will be 
published in the Transactions. 

n 

Power Carles 

R. JL WieseJhan (Passaic, N. J.) discussed 
. the historical background of submarine 
cable installation* leading up to the 115 kv 
Columbia River crossing. He felt that 
these recent installations of long-length 
high-voltage cables should be a source of 
comfort and encouragement to the utilities 
in solving their future transmission prob¬ 
lems. Cable manufacturers have elimi¬ 
nated the cable a8 the "neck in the bottle” 
of best design of large, high voltag^ power 
transmission system. 

Thermal Transients and Oil Demands.— 
n F. H. Buller (Schenectady, N. Y.) in his 
discussion of this subject expressed the^ 
belief that all who have occasion to make 
temperature-transient or oil-dejnanjji cal¬ 
culations on cables are indebted to the. 
^ajutbors for the simplifications which they 
have Revised to render computations less * 
*» laborious. The discusser had^ound charts 
„r and 2 of the paper useful in obtaining 
approximate values of the roots of equation 
6. He believed their limitations were in 
the mechanics of reproduction rather than 
in. the underlying theory. The method of 
evaluating the coefficient Cn described by tb# * 
apthoss was believed to be simple in theory 
and usually useful in practise, particularly 
if only 3 terms of the infinite series for tem¬ 
perature and oil demand are required. He 
suggested a mathematical solution and pre¬ 
sented equations for use in cumbersome cases 
where more than 3 terms are required. 

* i. E. A. Church (Boston, Mass.) also 
discussed this subject. One of the im¬ 
portant facte” that he emphasized was that 
«the terqperature and ojl demaqji equations 
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for load suddenly applied (unit function 
in Heaviside terminology) are functions 
of the conltants of the cable only. A 
graphical method 1 ' was described that 
facilitated evaluation of the integral and 
overcomes the practical difficulties en¬ 
countered in solving for the coefficients 
and expQnents of each term of the series. 

Another discussion by R. J. Wieseman 
expressed appreciation for the complete¬ 
ness of fhe analysis ,of this subject and 
the excellent charts' developed’ to simplify 
the labor of making calculations of ther¬ 
mal transients or oil demands. Researches 
have shown „ internal pressures in, solid 
cable |p bfe much* higher than realized. 
Jligh pressures have been formed at the 
conductor and strath without indication 
of a positive pressure in the jniddle of the 
insulation. This has not tjeen fully under¬ 
stood, but Mr. Wieseman believed that a 
mathematical analysis along the lines of 
this paper might offer an explanation. 

Traveling Wave Voltages. —L. V. Bewley 
(Pittsfield, Mass.) in discussing this paper 
expressed the belief that, when taken in 
conjunction with an earlid paper dealing 
with, the experimental work, it formed a 
comprehensive treatment of < \he ^problem. 
He suggested and illustrated with equa¬ 
tions several ways for increasing the 
generality of the papeh 

jf E. Clem (Schenectady, N. Y.) dis¬ 
cussed tin? subject and analyzed the 
voltages set up in a cable at the end of a, 
transmission ljpe by the impact of a travel¬ 
ing WEftfe. ^Calculation# were made in two „ 
ways: one on the basis of lumped capaci- ** 
taffce, the other taking into account the 
distributed "constants of a cable. A com¬ 
parison %f these calculations and a com¬ 
parison with the test results indicated that 
the need of cable protection can be de¬ 
termined by calculations made on the 
basis of lumped capacitance. It was rec¬ 
ommended that!: any cable installation 
iess than 4,000 ft in length be checked to 
determine the possible need of protection. 
If the cable at the exit end is connected 
to a transfoimer, or % ve?y high surge 
impedance, protection should!be applied. 0 


Telephone Cables . , ’ • 

n n 

Electrical Testing in Wire Plants. —W. 

A. Del Mar (Yonkers, N. Y.) in discussing 
this subject 'described spme of the early « 
methods of testing in -electric wire manu- ^ • 
facture and advocated the use of high » 
frequency alternating current. H«? asked 
the authors why a frequency of a few » 
hundred cycles was used when .by the use 
of higher frequencies shock hazard could * 
be avoided, a spark \)f greater searching 
ability obtained, and the necessity of 
grounding the wire avoided. He regarded 
the high frequency spark as especially 
useful in finding "pinholes” or 1 other air 
. openings in the insulation, but not reliable 
as a test for the dielectric strength of a , 
patch. ’ " 

Another discusser, R. J. Wieseman 
(Passaic, N. J.) inquired as to the speed 1 
at which the wire travels through the ** 
testing outfit, the voltage and time values' 
used in making the* water test, and the 
limiting thickness of insulation that-could,, 
be adequately tested by the spark method. 

Pulp Insulation.— W. A. Del .Mar (Yon- „ 
kers, 1ST. Y.) discussed thj? subject* and 
inquired conceding the flexibility of thiS, 
insulation when applied in layers as heavy 
as 5D mils or more.. In regard^ to the 
authors’ Suggestion of new applications, 
he asked if any of these had materialized 
in the interim since the writing of the paper. 

• R. J. Wieseman (Passaic, N. J.) asked 
about the nature of the wood pulp now 
used, with special reference to the possible 
use of spruce fiber. He also asked if the * 
method of insulating'’ the -1 conductors and 
assembling "would result iq a firnjpr cable. 

In regard to the ant)imony-lead sheaths 
of telephone cables, he inquired if pure* 
lead had been considered for cases', where 
the cable is drawn into, ducts. 

L. S. Ford (Kearny, ^5 J.) eSplaingd 
that pulp insulated wire fitted very well # 
into the unit idea of cable layup. ^Thg 
construction has been standardized ror 
24-gage as well as 26-gage .pulp cable anti 
it is just being applied to 22>gage pulp 
cable. Pulp has «ot a^ yet resulted ill a *, 
new line of cable, Tbtft in*a new jtype of an* • 
existing series of Nq§. 24 and 26 exchange 
area cables that are lower in first cos* and 
that compare very well in quqjity with the 
ribbon-insulated cables wj^ich they dis- • ■ 

place. He predicted that in the <u£ure, 
advantage will be £aken of the considerable 
range of values in weight and diafneter • 
admitted by pulp." 

Use of Cables for Telephone Distribution 
Purposes. —J. A. Cadwallpr (Pittsburgh, 

Pa.) discussed this subject and described* • 
a buried ^cable distribution system recently 
installed in a ^high class residential cfe-. 
velopment near Pittsburgh. The, lapd 
company reserved a 10-ft strip alqpg the , 
rear property line for the utilities, pro¬ 
vided trenches for the cables and excava- • 
tiops for the' 1 splifcing boxes. Conduits 
from the houses to the nearest splicing 
boxes were provided by the individual 
property owners. The telephone company • 
furnished and installed * tape apmorgd dis- 
triflutiop cable* splicing boxes, terminals* 
and 1- or 2-pair lead covered cable from * 
the splicing boxes tt> the hduses. The 
entire cost of this distribution system to 
the telephone company closely approxi- 
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mated the estimated cost of an aerial cable 
jot) on jojntly occupied poles. 

I*. *F. Cromwell in his discussion in 
connection with, this subject emphasized 
the importance*of cafeful cajole-pair multi- 
• . plying in the desigp of the cable plant so 
# ’ as to effect a minimum plant investment 
and nflnimum annual charges consistent 
. with good service. The real test, he 
thought, is not encountered when the 

• installation* is first '“completed, but rather 

when service- has increased to such an 
extent that the cable had a majority of 
ifcs pairs in use. *„ . 

Another discussion by <*C. L. Garrett 
gave consideration to factors which may 
tend to reduce the intelligibility of speech 
% reception such as noise, crosstalk, and 
distortion. *He "pointed out that th es e 
factors Aust be considered and allowance 

• made for them jn the design of the plant. 


artificial storage, energy costs for hydro¬ 
electric plants usually could not compete 
with energy from modern steam stations. 

Another discussion by Ireal A. Winter 
(Birmingham, Ala.) called attention to the 
value of this paper, particularly the part 
dealing with hydroelectric regene/ation 
equipment. He believed the time is fast 
approaching when the conception of a wide 
use of hydroelectric regeneration jpill mature 

iritn a 


into a concrete"fact.' 
Safe Harbor Project 


•Economic Aspects of Water Power 
• ’ . 

# A. # E. Bauhan (Newark, N. J.) stated 
that the paper on this subject treated the 

# # relative egonomies of water and steam 

power in a thorough and sound "manner 
# One of the points brought^out in this dis¬ 
cussion was in connection with the intro¬ 
duction of the time element? which brings 
with ii *the uncertainties of future loads 
and future competitive plant costs. The 
curves in the paper, plotted on the basis 
pf percentage of capacity installed, may- 
show a hydroelectric cost, after the initial 
development, materially below the hydro- 

• electric Value and one must not draw from 
them the conclusion that the project is 
economically justified. The discusser sug¬ 
gested going a "step further and plotting 

•hydroelectric costs and hydroelectric value 
against years. 

Wilfiam McClellan (New York, N. Y.) 
pointecbout soja^of the merits of the same 
' paper. He r&ommended the reading of 
• the paper by "every young engineer, not 
•onfy for the immediate subject of the dis¬ 
cussion, but also for the method the author 
„ “SRd whic^, hesaid, gives a comprehensive 
treatment of a most intricate subject. 

* * R- E. B. Shar^ 1 (Philadelphia, Pa.) in 

his discussion of the paper considered the 
performance obtained by the dual opera¬ 
tion of punjps and turbines. He consid¬ 
er' ored the case of. the design of a centrifugal 
puifip*provide<f with short vanes having a 
large^ angle between these vanes (at dis- 
„ charge) and the tangential. When operat¬ 
ing as a pump the losses due to diffusion, 
caused by too great aa angle between 
^ the vanes, and consequently too great a 
“rate of area expansion, would result' in 
relatively low efficiency as a pump. .How- 
„eSer, the steep vane angle, and fhort pas¬ 
sages^ would tend to give relatively high 
efficiency as a turbine. He thought that 
these was no basis for the efficiency of any 

• Centrifugal pump necessarily being the 

same when operating -as a "pump as wffen 
operating asrsC turbine. • 

J. E-. Stewart (Pittsburgh, Pa.) con- 
“ sidered that the paper clearly brought out 
the mpdern conception that the main valub 
^of the utility hydroelectric plant, where 
there is not a high minimum str tem flow 
was its capacity. He felt that, unless the 
flow at hydroelectric stations was backfed 
by natural storage .or relatively low cost 
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J. R. Baker- (Baltimore, Md.) in liis 
discussion of this subject drew attention 
to the progress in hydroelectric design that 
has occurred in recent years, /f comparison 
of this plant with the Holtwood plant de¬ 
signed some 20 years earlier showed a 
striking economy of building volume in the 
design of the Safe Harbor plant. .By 
more skillful arrangement the' building 
mass and structure also were applied to 
better purpose. The great advance in 
hydraulic design was well illustrated by the* 
fact that the controlled water path through 
,the Safe Harbor plant, not withstanding its 
smaller dimensions, is twice as long hori¬ 
zontally as that in the Holtwood plant. 

F. H. Hollister (Chicago, Ill.) in con¬ 
nection with .this subject cited the ad¬ 
vantage of flat efficiency curves and the 
advances made in steam tiflrbine and boiler 
room efficiencies during the last 10 yeqrs. 
He believed that this has mad«» imperative 
the improvement of the over-alT all-day 
efficiency of the hydroelectric station or 
else greatly reduce. the investm&nt per¬ 
missible in a low head hydroelecthic plant. 
He also referred to the wisdom of making 
provisions for automatic bus protection. 

A. H. Hull (Toronto, Canada) discussed 
several .features about the “development, 
in order to bring out at greater length some 
of the consideratibns that led to the con* 
struction adopted. IjB was impressed^ 
with the thorough manner in which the 
many design problems had been harried, 
and with the result of a superstructure of 
pleasing appearance that permitted a com¬ 
pact arrangement of major equipment. 

Another discussion by A. ft. Lakey 
(Philadelphia, Pa.) described the con¬ 
struction of the 82^n. pivoted-segment 
thrust bearings for the Safe Harbor units. 
These thrush bearings carry a load tTp to 
about 760 tons apiece with a resulting Ufait 
pressure of 416 lb per sq in. on the 3,§00 
sq in. net of babbitted bearing-shoe surface. 
The novelty of the design consists mainly 
in the ease of vertical adjustment at any 
^time, and in the minimum diAurbaftce of 
other parts of the unit incidental to in- 
e specting or changing the bearing surfaces. 

* C. F. Merriam (Baltimore Md.) de¬ 
scribed the Safe Harbor governing system, 
which in many respect^ represents a dis¬ 
tinct advance in •power plant design. 
Operation of the turbines has. been con¬ 
centrated on a single floor by locating^ 
pumps and actuators on the same level, 
with a resultant saving in pessonnel. The 
twin system located in the space between 
tiie two units of each pair elimffxates long 
lines of piping. The protective devices 
and annunciator system alib were described. 
Impulses from the respective relays not 
# °nly indicate the* source of trouble,' but 


alsp act upon certain safety devices ar-^ 
ranged to produce'the desired effect upon " 
the governor. « “ 

J. E. Stewart (Pittsburgh, Pa.) in his 
discussion of this subject expressed a belief 
that the outstanding feature of the Safe 
Hcrbor "development was the engineering 
f study that had been devoted to it,* and the 
fact that so many of *tii‘e resultg of these 
studies were incorporated in the actual 
construction:. . 

' Another discussion by R. L.^ Thomas 
(Baltimore, Md.) r interestingly revealed 
the history of this development frord the 
time of r the first individual flow rights, 
which dated back to 1902, up through the 
selection and acquisition of the present 
siter Early econpmic studies by the regu¬ 
lar operating staff without any pqb- • 
licity and- without outside aid prior to 
making of core borings at the dam site 
resulted in relatively low costs of property 
and flow rights as well as for preliminary 
engineering and organization work. The 
pre-license cost, exclusive of property, 
amounted to less than one^oer cent." - 
In addition to the foregoing discussion 
of’'this development, P: M. Hess, station 
superinfenflent at r Safe Harbor-, outlined ■ 
the operating experience with the major 
pieces of equipment thus far obtained from * 
the 10 months’ period operation. „ m 
Safe Harbor-Westfcort 230-Kv '-Trans¬ 
mission Line. —H. S. Phelps (Philadelphia, 
Pa.) in his discussion made a comparison 
between this line and the Philadelphia 
Electric Company’s 220-kv lines which 
have essentially the same electrical des ign 
features. He presented operating data on 
the latter lines and suggested a comparison 
of operating results between these lines. 

He believed such a comparison should malre 
possible the forming of conclusions "better 
tiian those presently held concerning the • 
influence on line performSnce of insulator 
spacing and string length, size and loca¬ 
tion of ground wires, and phase wire spacing. 

C. L. Fortescue (East Pittsburgh, Pa.) 
discussed the early considerations that 
entered into the design of this line. He 
explained that in the design of transmission 
lines a compromise must be made between 
what c*n be "done regardless of cost and what 
can be considered as economically justified. 

He believed the author had effectively * 
reached such a •ompromise as indicated by 
•the performance during the past year. 

Safe Harbor Kaplan Turbines. —E. Brown 
(Montreal,* Canada) discussed this subject 
and raised. questions concerning several 

• points about the paper. One of ?hese / " 
concerned the curves in Fig. 6 which he 
.believed shelved large differences between ** 
the values of 2 at which the efficiency' 
begins to decrease and the unit quantity 
to increase. He believed that t^e points 
of increase or decrease were not well de- 

• fined. The authors’ statement that “the 
value of 2, at which efficiency and dis¬ 
charge were found to break, was taken as 
the cavitation limit for that particular 
speed, head, and gate opening” seemed to the 
discusser to imply a much closer agreement 
between 2 values than that shown in Fig. 6. 

In connection with the* cavitation ex¬ 
periments, J. A. Peck (Boston, Mass.) 
asked what means were employed to isolate " 
the phenomenon of the efisciengy*' break 

so that it could be positively attributable 

• * * 

Electrical Engineering 
• • 0 


• • 


\to the cavitatiomrather than to some other 
” coincidental factor, such as a crisis in the 
flow conditions within the particular type 
of draft tjjibe in use. 

R. E. B. Sharp (Philadelphia, Pa.) dis¬ 
cussed the cavitation probfem and,referred 
to an installation in Canada that furnishes 
an interesting example of the ability of' & 
twbine & operate without serious pitting 
with a value of S so W as tp result un¬ 
doubtedly in the formation of CQntijyious 
cavitation without su(ficfent pressure to 
cause the collapse of the-cavities. ., A curve 
was presented which represented roughly 
the limit in value of 2 for the usual modern 
propeller runner designs. * * « 

Messrs. L. B. Stirling and J. B. MacBhail 
. (Montreal, Canada) asked if the possible 
occurrence of pitting in ^he draf£ tube was 
examined bjr paint tests ’ The pitting of 
a painted surface in a model draft tube 
'is believed to be a good indicator of erosion 
of concrete on the- full sized installation. 
This relation has been proved to be correct 
in at JiSast 2 cases. 

Another dis<Jhsser, H. S. Van Patter 
(Montreal, Can&dq) inquired, in connpctym 
with the tests, as to Why it was.co«sidered 
necessary # to hold the total head constant 
* when varying the suction head and asked 
„ if that decision had been confirmed by test 
results, In other wools* had tests shown 
that the cavitation *j5?>int was affected by 
variations iif total head? 

Low Head Hydroelectric Developments 

L. F. Harza (Chicago, Ill.) in his dis¬ 
cussion of this paper questioned the general 1 
desirability of using special Kaplan wheels 
bn horizontal shafts, such as shown in the 
author’s Fig. 26. He pointed out that the 
*. draft tube> problem is complicated, the 
building width <* greater, and that high 
tailwater requires design of the generator 
room walls for outside pressure, and the 
use of drainage pumps to remove leakage. 

H. E. Popp (Boston, Mass.) discussed 
this subject from a point of view different 
f*om that taken by the author. He did not 
agree that credit {pr past accomplishment 
in the field of economical lew h^id de¬ 
velopments was due entirely to European 
engineers. It was pointed out that the 
so-called Kaplan turbine 411 reality is the 
use of the adjustable-blade runner and its* 
control mechanism in combination with the 
usual form of scroll case, draft* tube, and 
miscellaneous mechanical details inde-' 
'NfJendently developed and perfected by 
American engineers. He also believed * 
that there was grave danger that over¬ 
emphasis of some particular phase of de¬ 
sign, such as the cavitation problem, might 
lead to the introduction of costly practises 
that are’hot justified by the ends obtained. 
In this connection he did not agree with ^ 
the practise to machine and polish aM* 
rwineff blade surfaces in contact with 
flowing water, especially since this has no 
effect bn efficiency. # 

J. W. Rickey (Pittsburgh, Pa.) was of the 
opinion tha^ the future development of 
hydroelectric projects of low and medium 
head in the United States depended upon 
obtaining lower plant cost through greater 
economy hi #ie design of both plant and 
equipment. This, he believed, could be 
Achieved only when the manufacturer and 


the user of turbines adopt a radically differ¬ 
ent attitude toward the^dentifiefside of con- 
-purrent turbine design and laboratory tests. 

F. H. Rogers (Philadelphia, Pa.) in his 
discussion presented considerable of the 
history of the development of the propeller, 
turbine, in particular, the achievements 
made in the United States. He referred 
to the Greafc Falls development of the 
Manitoba '’Power Company* undertaken in 
1921 when the Dominion Engineering 
Works, Ltd., proposed I. P. Morris pro¬ 
peller, turbines of 28,000 hp unit capacity 
for a head of 56 ft. At that'time a cavita¬ 
tion theory for She propeller turbine was 
developed utilizing data from marine pro¬ 
peller experience. He also referred to the 
early work of L. F. Moody, an American en¬ 
gineer, who first demonstrated that for a 
head range more than double that previously 
attempted, equal or greater efficiencies with 
freedom from cavitation could be secured by 
the Use of large areas for the blades. 

In connection with this subject R. V. 
.Terry (Newport News, Va.) told of a rfew 
type of adjustable propeller turbine now in 
the process of development. The vanes 
of the runner are adjusted automa tical ly* 
by the water flow, assuming the most 
efficient angle for any head and for any 
load within the capacity of the turbine. 
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field as a pionoer in mass production of cop¬ 
per fipm low grade ores. The* improve- 
ments'in the production of copper conceived 
and originated by Mr. Jackling have re¬ 
sulted in a greflt increase in the world’s pro¬ 
duction of copper, and aVeduction iri its cost. 
The electrical industry, as well ag many 
other modem industries, are greatly in¬ 
debted to Mr. Jackling for these improve¬ 
ments in the production of copper. 

Mr. Jackling was director of explosives 
for United States govemmeirt*during the 
World War and in this capacity performed 
distinguished service. * He is also esteem^! 
in many sections of the western United 
States for his interest in the co mm unities 
which under his direction have been built up 
at the properties of whjph he «is the head. 
He is president and director of several cop¬ 
per mining and related companies. For his 
public $nd industrial servi&s he has been 
honored by the distinguished service medal 
of the United States Government in 1019, 
the gold medal of tffe Mining and Metal¬ 
lurgical Society of America in 1926, add the* 
William Lawrence Saunders gold medal of 
the American Institute of Mining and 
Metallurgical Engineers in 1030. * 


John fritz Medal 
fori 933 'Awarded 

m * n 

The John Fritz Gold Medal for 1933 has 
been awarded to Daniel Oowan Jackling for 
"notable industrial achievement in initiating 
mass prodqftibn of qppper for low grade ores 
through application of engineering prin- 
dples." The award was made by a board of 
16 representatives 'if the 4 national engineer¬ 
ing societies. '* <* 

Mf. Jackling is the twenty-ninth engineer 
to receive the John Fritz gold medal, which 
is awarded not .oftener than once a year for 
notable scientific or industrial achievement 
without restriction on account of nationality 
or sex. It is a memorial to the late John 
Fritz, a leader in the American iron and steel 
industry; the first Tnedal was awarded to 
Mr. * Fritz in 1902 in celebration of his 
eightieth birthday. Members of the Insti¬ 
tute who have received this medal include: 
Elfhu Thomson (A’84, JF’13, HM'28, mem¬ 
ber ^for life, and past-president); Guglielmo 
Marconi (HM’17); AmWose Swasey (HM 
’28); rEdwdrd D. Adams (A'10); Elmer A. 
Sperry (M’29); John J. Carty (A'90, F'13? 
HM’28,* member for life, and past-presi¬ 
dent) ; Herbert HoovertHM’29); and M. I.> 
Pqpin (A’90, F’15, HM’28, member for life, * 
and past-president). Other John Fritz med-. 
alists, np longer living, include: George" 
Westinghouse (A'02); Alexander Graham 
•Bell (A’84, M’84, aqd past-president); and 
Thomas A. Edison (A’84, M’84, HM’28). 

Mr. Jacklijig was born at Appleton City, 
Mo., in 1869 and %as graduated from the 
•Missouri School of Mines in 1892. After 
spending a few years in teaching and in tech- 
incal work in connection with mining opera¬ 
tions he turned his attention to coi&truction 
and operation of metallurgical works and 
embarked updh his notable career in. that* 


DECEMBER 1932 


Noted Engineer 
Honored on Retirement 

Robert Ridgway, chief* engineer of the 
board of transportation of,the City of New 
York, N. Y., retired on November 1, 1932, 
after having worked? for “the city for 48 
years. On the date of his retirement he 
was the guest of honor at a dinner given* 
at the Engineers’ Club by 105 leading en¬ 
gineers of the country.'* A^featur^ of this 
event was Mr. Ridgway'# tribute to those 
who had worked with him during this period. • 

Mr. Ridgway was bom in Brooklyn^ 
N. Y., in 1862. Although he secured his 
education in the public schools of Brooklyn 
and at home, he hdfe received honorary de¬ 
grees of M.S. in, Q.B* from New York. 
University in 1915, A.M. *froift Harvard 
University in 1925, and doctor of engineer¬ 
ing from Lehigh University in 1929. After 
spending 2 years with the Noffthem Pacific 
Railway as chainman, rodman, and lewder 1 
in Montana and Wisconsin,, he entered the 
employ of the aqueduct commission of . 
New York City in*l884 and remained with* 
the city from that time until his retirement. 
During this period he has supervised the 
construction of many of the city’s subways, 
and elevated lines and built many of the 
tunnels and aqueducts which have been pf 
such tremendous importance to the develdt)-* 
ment of this dty. He has also been* a 
member of the Chicago Traction add gub- 
way Commission, chairman of the board of 
engineers for the Jransbay Bridge, San 
Francisco, Calif., member of the Colorado 
River Board of the United States^ govern¬ 
ment, Hoover Dam Project, consulting 
engineer for the Japanese Government Rail¬ 
ways and to the dries of Tokio *and Dsaka, 
and consulting engineer on subways for the 
Cfty of Chidago.. Mr. JRidgwa^ is a member 
o* several engineering and scientific socie¬ 
ties and is a pastrpresident of the American 
Sodety of Civil Engiiffeers. 

■* : . .<** • ; ■ :• 
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Unemployment Relief Plans 

ThrougK 9 ut # Country Progressing 


* Considerable experience in means 

# for alleviating unemployment and providing 

* relief to the more destitute members of the 
engineering profession wasggaitted during the 
winter 1931-32 by magy Sections of the In¬ 
stitute. Thfc^xperience is proving of great 
assistance in the forjnulating of plans for 
reTief to engineers during the^oming winter, 
and should make the 1932-3# efforts even 
more effective than those of last winter. A 
summary of the activities of some of the 
Institute’s Sections, during the past winter 
was given* in Electrical Engineering for 

■ November 1932, p. §09-13. 

For the coming winter, most of these 
sections report that the activities planned 
, ate similar in scojfe to those of last year, 
although changes are # being made in the 
fnethdtts of securing work and of providing 
financial assistance. Sections generally have 
•founc^ that* the conducting of surveys of 
industrial organizations in their community, 
for the purpose of determining positions 
which might be filled by menpn the unem¬ 
ployed list, have produced meager results. 
However, where an energetic campaign has 
been conducted to create new positions in 
industry and to "sell” business organizations 

• of all sorts, including the wholesale and re¬ 
tail distributing units, even department 

, stores, or* the idfea of using engineers in 
positions, for whjph ij was not previously 
realized that they were valuable„the results 
have beftn surprisingly successful. The 
possibilities of extending this type of work 
are realized by many of the Sections, and 
others doubtless would do well to give con- 
sideratiqp to impossibilities. 

In most locaflitfess the Institute Sections 
•are cooperating with the local Sections of the 
other engineering societies in assisting the 
local civic organizations that are providing 
relief to the entire community. One of the 
mcgt important lessons tiiat was learned last 
»year in the locpliti« wha?e this type of re¬ 
lief was attempted is that the engineers 
must, themselves, remain active on the civic 
relief groups, in order to insure that the 
members of *their own profession secure 

p thei* proper proportion of relief. This has 
been found to apply not only to providing 
# empl<jyment, but also t<* the provision of 
financial assistance to those for whom no 
employment is found. TJie importance of 
this phase of the work needs to be empha¬ 
sized in many cctamunities. The local civic 
bodies carrying on the general relief work 
arc almost universally capable and anxious 
*lo*be impartial. However, activities *of 
other ^groups require that out of loyalty to 
thei|; profession, Sections of the Institute 
should secure representation on these civic 
bodies, and should add fheir voices to secure 
a fair distribution of relief to all industrial 
groups. „ 

In the campaign for funds to be used this 

winter, effort is. being made in several 
gommCnities to increase the number m of 
contributors to these funds,*rather*than to 
increase th% junount pf individtfid contritfU- 
tions. The fairness of this plan needs iy» 
comment here.Willingness.is being shown 
also by those still employed to cooperate in 
• e> * 
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i the plans for spreading work among the 
: largest number possible and thus reduce 
cases of extreme hardship.. The larger 
cities, of courseware the most active in pro¬ 
viding unemployment relief because it is in 
those coWiunities that the greatest need 
occurs. It is in the larger cities, however, 
that the greatest^ difficulty is encountered in 
making contact with needy cases. In the 
smaller communities, especially those not 
haying many industries, concert^! actidh*by 
engineers has been found almost unneces¬ 
sary, partly because more intimate contact 
between members of these communities is 
, possible and partly because those requiring 
assistance are more likely to be aided by 
their friends and acquaintances. • 
Letters have been received from many 
Sections of the Institute, outlining the ( 
plans for the coming winter. Soipe of these * 
are summarized or printed in full in the fol¬ 
lowing paragraphs in the hope that a circula¬ 
tion of these ideas may be of assistance to 
other Institute Sections. 

New York City 

% • 0 

. In the metropolitan area of New York, 
N. Y., the local Section of the Institute ^s 
acting through the Professional Engineers 
Committee on Unemployment, the activi¬ 
ties of which last year were presented in 
some detail,in Electrical Engineering 
for November 1932, p. 809-11. Activities 
for 1932-33 were started by the chairmen of 
the New York Sections of 4 national engi¬ 
neering* societies getting together and de¬ 
ciding ujfbn the work to be done. **An«rgani- 
zation was formed with Rear Admiral. 
Frederic R.; Harris, retire^, as general chair-* 
man. H. deB. Parson?, who was general 
chairman last year, is serving this year as 
chairman of the advisory committee. As 
last year, United Engineering Trustees, 
Inc., is acting as treasurer. The working 
committees for the coming year are. as fol¬ 
lows: finance committee, T. F* Barton 
(A-12, F 30), chairman; relief committee, 
Ole Singstad, cfiairmai^ publicity commit¬ 
tee, E. E. # Dcgting (4’13, M’22), chairman; 
and clearance committee, Alfred D. Fliijn, 
chairman. 

One change from |^st year is in providing 
for contributions to be paid in weekly pay¬ 
ments extending <*er a period of 20 weeks, 4 
in addition to the alternative of making do¬ 
nations m 5 monthly payments as was pro¬ 
vided last year. Following, are excerpts 
•from a statement mftde by the *hairW of 
the New York Section of the Institute. * 

• The incoming committee i^ impressed 
with the organization developed l^st vear, * 
and realizes fully the successful outcome of 
their, efforts in providing'relief to engineers, 
in the [N. Y.] metropolitan territory during 
1931-1932. The plans for thisjyear’s opera¬ 
tions will not depart frotfi those of last year, 
and with the early start made we»expect to* 
accomplish as much as last year, and hope 
to do even more, since jwe are convinced that 
the detriUhd this year will exceed that of last 
yeair. The uijited ®ffort of local sections of 4 
Engineering societies in this wbrk results ii^a 


• umt^ or purpose and in efficiency and econ¬ 
omy in handling the work. We feel that 

• we are able to accomplish our objectives by 
providing: 

r * 

"1. A suitable plaae for the registration of unem- 
plojjpd engineers, both members and non-members 

• of the societies. * 

: ‘ 2 - An organization for theTg&iciting of funds to 

be used entirely for relief purposes. c : 

"3. Establishing contacts with other relief com- 
mittees in the Community and in this way obtain 
tempofcry employment for a large number of the 
men registered withTus.J? „ ® 

‘iOur refistrants^are primarily interested^ 
in obtaining work, and it is gratifying that 
by far.the huger part of our relief comes as a 
result of obtaining employment for these 
men. Last year foy each dollar expended 
by the Professional Engineers* Committee 
on Unemple>yipent4n direct relief, a total of 
approximately $6 was paid to our regis* 
trants for wdrk created by«other relief or¬ 
ganizations in the .community and paid for* 
by them. (Editor’s ftote: Efforts of 
the P.E.C.U. in securing for engineers a 
proper proportion of the relief afforded by 
the Emergency Unemployment Relief Com- 
miftee* of New York City has been an im¬ 
portant phase of the- work and is* one that 
can be duplicated easily in any community.) 
This year we are assured of the hearty'co- 
operation of other relief agencies, and if 
possible this year. we’Vfo-ould like to increase 
the 6:1 ratio to an even higher figure. 

"Contributions from our members and 
friends to date*are in line with last year, 
and we are confident that our membership 
with the full realization of the problem at 
fcand will respond liberally so that the total 
amounts collected for the year will be grati¬ 
fying, not only to the committee but to the 
membership at large.” ° , 

Plans of Some Other Cities 

Excerpts of letters received from some 
other of the sections follow. In presenting 
this information an effort has been made to 
include suggestions for the coming year. It 
is felt that records of last year’s accomplish¬ 
ments, however important? were covered to 
a considerable extent by {he article in Elec¬ 
trical Engineering for November 1932, p. 
809-13, previously referred to. 

The relief program in Boston, Mass., Un¬ 
dertaken by the Emergency Planning and 
Research Bureau, Inc., was reported in some 
detail* in ^Electrical Engineering * for 
November 1932, p. 811-12. The following 

^statement of the Honorable Joseph B. Elyy ? 
Governor of Massachusetts, indicates the 
value of this*work: "Several of the state * 
boards lack the necessary funds for obtain- . 
ing information which is very desirable for 
the conduct of their work. The Emergency 
Planning and Research Bureau hds taken 

. over this work, and has already furnished the' 
^ate agencies valuable data which would 
not otherwise have been available# 1 ’ Qf 
interest also is the following statement of 
Philip C|.bot, head of the department of 
public utilities, graduate school of business 
administration, Harvard University: "You 
(the members of the engineering and archi¬ 
tectural societies of Boston) have recognized 
better than others that the cost of planning r 
is far less than the expense^of correcting 
errors and of living with mistakes; 'that the 
losses imposed by uncoordinated, ’'sporadic,* 
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* and Parochial envelopment will not»long be 
<i tolerated, and that when the time comes for 
broad planning, facts must be available on 
which it can be based. You have grasped 
the fact\hat*slack times should be used for 
compiling and interpreting facts which will 
be needed in busier periods. You flhve 
properly confined jyour work to the coHec* 
tion of those facts which will be essential to 
those * organizations ^hich in the future 
must plan the development of'this crowded 
^strict* .. • • ^ 

F/om the Philadelphia' Section:’ “Our 
" experience indicates a campaign*for raiding 
funds by the affiliated societies for the pur¬ 
pose of relief should be carefully approved 
and an organization established thoroughly 
in accqrd with the proj^st before launching 
into the campaign. One of’thq chief diffi¬ 
culties is personally confecting the member¬ 
ship. Taking Philadelphia for illustration, 

<* the members Teside throughout Philadel¬ 
phia and the suburbs, part of Pennsylvania, 
New Jersey, and Delaware. Subscription 
cards were prepared with the name and ad¬ 
dress of members and for the A.I.E.E. were 
ar^nged by fiijns and by geographical loca¬ 
tion, so as to facilitate the work # ofsoliciting 
on the part of those members on the fund 

* raising^ committee. It was not possible 
personally to contact the membership out- 

' side" of Philadelphia and the immediate 
suburb*. In these*''eases, an appeal was 
made by letter. The most effective way to 
raise funds is through official endorsement 
and solicitation being carried on among the 
technical employees by the firm; next is by 
personal contact, the smallest contributions 
being received in amount as well as in nunv 
ber by letter.” 

Also, the following is taken from an ar¬ 
ticle describing the work of the Philadelphia 
, Technical, Service Committee (see Elec¬ 
trical Engineering for November 1932, 
p. 813 and July 1932, p. 526): “Too little 
emphasis ordinarily is placed upon the ne¬ 
cessity for providing useful work for these 
unemployed to perfotm along the general 
lines of their experience and capabilities. 
£fter a man has been out of work for an 
extended period find has tramped the streets 

in a useless endeavor to find a job, he begins 
to lose confidence in himself and in*his pro¬ 
fession, and he needs the kind of job which 
requires him to use his brain and to employ 
the experience which he has acquired in pre¬ 
vious positions.” * 

Bounds raised by the Pittsburgh Section, 
totaling $646.25 for the months of June to 
% October, inclusive, 1932, are turned oyer to 
the Engineers’ Relief Committee of Pitts-'* 
m burgh which, as of the first ft of November 
, 7932, had raised approximately $11,000. 
Distribution of these funds, as of May 28, 
1932, was reported in Electrical Engi¬ 
neering for November 1932, p. 813, and is 
•divided between loans and contributions to 
individuals. It is stated that “it is plann^i* 
tP continue the work during the winter in 
much the same way as it has been handled 
in the past. The relief work has done a- 
great deal of good, although it is on a small 
• scale, since it has helped men who would 
probably not have received help through 
the ordinary relief channels.” 

**•9 From the Dallas Section: “The Dallas 
Section has *o formal program of unem- 

• ploymetft relief activities to. be undertaken 
-*during 4 hte coming winter, dt i^not thought 
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.that a formal program here can be justified, 
because of the relatively small number of 
? unemployed engineers'and of the compara¬ 
tively few opportunities in this Section’s 
territory for additional technical employ¬ 
ment. The members of Dallas Section as 
individuals cooperate with the local civic 
relief organizations, Which have under way 
now a drive for funds.” 

From the Spokane^ Section: “Our pro¬ 
gram for unemployment relief for the com¬ 
ing winter will be the same as that prac¬ 
tised^ last year. This donsisted of cooperat¬ 
ing with the local group of Associated Engi¬ 
neers. This organization'is comprised of 
engineers of all branches and holds weekly 
noon-day meetings. Their unemployment 
committee is composed of a representative 
from each of 4 local sections of national 
societies. This committee has functioned 
satisfactorily in the past. It has been in¬ 
strumental in locating jobs for numerous' 
men. Its members have contacted many 
employers to whom they have told the story 
. of why engineers should be employed in iCl- 
’ most any line of work because their training 
as engineers has fitted them for work over a 
broad range. At present there are prac¬ 
tically no unemployed electrical engineers 
who are members of thjs section. They 
have found* work in various other lines, es¬ 
pecially commercial.” <* 

Independent Action Taken 
•by San Francisco Section 


From the San Francisco Section: “Our 
activity; in San Francisco has been purely 
within our own Section. The other so¬ 
cieties Ih San Francisco have so far as I 
know taken care of th$ir own members. 
This plan has worked very well here. It is 
in keeping wjjth the suggestions of President 
Hoovqj asfegards dhtional relief and that is 
9 that each community t$ke care of its own 
^needy. It has proved very efficient and 
without waste. The collection of the relief 
fund is based upon an administrative period 
of ?> months. Actual experience in the 
operation of the fund during the first 6 
months showed a surplus and it was decided 
to carry this surplus over into the fall and 
whiter period rather than return it to the 
original donors, this on the theory that the 
unemployment situation * would become 
more acute at that time. Accordingly, the 
fujid was divided into 2 parts* a small 
"amount being held for current necessities 
and thq,balance placed in a savings account. 
No attempt was made’to collect delinquent 
pledges, and voluntary^ntributions were 
discouraged We, therefore, find ourselves 
in a position to enter the fall and white* 
period with % reserve fund on hand, and- 
anticipate $o difficulty in meeting possible, 
drains upon the fund through a revival of* 
th? pledges and voluntary subscriptions. 
We ar& particularly fi^tunate in San Fran- - * 
cisco'in the rather dose affiliation among 
^the members of the 4 principal engineering 
societies; for instance, through the inter¬ 
locking directorship of the San Francisco 
Branch of tiie Engineering Societies Em¬ 
ployment,. Service. Unless the situation 
proves exceedingly difficult, we look forward 
tt> carrying on,through the winter season 
with a fair degree pf success thwsugh the 
operation: of the relief fqpd. 'The funds are 
in the hands of a trustee and are adminis-* 
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tered separably from the -funds of the £ar 
Frantisco Section of the A.I.E.E.” , 

FfDm the Atlanta Section: “The At¬ 
lanta Section was instrumental in having an 
executive committee consisting of*the chair- 
’ men of the electrical, ^hechanical; and civil 
engineers and architects to consider this 
(unemployment) problem. This executive 
pommittee has been in operation approxi¬ 
mately 9 months,«and has been instrumental 
in assisting engineers to find employment 
within our district. 1 1 f an'^agineer needs 
assistance the matter is brought to the at¬ 
tention of this coifimittee and" a very 
definite effort's made by us to find part 
time employment or some otiu 3 r means of 
assistance. The situation in regard to 
engineers in Atlanta and 6 eprgia has not 
been as severe as in otfier states.^ Most of 
the firms in this vicinity have cooperated on 
the bqsis of sharing the engineering work. 
For instance, a company employing quite a 
number of engineers have reduced Jthefr 
work to a half-time‘*basis so that as many' 
engineers as possible could be given* live* 
lihood. Also, a number of engineers that 
were released have found employment in* 
other lines within the state n I do'nof mean 
to imply that we are m a positioS to absorb 
additional engineers in this district, but do 
feel that we have been instrumental in 
assisting "engineers in keeping in employ¬ 
ment. We have not given very much pub¬ 
licity to this activity rather depending upon 
the members of the Societies mentioned 
above to bring to our attention worthy cases. 
So far we have confined, our asj g istnnrp to 
members of the societies mentioned above, 
but in case of a wortliy cahse we would also 
assist an engineer not affiliated vftth otie of 
these societies.” ■ * 

* 

4 Per Gent Loans 

Made by Portland 'Section 

*>• * 
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The Portland Section, ,as outlined in. 
Electrical Engineering for November' 
1932, p. 813, is working with the Oregon 
Technical Council in making loans to engi¬ 
neers at 4 per cent interest., further* in¬ 
formation from* this Sgption follows: % At 
present we are soliciting subscriptions for 1 
funds to be used for Joans this winter as our 
balance is getting low and only on£ note 
has been repaid. Last year, we had rela¬ 
tively few large subscriptions, but thisyrear* 
we are trying to getfe large number 9 f small 
subscriptions. T£e local section ok each 
founder society spirits the funds and pays* 
all expense of the solicitation, while the ad¬ 
ministration and* expense of handling this 
fund is paid by the Oregon -Technical Coum. 
cil. In conjunction with this loan fund, we* 
have an„employment committee which has 
befen successful In placing many engitteers*in» 
such places as timekeeper, foremen qp con¬ 
struction jobs, watchmen, and many other 
jobs.” - . * 

(*From the Milwaukee Section: "All of 
tl^ work of tlie'Milwaukee, Section of the 
A.I.E.E. has been in connection with the 
work done by the Engineers Society of Mil¬ 
waukee, with which we are affiliated. The * 
Engineers Society -has appointed a special 
investigator t(f collect, information on thfc 
msemployment of engineers, through ques- 
tjpnnaires among the niember^and through 
personal solicitation regarding the possi¬ 
bilities of work among employers. The re- 
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suU pf this work has been to r^how that ap- dSropping men from payrolls. There is not 
proximately 150 engineers are without em- a very largtf membership in the other engi- 
ploymgnt at the present time. A recent neering societies in *this locality and thus 
secondary Questionnaire determined that, far, conditions do not seem to warrant the* 
among these 150, *)nly*2 are 19. serious dis- establishment of any particular program of 
. tress. These men 'are being helped by* relief work. This is the consensus of ppin- 
monthly appropriations from the funds of ion of our executive committee. We be- 
, tbe Engineers Society. There seems to be lieve that, in general, our membership is 
little prospect of increasing the employment favorable to still further reductions in indi¬ 
in the near future from industrial sources, vidual incomes*if necessary to avoid total 
However, a considerable amount of munid- unemployment. There is, of course, a limit 
pal and government work is under contem- to the extent to which this practise may be 
plation v and it is expected that some place- carried and it is entirely possible th^t we 
rffents will be possible in tips manner. It may eventually find it necessary to give 
appears that the depression riias in many some special,consideratiob<to relief work, 
cases required engineers of a high grade and 

of good professional standing to take up State Funds • 

work in other lip^s—in many cases with Used in Chicago ° 

marked .success.' This may mean a per¬ 
manent displacement of men of this type From the Chicago Section: "The C 
into other t>f Work.” . cago Section in cooperation with the ot 

From the Utah Section: "The member- * engineering sodeties is activdy working 
ship, of this Section numbers about 53. At tbe following program. State funds h 
' present it does not setm advisable for it to been Provided for unemployment re] 
•take «Up independent relief work. Engi- P 3 # of which are devoted to direct re 

neers in this section of the country are indi- sucb M supplying food and other essenti 

• vidually jdining in the general re lief move- and another part to the payment for act 
ipent careied *on through cooperation of *^ork performed for munidpalities and ot 
•sodeties, dubs, and local groups.” public bodies. Work of the latter nat 
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Used in Chicago 


Fewer Unemployed 

Engineers Listed in Colorado 

From the Denver Section: "The Denver . 
Section, as the other Colorado sections of 
4 natiohal engineering sodeties, has com¬ 
bined its efforts toward relief of unemployed 
engineer with Jhe Colorado Engineering 
Council, in the same maimer as done last 
year. Pledges to th<$ Citizens’ Unemploy¬ 
ment Committee are marked 'For relief of 
engineers’ and funds so derived are made 
available to the Colorado Engineering Coun¬ 
cil’s reljef coiqjpit&e. Approximately 190 
. engineers and aiftftsmen are listed with the 
• committee at present. This is less than at 
«th*same time last year, although in the late 
winter the number reached 247 last year, 
with an increase antidpated this year. Ap¬ 
proximate^ «10,000 w^ distributed in this 
«way last year. We hope that the funds 
made "available m this campaign will be 
greater. The men hafke been employed on 
engineering work which, if resulting in con- 
, struction, will produce employment for a 
large number of men, such as flood control, 
dty (hives, and parks. Direction of this 
worl$has been done by prominent engineers 
who have donated their ^services. Men are 
paid $3 a day employed, and the work is ro¬ 
tated to distribute the benefits as ^ar as 
">possible;” 

From the Oklahoma City Section: "We 


From the Chicago Section: "The Chi¬ 
cago Section in cooperation with the other 
engineering sodeties is activdy working.on 
the following program. State funds have 
been provided for unemployment relief, 
pa# of which are devoted to direct relief 
such as supplying food and other essentials,* 
and another part to the payment for actual 
Jtvork performed for munidpalities and other 
public bodies. Work of the latter nature 
has so far been prindpally confined to com¬ 
mon labor, but the engineering*sodeties are 
now working on 2 specific phases of a pro¬ 
gram which it is expected will make it pos¬ 
sible to care for many, i^not all, of*the engi¬ 
neers in need of rdief during the coming 
winter. The first phase of the above proj¬ 
ect consists in finding types of worl? suitable 
for engineers, such as making traffic studies, 
bringing engineering^ records of .Ihe dty 
and other ifiiblic bodies up to date, all of 
which cannot be done with the present em¬ 
ployed forces. The second phase Consists of 
fi n di n g the engineers who aje in need of 
help, making the neCCssary afessification, 
and seeing that they obtain work of a suit¬ 
able nature, as outlined above. In addition 
to the above, ^certain o£»the local sections of 
the engineering sodeties are making direct 
loans to needy members, although thft ex¬ 
tent of this work and the amount of money 
distributed is relatively small.’' 


Electragists Revert to Original Name.—At 
the annual meeting c# the Assodation of 
Electragists..International, held in Kansas 
City, MA, October 10-12, 1932, it was Re¬ 
dded by unanimous vote to change the 
name of this association to the National 
Electrical Contractors’ Assodation. This 
latter name is thagme under which it**Was 
organized 31 years ago. The* trademark 
• ’Electragist’’ will still be used in conjunc- 


r - r 

the* pdhnanent improvement of banking * 
conditions, it would be an illusion to con- * 
dude that they are capable of providing a 
lasting solution of the American banking 
problem. Many aspects of r the r banking 
situation are discussed, and the significance 
of the startling developments in the field 
•of banking that have tatfess place during the 
last 2 years are set forth luridly iG this re- 


have read of the activities of various Sec- tion with the assodation ngme as identi- 
tions in unemployment relief work in ^fche • fication of membership. *•; 

March and November 1932 issues of the * * • 

EL^cfhiCAL Engineering and are deeply * 

impressed by the efforts described and would ‘Report on Bankingwlsshed.— After’ an ex- 
£ e t gla< J “? eed co °^ but * to the Sentxal haustive study of the banking sitStion by 
S n A had We ^ y its staff experts, the.Nationaf Industrial 

a matter of fact - th*.- Conference Board, Inc., has issued a report 
f>ntnr^r?hi seems not at aU under the title "The Banking Situation in 

th«tm-the more populous the United States." Ofte.of the conclusions 

StiSllv^rnr 0 doubt ’J° the fact tfiat reached by this study is that the various? 

our m p nbers Me the em- measures recently enacted by Congress 
v rgJimz £ atlons Vbichf for the relief of the financed situation Ae 

wotttT. *“ . United*^ are for the most paTtT-. 

thus avddinf th? d porary expeventsf and that while some of 

VOldmg ^ ^stress j occasioned by •than may contribute in a certain degre^to 


World’s Fair 

• • * 

Electrical Group Dedicated 

• * f 

The electrical group of Chicago’s 1983 
World’s Fair—A'Century of Progress Ex¬ 
position—eomprising the radib hall, conf- 
fnunications hall, and the electrical b uilding ; 
was dedicated on* Wednesday, October 12, 
1932, under the auspices of the Electric 
Assodation of Chicago. B Y E. Sunny (A’03, 

. F’13) former president andrchairman bf the 
IUjpo^s Bell Telephone ^Company, and* di¬ 
rector and, member ©f the executive com¬ 
mittee of the General Electric" Company 
delivered the address of dedication. -Mr. 
Sunny is a trustee of the 1933 Exposition 
and was a director«of.the World’s Col umbian 
Exposition of 1893r" : W. O. Betchelder 
(A’08), president of the Electric Assodation 
of Chicago, presided at the ceremonies. 
Rufus C. Dawes, president of a Century of 
Progress Exposition, spoke on behalf of 
the fair. 

• The dectrical group is a huge sickle¬ 
shaped structure nearly V< mile long which 
rises on Northerly Island and faces a .beauti¬ 
ful lagoon opening into L£ke Michigan. 

A bridge connects it with the HaJ.1 of Sdence r 
which is located opposite $n the mainland . 
The story of the development of electridty 
for mankind’s uses which has occurred in 
the century which the exposition will cele¬ 
brate will be unfolded by means of moving, 
animated exhibits in this group of buildings. 
Manufacturers of dectrical machinery, 
equipment and supplies, producers of dec¬ 
trical cjjpvices of all'descriptions, radio manu¬ 
facturers, and companies providing the 
nation with telegraph and telephone service 
have already contracted for extensive blocks 
# of space in the dectrical group and are de¬ 
veloping their exhibit plans. 


• . * f^- 

Sale of Electrical Goods in Southwest 

Analyzed.—The answer to the question of* 
'who gets the consumer’s dollar spent for- 
dectrical equipment and supplies in the 
Gulf Southwest hardware trade is one of the 
interesting sidelights brought otft in the 
. Department of Commerce’s newest reg ional 
Commercial study "Hardware Distribution 
in the Gulf Southwest.” This publication 
offers to interested manufacturers aqd dis¬ 
tributors a thorough study of the wholesale 
and retail structure of the trade in this 
territory. Among the findings brought out 
are that approximatdy 28 cents of each 
dollar spent for dectric wiring supplies by 
customers of the hardware trade is retained* 
by the retailer, 14 cents goe^to the«whole- 
saler, and the remaining 58 cents g^es to the 
manufactiiier. * In-small ele&ricai applic 
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• ances it is revealed ths£ the split-tQ) if 32 

• cents to the retailer, 12 cents to the whole¬ 
saler, and 56 cents to the manufacturer. 
Other products show different distributions. 
The average gross profit margin of electrical 
wiring supplies was found & be 19per cent; 
small qjectrical appliances, 18 per cent; 
mechanical refrigerators, 33 per ceht;* 

. radios, 28 per cent; and vacuum cleaners, 
21 pir cent. Copies the report may be 
obtained at 40 cents each from the Super- 
iqjfcendent of Documents. GovernmentjPrint- 
ing Office, Washington, p. C.,.or from dis¬ 
trict offices of the Buredu of Foreign ind 
Domestic Commerce in principal cities of 
the country. • • • 


* • 

.Volume‘Issued on •• 
Geophysical Prospecting 

“Gjgophysic&b prospecting methods are, 
• in final analysis simply means of geological 
surveying. Aftnost every variation • in 
- physical .properties * of rocks? minerals, 
and ground waters gives rise to anomalies 
* Which tftider favorable conditions might be 
m measured and used to trace formations, 
contacts, and structure!?....” This state¬ 
ment if contained*"in the foreward of 
“Geophysical Prospecting, 1932,” a new* 
volume on a new science, published by the 
American Institute of Mining & Metal¬ 
lurgical Engineers. The doth bound 
volume can be secured from this organization 
at 29 West 39th Street, New York, N. Y.? 
at a cost of $5 postpaid in the United States. 

The contents of this work indude': 2 
paperf evaluating the geological utility of 
• various geophysical methods; 4 papers 
containing descriptions of the application 
of dectrical geophysical technique to the 
study of geological problems of a type to 
interest dvil engineers; 2 papers describing 
the use of magnetic methods for investi¬ 
gating subsurface conditions; a discussion 
of the effect of qjoisture in rocks and soils 
on their dectrical conductivities; a de¬ 
scription of the construction "and *ises of 
geophones; and numerous other papers 
dealing with spedal phases of dectrical, 
magnetic, sdsmic, and gravitational 
methods in geophysical exploration. « 


%Bowfer Use . on Farms Increasing.—An 
analysis of the use of power machinery on* 

• the farm is presented in a recent issue of the 
•bulletin of the National Industrial Con¬ 
ference Board, Inc., New York, N. Y., 
which states that the hand methods formerly 
in use required about 60 hr of labor for one 
. man to harvest and thresh an acre of wheat, 
whereas with the self-binder and stationary * 
threshing machine, the time was cut to from 
4.5 to 8 manhours, and with the coming 
of the “combine,” the manhoyrs were 
reduced to from */* hr to l 1 /* hr. The 
gain in efficiency per worker achieved by 
these mechanical aids is from 4,000 to 12,000 

• per cent, with a consequent labor displace- 

• ment of 97.6 to 99.2 per cent. These 
figures are b^sed upon the records of the 
principaf wheat growing states of this 
Country. "tht greatest, gaife i» efficiency 
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being noted in California. The continuance 
of this trend is pointed out in the bulletin, 
^indicating the possible'elimination at some 
future time of wheat farming where- such 
machinery is not used. Although tractive 
pow^r represents the chief use of mechani cal 
power in fanning Operations, there has been 
a considerable use of electridty in farming 
where central»power stations are accessible. 


Accidents Reduced by Highway Lighting.— 
During the past 18 months, 2 main high¬ 
ways in Schenectady County, New York 
State, have been illuminated "at night by 
highway luminaires. During this period 
the*2 highways have had 42.3 per cent fewer 
night accidents than during the preceding 
18 months, and 21.2 per cent fewer day 
accidents. The emphatic reduction in 
night accidents, which is double the im- 1 
proyement in day aeddents, doubtless is 
due to the installation of highway lighting, 
as other road conditions have remained 
' unchanged. 


Hoover P Danri 

Cableways Ordered 

Jn connection with the construction work 
at Hoover Dam, the Six Companies, Inc., 
recently' awarded contracts for 6 20rton 
cableways. These cableways will be used 
to raise excavated Material from the canyon, 
place cehcrete in the dam, -?and han d l e 
equipment and materials^ Two cableways 
with meving towers running on tracks 
benched on both the Nevada and Arizona 
sides, with*, spans rt>f 2,580 ft e$ch, will 
serve t&e spillway area. The dam site will 
be covered by 2 cableways of simil ar type, 
but with spans Q£ 1,380 ft each. The 
fifth cableway will be of the radial type, 
witl> a 1,365 ft span, and will cover the 
lower portals of the spillway and penstock 
tunnels. 

Six contracts have been awarded for the 
various oparts of this equipment. The 
motors and control equipments are now 
being shipped fron^ the East Pittsburgh 
works of the Westinghouse Electric and 
Manufacturing Company and* include 
6 1500-hp 585-rpm main hoist and trolley 
motors for the 5 20-ton cableways, 9 motors 
rangingln size from 75 to 150 hp for moving 
the e **cable towers sideways, and 33 control 
boards. All motors are o? the wound rotor 
type,*operating from 2,300-volt 3-phase 
60-cycle power, and equipped with fulP 
magnetk reversing plugging control. 
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Manxjpl .on Endiftancje of Metals Avail-" 
able.—In 19,27 the Engineering Foundation 
published a “Marfual of the Endurance of 
Metals under Repeated Stress” in which the 
views and d^ta upon the fatigue of metals 
were summarized, fbr designers, inspectors, 
told testing engineers. The Engineering 
Societies Library, 29 West 39th Street, New 
York, N, Y., has acquired the remaining 
stock of this work and will be glad°to send 
a copy to any one interested; ripon receipt of 
2^cents to cbvftr shipping costs.. • 


Montefictte Award 
fSr 1932 Announced' 

- The George Montefipre Prize, which is 
awarded triennially for articles published 
during the 3 years preceding the award, has 
been determined for this year by the jury 
which met at-Liege, Belgium, October 1 
and 2, 1932. prize, which this year 
amounted to 21,500 ix., has. been divided. 
Three articles were chosen: ^ these are by 
L. Barbillion, engineer, professor, at the 
University of, Grenoble; A. Guilberl, 
Doctor of ScSences, engineer in^Paris, and 
C. J. van Griethuysen, engineer at Marci- 
nelle. Electrical Engineering for Febru¬ 
ary 1932, p. 135 carried an announcement 
of this award, inviting the submission of 
articles to the jury. 

The 'award is for the best original works 
contributing to the scientific or technical 
advancement of electricity. The authors _ 
may be from any country. The prize is " 
administered through the Associatitfh des - " 
Ingenieurs Electriciens, or a national 
electrical society of Belgium. This a^socia- 0 
tion is an outgrowth of the Ihstitftt Electro¬ 
technique Montefiore, which is attached to"' 
the University of Liege. 

The jury, under the direction ofOpier De 
Bast, director of the Institut ^lectro- 
technique Montefiore, is composed of 10 
electrical engineers who are well known in 
the electrical industry in Belgium and other 
countries, and includes as a member A. E. 
Blondell (A’05,. HM’12),'"professor at the 
fecole National des Fonts, et Chaussees of 
Paris. The next meeting will be held in 
1935 at which a priz$,of 22,000 f?. will be 
given. 


Chromium Plating Pater? pf Doctor Fink 
Upheld.—Validity of the patent of Dr. • 
C. G. Fink, professor of electrochemistry 
at Columbia University, New York, N. 
covering commercial chromium plating, 
was sustained by can unanimous decision 
of the U.S. Circuit Co'irt of Appeals ior. 
the second circuit, in wfiicfi all claims of 
the inventor to his basic methods for chro¬ 
mium plating were upheld. The suit was 
brought by United ChromiunT, Inc., holder 
of Doctor Fink’s patent, against the Inter- • 
national Silver Company, which based its 
defense upon the*, research performed by 
the U.S. Bureau of Standards,^ the East-* 
man Kodak Company, and the Westing- 
housep Electric Manufacturing Company. 
The Court of Appeals held that this work, 
failed to anticipate the work of Doctor 
Fink, arid "that'the patent provided tjie 
method with wnich “for the first time the* 
art could turn out chromium plating with 
certainty.” The work of Doctor Fiak^was 
revealed as one of the great achievements o£ 
modern chemical research, For many years 
chemists attempted to solve <tlje problem of 
plating metals with chromium, but without 
success. Doctor Fink worked at t&e prob¬ 
lem, and after making, numerous e$peri- ! 
mqpts he finally evolved a basic? method to 
plate Objects rrith a uniform and adherent 
costing of Chromium. , He fouqd that the 
chroniium particles could $e deposited 
successfully in a durable ceating only in the 
presence of a catalyticf agent in the plating 


• . 

bath. Proper dbncentration #f this catalyst* 
in the* plating bath eliminates erratic and 
uncertain results in chromium plating, 

A 


Electrical Engineers 

Increase in* Number 

• • • 

A comparison of J.920 and 1930 census 
figures gives a vivid pictur^of changes that 
have beey. taking place in* occupational 
distribution. This data which can be 
obtained from the Superintendent of 
Documents,* Washington, D. C., for all 
occupations and* sections of the country, 
has been summarized in a recent bulletin 
of the Personnel* Research Federation, 
29 West 39th. St., New York, N. Y. The 
following paragraph is taken from this 
bulletin: • 

► “If seems that many more men have been 


entering professional careers. Only in the 
profession df veterinary surgery was there 
a substantial decline. The supply of male # 
dentists increased a trifle faster than the* 
total working population, and of physicians 
and surgeons a little more slowly; but the 
number of women in these professions 
definitely decreased! Most spectacular of 
all, there were more than ty'ico as many 
electrical engineers # in 1930 as in 1920. 
Stock brokers and insurance agents also 
more titan doubled in number. The trans¬ 
fer of functions from home to sljop • is 
reflected in the data regarding men and 
women workers in cleaning, dyeing, and 
pressing establishments. The 1930 figures 
are 389 per cent and 473 per gent, respec¬ 
tively, of those from 1920.” 

The data given in Table I summarized 
the changes in the engineering profession 
over this 10-year period. In addition to the 
males shown in this table, there were irf all 
occupations in the United States 10,752,116 
females, 127 per cent of the number em¬ 
ployed in 1920. 


ne*t, it is most probable,* that some form* 
of socialism or communism will be adopted r 
by most Western nations or by a league of 
all the nations which are predominantly 
Caucasian. r 

If the present Russian experiment proves 
successful within the next few decades, 
then a league of this kind will probably 
* hd formed at a much Surlier date. Once 
the masses of the Western nations realize 
that the masses of Russia have reaohed a * 
standard of* living equal to or approaching 
theuft, without the savage competitive 
system of the £ap/talistic world, it wocld 
be easy fpr.the leaders of the movement to 
obtain sufficient following for the establish¬ 
ment of a similar system, either by peaceful 
and Jegah methods or by revolution. If 
the 200,000,000 Russians are living happily 
witfiout unemplpjrjnent or idleness, “with 
ample time f6r recreation and with all tjie * 
luxuries which we Westerners consider 
necessities, if they have no arrogant multi¬ 
millionaires, no powerful r captains of in¬ 
dustry, no ruthless commercial warfare,- 
no crowding of the weak by the strong, it 
will not be difficult for the Western people 
to realize that there is a pew theory of 
political economy which £may bef nearer 
the ideal state than that under which they 
liffe. • r- ° * 

It sefcmS to me, b however, th^t to carry 
out Mr. Coyle’s suggestion it ‘ would be 
necessary to overcome 3 almost insur- * 
mountable obstacles. The first of these 
is the .usual inefficiency and the frequent * 
corruption of most*«govemment ^flannels. 

, If heavy taxes on large incomqfj are collected 
and the proceeds spent in public and semi¬ 
public construction, the collection and the 
expenditures must be in the hands of a 
political bureaucracy. Can we depend on 
the incorruptibility of the members of this 
•bureaucracy and on the ability with which 
their work will be performed? In view of 
the corruption and inefficiency so fre¬ 
quently found in our national, staje, and 
municipal administrations, is it possible 
for any thoughtful man to believe that" 
with our present methods of electing our 
representatives, our officials, and our 
judges, these taxes will be collected fairly 
and economically and spent efficiently, and 
honestly? The first step, then, must be 
the improvement of the morals of our 
officials, and as their morality is but a re¬ 
flection of the morality »f the citizens, $e 
must begin by improving the morality of 
the citizenship. This lack of morality is 
probably due to the complete breakdown 
of our religious systems which are the 
foundations of^our morality. If all that * 
# the citizens do toward living a better life 
is to give lip service to their religious leaders 
on Sunday and act so as to keep just within 
. the law on other days, then little can be * 
’expected of real human progress. It would 
i seem, therefore, that the first step required^ 
to insure the success of the proposed plan 
would be to* develop a high sense of moral* 

' integrity in the citizenry and that litflo 
can be gained until that is done. 

The second problem which seems difficult 
to solve is how to give a suitable^ncentive 
to inventors and promoters, and how to 
' obtain the advantages of quantity pro- ' 
Tluction, of large research and development 
laboratories. If we had had ntf large 
accumulations of capital or rather if the 
inventory, promoters, and financiers had 
not seen the possibilities of obtaining great 
wealth and power, we probably would not 
have been able to obtain, mattyof the benefits 
of the present machine age. These in¬ 
ventions may not have served to develop 
greatly the spiritual aspirations of the* 
human soul but the railroad^the telegraph, 
and telephona, the dynamo and the in¬ 
ternal conjhustion. engine, the 'aeroplane; 
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Table I—Comparison of*1920 and t930 Census Figures for Engineers 


1 . • 

• 

• U. S. A.- 

-Male * 

N. Y., 

B C .—Male 

• 

• • 

% - 

1930 

% of 1020 

• 1930 

% of 1920 


.38.077,804_ 

_115_ 

. .. .2,324,599. 

....*.. 1ft 

Civil engineers and surveyors. 

. 102,057- 

_158. 

6,782, 


Designers, draftsmen, and inventors... 
Electrical engineers. 

. 93,518.... 

....149 
... .214. 

. 5,475. 

....a..223 

Mechanical engineers. 


_141. 

4,120. 

.121 

• • * 

• 


• 

• 

• 

•;. 

• 

* 
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Letters lo the Editor 


CONTRIBUTIONS to th^e columns are invited - 
frefti Institute members an£ subscribers. They 

• should be concise a&l may deal with technical 
papers,* articles published in previous issues, or 
other subjects of some general interest and pro¬ 
fessional importance. Ecectricai, Engineering 
will endeavor to publish as mpny letters as possible, 
but of necessity reserves the right to publish them 
in whole or in pftrt, or to reject them entirely. 
STATEMENTS in these betters are expressly un¬ 
derstood to be made by the writers; publication 

• here m no wise constitutes endorsement or recog¬ 

nition by the American institute of Electrical 
Engineers. „ • 


Rudolph Frederick Schuch^rdt 
* *—An Appreciation “ 

ToJhO Editor: 

On October 25, 1932, there passed from 
among us one of God’s noblemen, Rudolph 
Frederick Schuchardtf a phst-presideni* of 
the American* Institute of Electrical Engi¬ 
neers, and chief electrical engineer of the 
Commonwealth Edison Company. 

Modest, courteous, lovable, a dear 
thinker, ati able organizer and executive, 
Mr. Schuchardt, in spite *of his, multitu¬ 
dinous duties and responsibilities was n^er 
too busy to^help a ffiend or serve his fellow 
man. • 

For the past*10 years*his life was per¬ 
meated with ill health anjj saddened by 


the tragic loss of his beloved wife, but he 
refused to be crushed by fate and during 
this period, faithful to his high ideals, 
rendered conspicuous service. Engraved 
upon his heart was the gallant motto, 
"Ich dien." 

Honored by?his friftidship for a quarter 
of a century^ I wish to add my tribute to 
the memory of so fine a gentleman, so 
lovable a friend. • • 

Very truly yours, 

H. L.*Wallau (A’OOT F’13) 
(Chief Electrical Engineer, 
Gteveland Electric Illumi¬ 
nating Co., Clavelaijd, O.) 
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Brass Tacks 

* in Economics • 

•. • .• 

To the Editor: 

. The article under tije'title "Brass Tack* 
in Economics” by David Cushman. Coyle 
m Electrical Engineering for October 
1932, p. 712-3, is one ofcthe nfbst suggestive 
yet printed in the; symposium i'Has Man 
Benefited by Engineering Progress?” In 
a few words it points out the principal 
problem^ still to be solvetf by our Western 
civilization.. # ., . • 

m Unless some sach solution* is seriously 
undertaken during this generation or Jhe 
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* the cinema and 4he radio, have don% nfhch 
<* to change our world and this scientific 
and mechanical progress has undoubtedly 
had considerable effect in the elevation of 
the human -spirit. But many of t he se 
things would not-have been,possible without 
capital and without the spur of the* possible 
wealth, *>glory, and^power to be attained if 
successful. Similarly, untold wealth W* 
. been lost in trying to develop inventions 
whicff have proved ih^successful, and for 
that reason it would seem that substantial 
regards ^should be permissible * fof* tfie 
adventurers* in the fiefds Hf sciencfi and 
invention. 

The third problem is the necessity of 
having a union or league of all Caucasian 
nations before any such systefti can be 
put in effect, because no plan ofr this nature 
could be successful upless, it co'uld be 
carried out simultaneously in „the other 
nations with Which we have to live in this 
small planetj or at least in a substantial 
part of the nations which are generally 
'’included in our European civilization, .As 
a matter of fact, all the peoples of the world 
should form part of this federation, but 
probably the experiment could be properly 
tried with fair <jfaance of success if,, at first, 
all 4he basically Caucasian nations would 
join in it, leaving to Jthe others the flpp*fir- 
tunity of ojoining it later. Without prac¬ 
tically universal acceptance, the inter- 
ferefi.ce xrtftn the outside, where institutions 
of the purely capitalistic, competitive type 
still ruled, would make thi plan unworkable. 

♦Very truly ^burs, 

Gsustavo Lobo (A’Ol, F12) „ 

(President and Treasurer, 
Kelvin Engg. Co., Inc., 
New York, N. Y.) 


, • . a 

nlent money m this country, but this simpfe , bonds. This predation of tfat market value. < 
comparison Of the interest rates with busi- the prindpal is a more powerful Stimulus to saving 
ness conditions should fie enough to demon- than a®y normal interest return. * 

“strate that the cause of our present troubles 3. The rising market values, of stocks,** bonds 
is not a surplus of investment money. and real estate.brings a-«demand from speculator 
Some people have been deceived by the i° r * h . e “ se of sa v» n ss. H rat« which do not reflec 
low sates of interest of bank loans. These diminishing returns. • 
low rates are never given on investment f' An . important fraction of the total saving 
money, but on temporary reserves, on ,s u ^ d , t ° finance , purchases of our product. Thi 

money which, may be temporarily loaned TinstinSnt^ hnt 1 Ind an ? ini 

on the Wt liquid sgcurijj.es, but which of credit. \ y h . er extens,oni 

the holder does not desire or does not dare 9 * 

to invest. <* . ,.These are some flf the. reasons whji 

.Others have been deceived by the large diminishing returns do not brfiig about a 
amounts of wasted capital into thinking prompt and effective Regulation of savings 
that there has been top njtich. It is not nee ^ uey? capital. In" cons®- 

diflScult to find* cases of poor families Quence strains are built up in the economic 

spending on some useless luxury the money until a break occurs and apparently 

whips thejj needed for food. We may in . a “ above methods of investing 

think that a person who would buy a radio savings ceased to attract investors within 

must have an ample surplus, but we know a P en °d of a few weeks. The flow ’ of 

that often that is not the case. And in savings into these types of investment 

investments, money has been spent in does not, _of course, pRove that the same 

ovgrexpansion in times when others had * v °iume, of savings could Hot have been 
difficulty; in securing money for needed safely absorbed had these savings been 


difficulty; in securing money for needed 
developments. When a speculative mania 
is under way, people will throw away what 
.they need, and investors are no different 
in this respect from the ignorant. 

1929 waS a year of wasted capital from 
every side. Gambling profits was con-, 
sumed in luxuries. The public mortgaged 
their future for immediate consumption. 
And perfectly useless business expansion 
took place. Each^ caused a loss of in¬ 
vestment money, and we arS still suffering 
from thg.t loss,. No business revival can 
take place until a larger proportion- of 
earnings are turned into investments. 

Very truly ypurs, 

A. ,W. Forbes (A’12) 

« (Forbes & Myers, 

* Worcester, Mass.) 


Too Much 
Investment Money! 

To the Editor: * 

In the October 1932 issue of Electrical 
Engineering, p. 712-3, David Cushman 
Coyle makes the direct statement that 
there is too much ^investment money. 
His whole article, “Brass Tacks in Eco¬ 
nomics” seems to be based on that state- 
. ijjent, and yet he makes no attempt to 
. support it with'•evidence. We have re¬ 
peatedly heard th<?sam® claim before, but 
no attempt is ever made to prove iff This 
is particularly surprising to any one who 
» has had experience in trying to sell equip¬ 
ment. Everywhere we gieet the same 
statement from purchasers, that capital is, 
not available. 

, Ifdhere were too much investment money 
we should expect that it would appear as. 
.a, demand for investment securities such 
-as high grade bonds. An excess of invest- * 
ment money must result in a low rate of 
^interest on investment securities, and if 
•the rates are compared for a period of years,” 
we find 6 times this century when these 
rates dropped decidedly. These years 
were. 1905, 1909, 1916, 1922, 1927, and 
1930. If this excess of investment money 
caused poor business, we should Expect * 
that each of these times depression would 
have followed. Instead every time at 
least a year of good business followed, with 
the exception of 1930 in which aase it is 
easy to find reasons why it did not. 

Now if we turn to the peaks of interest 
rates on investment money, which came in 
the -years 1903, 1907, 1913, 1915, 1918, 
^920, 1923, 1929, and 1932, we find only 
one case, the war year 1915, in which the 
business ^vas good for the following year. 

There is other evidence *to show that 
There has nSver been an e&ces# of invest- 


Consumption, 

Production, Distribution , * 

sTo the Editor: 

* The report of tl*e American Engineering 
Council committee* on “Tha Relation of 
Consumption, Production, Distribution” 
(see * Electrical Engineering for June 
1932, p. 373-7) fits so many of the facts 
that it must contain a very large element 
of truth. With relatively no foreign 
capital, £unds were available for so much 
plant expansion from 1923 to 1929 that 
many engineers and economists regarded 
our industrial plains as generally over- 
expanded while during the same period 
enormous sums were also use*d finance 
the purchase of our products and for specu¬ 
lation. 

Simpfe theories usually require modi¬ 
fications, however % Further study may 
show that a defective mdtehanism for con¬ 
trolling th» rate and use of savings was 
the underlying cause of the depression* 
According to „the classical theory of di- 
minishjrfij returns, the-excessive diversion 


.bonds. This $apreciation of thfe market valu^of 
the principal is a more powerful stimulus to savings 
than a®y normal interest return. * 

3. The rising market values, of stocks,** bonds, 
and real estate^ brings a -demand from speculators 
for the use of savings, a4 rates which do not reflect 
climinishing returns. •* 

4. An m important fraction of the total savings 

is used to finance purchases of our product. This 
use i includes nearly all foreign loans, the financing 
of installment selling, and many other extensions 
of credit. \ 

■ 

These are some $f the. reasons why 
diminishing returns do not brilig about a 
prompt and effective Regulation of savings 
to the need far new" capital. In conse¬ 
quence strain,* are built up in the economic 
system until a break occurs and apparently 
in 1929 all the above methods of investing 
savings ceased to attract investors within 
a period of a few weeks. The flow' of 
savings into these types of investment 
does not, of course, pRove that the same 
„ volume,^ of savings could Hot have been 
safely absorbed had these savings been 
invested in more conservative low yield* 
engineering works. -> * • , 

In 3 ways this train of events might have 
been interrupted. •• ** 

1. If. there had been less savings excessive in¬ 
vestment** in foreign loans, installment '•financing, m 
and speculation .might have beeB avoided. „ 

2. If investors liad deliberately passed by. the* 

greater yield of, these forms of investments and 
used their money to finance self-liquidising proj¬ 
ects at a smaller yield there would have keen no 
economic strains .and no collapse of our investment 
machinery. r 

.3. If when the collapse came, every one, in¬ 
cluding corporations, had immediately changed 
his saving habits and spent, or given away to be 
immediately spent, the part of his income which 
he had been saving, we should have Sad only a 
readjustment between different industries and not 
• a semi-paralysis of all industry. " 

That any of these (things should happen 
as the result of enlightfeflment or exhortation 
is too much to expect of human nature.** 
Some form of regulation, probably through 
shifting the tax load on^to .the uneconomic 
forms of investment wherrMihese threaten 
to become excessive, musflae developed." 

Very truly *yours, * 

F. C. Breckenridge* *• 
(Washington, D. C^) 


What About \” . . * 

the Engineer?? * 

To the Editor: . 

In the Saturday EveniriPost for No- * 
vember 5, 1932, 'Frank A. Vatfelerlip, 
former president,of the National .City 
Bank, propounds the question “What* 
about the banks?* and dissertates upon 
the query with * comprehensive scope in 
his 7,300 word but terse article. 

In order to avoid further governmental* . 
regulation of our banks, Mr. Vanderlip 
putiines ^necessary changes in presept , 

* practise _ which* the banking fraternity* 


Ofe purchasing power to capital uses is* • u.; + “1 hanlang^fraternity 

controlled by the diminishing returns on sh ? ul - d . ,m * a1 * and ^ Ao ^- 
- J • > 6 - - — culminates m the practical suggestion that 


additional -increments of capital. Why . culminates m the practical suggestion that 
has tijis jnechanism of* diminishing returns ^ eai H 1 S House Committee, the_Federal 


has tijis gnechanism of* diminishing returns 
failed to prevent excessive savings?. May 
J suggest 4 reasons. ^ 

1. It requires time to accumulate and invest 
savings, more time for the invested savings to 
be converted into new«plants, and a further period 
N operating the new plants before income reports 
can reflect & diminishing return. There is evi- 
dently a lag in the operation of the mechanism of 
ditninishing return# which may easily amount to 
more than a year. 4" 

2. For concerns which are^showhig a consistent 
profit the diminishing returns on"*capital are re¬ 
flected in a risingfinarket price for their stocks and 1 * 
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Reserve Bank, and the New York Stoclf 
Exchange jointly prepare a questionnaire 
thSt must be answered before any new 
security issue may be floated in the New 
Y r ork market provided the houses of issue 
would be amenable to tjie plan. 

At this juncture he suggests a^ubs»quent 
cb&k by engineers to certify that money 
obtained fg r construction purposes had 
actuafly been devoted properly to such 
cdhstruction and what commissions or 
bonuses, if any,-were paitl. This coming 
from such high bankitfg authority as F. A. 
.**• ^ * • 


m' # 


# 


Vanderiip is a tribute to th© engineer for e 
Ms utility *m our society beyond the scope 
of mere technical production. * 

We know that we have sometimes seen 
* on bond circular testimony fey engineering 

• firms as to the accugac^ of statements con-« 

• ' ceming plant and property. But, as Mr. 

VanderKp implies, they are far too few 

• an d these often more of form than of 
complete fact. 

, If that practise is jx> be'effective, is to be 
real, the bank will need? to have its own 
engineer whp^g work ^nust prove its worth 
over a period of years. He will need to 
d® more than merely report that so much 
money has been spent for* so much con¬ 
struction «of plant. As tiftte goes on 
methods change, depreciation and obso¬ 
lescence enter the scene and in the oas * of 
many enterprises the more time that elapses 
the mor^, difficult*it becomes to keep a 
m clear distinction between accounted capital 
and effective capital. While ordinary ac- 
> counting practise is an accurate pratedure, » 
management judgment over a period of 

• yeans in the handling of a multitude of 
items in transition from earning s to profit • 
«taui loss surplus and thus to effective 
capital, may effect material changes in 

•effective capital and hence earning power. 
The proper expenditure of a givfcn sum 
^dds that*sum Tto accounted capital but it 
may add more or less than a given sum to 
the effective capital, particularly over a 
period pftime. This deter min ation is also 
. proper work for the engineer. 

It is the banker’s prerogative to make the 
financial decision as to earning capacity 
a behind any specific bond issue but such * 
decision is arrived at after careful con¬ 
sideration and evaluation of the contribu- 

• tory tecnnical facts furnished by the 
engineer *and by*the accountant. 

It is to be hoped that the engineering 
profession will aervelto take its part in 
such a constructive program which will at 
least help to minimize the bad effects of 
such a financial debacle as we recently 
experienced. • € 

• *Very JtMy yours, 

FraSjr C. Czarnbcki (A’lfi) 

(3V West 39th St., New York, 

,** * N. Y.) 
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precision is required which justifies the usa 
of least squares and the lengthier computa¬ 
tions involved. • 

Let (xi, yi), (xa, y 2 ), ... (xn, y n ) be a series* 
of observed pomts through which it is de¬ 
sired to draw the straight line of closest fit. 
Let it also be assumed that the required line 
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the slope being and the y intercept 

**,*-■&£ • ' * 

• «• 2KI n 

• The sign of ^jj^jis deteumined by noting 

the signs of the deviations. If it°is found 
that the x deviations and their correspond¬ 
ing deviations have like signs th^ slope of 

the line is positive ghd i s plus; if t& e 

sighs are tinlike the slope of , the line is nega-^ 

tive and the minus sign is used with £ Jsj • 

_ The following example, illustrated in 
Fig. 1, is worked put in detail to show-the 
method. ' f « 




»V- 


m 

0 

• 

• 


\ 
14 - 

^- 






2 —*— 


(4.12) 



• 

® 

o —.— 

/' • ' 

yr 


*17 


• 

ft —H 



,(6.9) 


—r- 


£ - 



\ 

• 

. 


x - 



M 

\ft! 

—N 

) • 

— 

• 

• 

? - 





\ 


O 2 

. 

A 

1 

6, 

A 





x \c a . 

A 

3 -6 

-3 

. 4 - & 

-2 

* 5 — 6 

-1 

6-6 

0 • 

7-6 

+1 

8-6 

+2 

9-6 

+3 

*c=02 SK| 

“12 


y 

y« 

dy 

t3 

-9 

-K 

> 12 

- 9 

+3 

10 

- 9 

+r 

9 

- 9 

0 

8 

- 9 

-l 

* * 6 


-3 

% 5 

— 9 

-4 




' Fig. 1 • 
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will pass through a point whose ordinate is 
the average of all the observed values df y, 
and whose abscissa is the average of all the 
observed values of x, that is, one point on the 

line is (x a , y a ) where x a equals — and y a 

_ 71 . 
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The slope of the line is 
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J[t is given the negative sign be<*ause the cor¬ 
responding values of d x and d v are unfike. 
The y intercept is 

9 “(~ |) 6 “9 + 8 -17. 
and the required equation is 

y 


-j* + » 


. •Method ?ot FjHing-'a 

Straight Line t® Plotted Points 

a ■ . 

To the Editor^ , 

* At times it is desirable to draw a straight 
lmethrough a nfimber of plotted points and 
to find the equation of the line which best 
^represents the points. There are various 

J e S? lo ? red ’ , s . uc fe as stretching a 
string and drawing a line by inspection, the 
method of averages, and tlfe method of least 
^squares which gives the “best" line. % 

The method or drawing the line by inspec¬ 
tion, and the method of averages, while 
quite simple and requiring little eomputa- 
uon, t have the disadvantage of giving m- 
«>asistent results; that is, the position of the 
hne is influenced by the judgment of the per- 
^pn drawing it and therefore 2 people might 

n °*. a f nve at the same line from a given set 
Of data. • • # 

?£ e method of least squares is admittedly 
Oie best method and gives consistent results, 
but the computations become quite la¬ 
borious when there is a large number of 
points? • 

•Thefollowing method renfcves the inedn- 

guieenng purposes expert whj-e a degree of 
$86 > • " * . '= ■ 


equals 

^ the point (x a .y a ) is now considered as 
the center of coordinates, the line will have 
an equation of the form 

y' - mxi • *,» 

and the coordinates of the points (*,, 

(**, ya), etc., m the original data will be thew 
deviations of, the observed points from 
(*o, y a ). The straight line will now pass 

>»’>>' and'fc in 
« -25 s * an , d third, or m the second and 
fourth, quadrants. 

Inasmuch as the line is straight and passes 
through the new origin, all the points can be 
placed in one quadrant by giving {hem the 
same relative location in that quadrant as 
they had in the*quadr*it from which they 
were removed. This is the same as consid¬ 
ering all the deviations as having the same 
sign, By; averaging all the absolute values- 
of the x deviations and all the values of the 
y deviations, the poipt (x b , y b ) is obtain^, 

where x b — —I-^ # and yb — »To the Editor: 

and unbalanced, 3-phase system may be 

Sues of rf 1 of ab fi° lu te resolved intc^ 3 sets of symmetric^ com- r 

Yv. -S Af * a )’ ~ 3ff «)*.etc., and ponents which are: 2 balanced 3-phaSfe 

'^he^auarion oHi^i« reS| ^ C ^ V a?* . • systems of opposite rotation and a Uniphase' 

passmg through component. When great accuracy is needed 
the ongmK,y e )anIthe point (fc,*) is . these components ie anSyScMli detS 

mtnad wt+Vi 9 pniia+m™. __^. 


The least squares line has been worked out 
and is 

y - — 1.35x + 17.1, * « 

showing that the method described agrees 
quite closely with the least squares “best” 

phcations S satisfa£tor 7 for a WUt many ap- 

Very truly yours, 

Hector B. Samson (A’27) 
(1729*Madison Ave., 

4 » Duntnore, Pa.) 


Graphical Datermination 
of the Symmetrical Components 
in a 3-Phase Unbalanced System 
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mmed with 3 equations, following a method 
♦developed by C. L. Fortescue. 

♦ As far as I know, the graphical solutions 
that have been suggested make use of .a 


where ^ 
If the 


is the slope. 


referred to the 

(Q, 0) as the origm instead* of (x a , y a \ 
equatip**becomes • ■ 


its' 
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ferent geometrical construction t(f deCer- 
ae each one of the components. In this 
ter, 1 would suggest a general solution 
it can be performed on a single diagram. 
iVe shall fir^t consider the case when there 
no residual component; afterward it 
1 be shown that the solution ^ equally 
dies when the sum of the 3 vectorsis 
: zero. ••• • « 

< Residual Component 

• ■ • 

let ug take the 3 unbalanced vectors 
, OB, anjl OC whoseAum is zero (Fig. 1). 
fojn the points AB& of* the vectors by 
aight lines, thus irifcking * st triangle 
g. 1). 

Through the middle point of* the side 
', draw a line XY perpendicular to BC 
g. 2). From the corner XZ, draw 2 
light* lines, respectively, making a 30° 
jle on each side of BC; those 2 lines 
ersect the perpendicular XY ht A' r and 
i. Joining A' r and A'd to the neutral 
we get the lines OA ' r and OA ~d. • 

)A' r is equal in magnitude to the reverse 
ise component df OA; this line OA' r 
>uld be prolonged past 0 to obtain the 
it % yectoridl • position, which is 180° 
tn OA'r, to p point A r equally distant 
«Oas AV • ‘ % 

Similarly OA ' d is .equal to .the 'direct 
tse component and .180° out or phase; 

• / • 



magnitude and direction to the unipha& 
component. , 

* 

n From the above considerations we can 
draw 3 conclusions: 

1. When there is a residual component the enclos¬ 
ing triangle can still be used for the solution. 

2. Joining the extremities A, B, and C of the 
vectors to the triangle center of gravity is equiva¬ 
lent to subtracting the uniphase component from 
each vector, 

3. The triangle center of gravity, and not the 
neutral point, should be used for findingothe sym¬ 
metrical components. (When there is no uniphase 



Fig. 4 


Fig. 5 


Fig. 3 


long this vector through O by .an equal 
jth in the opposite direction, 
low that we Jknow the components of 
in each symmetrical system, it is easy 
find out the components of tlje other 
ises because they are symmetrical and 
0 apart from each other. »The solution 
nade easier if we draw 2 circles with 0“ 
center and 0A' r and* OA'd as radii 
g. 3). • 

iny side of the triangle may be used to 
ermine the initial components, the side 
en always giving the components of the 
>©site phase: e. g., side BC giving coxn- 
lents of OA, side AB giving components* 
)C £ud side CA giving components of OB. 

NERAL SOLUTION 

The method usually followed when there 
i uniphase component is to add the 3 
tors and find out their sum; the sum is 
al in magnitude and direction, to 3# 
es the uniphase component. Aftef- 
d *this component is subtracted from 
b vector and with these new vectors we 
ie* back to the problem as explained , 
•ve, 

lowever, it can be noted that when the 
phase component has been subtracted 
n each vector (Fig. 4), the new (Enclosing 
ngle A 'B'C' is equal to the original 
ngle ABC. 

Is# tiie dJfetance between the origin of 
vectors O and the center of gravity O' 
the.gtfiaftgle ABC (Fig# 5), is equal in 
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component, the neutral point and the center of 
gravity coincide.) 

Procedure 

The following procedure is suggested for 
a general graphical solution (Fig. 6): 

1. Draw a triangle around tfie 3 unb a lanced 
vectors OA, OB, mid OC as previously described. 

2. Locate the triangle center of gravity, O' (in 
a triangle, the center of gravity is at the intersection 
of the 3 lines joining each corner to the middle of 
the opposite side; it is always located at >/* of the 
height). 

3. Erect* a perpendicular XY to the side BC 

through its middle point. • \\ 

4. From the corner B, draw 2 lines, respectively, 
making a 30° angle on each si<fc of BC; these 2 lines 
intersect tie perpendicular XY at A'd and A'r. 

5. * Draw 3 circles with O' (center of grqyity) as 
common center and, aaspectively, passing through 
the poiifts 0, A'<f, and.A'r. 

Prolong the lines O'O, O'A 'd, and O'A f r through 
•O' to the opposite sid» of their respective circles. 

• ’ • 

We now have the 3 components for the 
vector OA. The direct *and reverse se¬ 
quence components for the other vectors 
OB and OC are 120° apart from the com- 



Young Engineers 
Must Plan for the Future 0 

T* 

To the Editor; _ 

-> The "Letter to the.-Editor” .from Dr. 
Valdimir Karapetoff published in the Sep¬ 
tember 1932 issue of Electrical Engi¬ 
neering, p. 669, proposes a fundamental 
change in educational methods in the United 
States that would-be of great value to the 
engineering profession °as a whole, were it 
put into practise generally. -Briefly, it con¬ 
sists of training the engineering student 
along such linesLthat ip this rapidly advanc¬ 
ing profession he will be capable of doing 
modem engineering work soon after gradua¬ 
tion, without the necessity of first going 
through various training and test jobs to 
find out what the engineering profession has 
been doing in the 10 /ears since^ his text¬ 
books were written, and what it is going to 
do in the next 10 years.. The chief ad¬ 
vantage of such an educational method lies 
in the hope that an engineer trained in col¬ 
lege to look beyond present achievements 
may perchance carry the habit with him into 
professional life. ‘ 

Two years ago I listened to Dr. Karapetoff 
talk to a small group of prominent physicists- 
and 2 engineers about the need for applied 
scientists and theoretical engineers to act as 
intermediaries between mathematical physi¬ 
cists-and practising engineers. As a very 
pertinent ^example of a problem ibadly in 
need of such treatment, Dr. Karapetoff men¬ 
tioned very briefly the polymerization of in¬ 
sulating materials in high voltage cables. 

‘ in the discussion that followed, the subject 
of Dr. Karapetoff’s talk and the purpose of 
his visit were completely, forgotten in the 
advancing of hair-trigger theories about 
polymerization; the 3 engineers were visi¬ 
tors and so listened and went away without 
learning how to better effeet an interchange 
of knowledge and tbfperience with their 
physicist acquaintances. - 

. It is rather apparent that any construc¬ 
tive action in this direction-must start from 
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ponents of OA ; the uniphase component is 
the same forithe 3«vectors. 

» Apart (pom its-completeness, this method 
would be Very convenient for a quick esti¬ 
mate of. the unbalance factor, 
w Very truly yours, 

, R. Laplante (A’32) 

GShawinigan Wate£ & Power Co., 

• " . Shiwvinigran Falls, Quebec, Can.)? 
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their attitude sufficiently t6 welcome with • 
more open arms the advances of men whs» 
are motivated solely by a sincere wish to 
further scientific knowledge and technical 
achievement. Forrthe present rPseems that 
with a few notable exceptions, physicist&do 
not care to extend thei*'activities toward* 
engineering fields, anf3 indeed do not’care to 
offer instruction to those who seriously con¬ 
template applied, physics and theoretical 
engineering. A 

In the research laboratories of our large • 
electrical industries‘there may be foflnd the 
applied scientists ^md theoretical engineers 
necessary to the rapid advance of industrial* 
art. The small organizations are indeed for¬ 
tunate to have ^t their call the services 
of such individuals. The training facilities of 
these research laboratories, hre much too re-* 
stricted to supply the needs of the engineer¬ 
ing profession in the future for scientifically 
trlined men, arid it remains for the colleges? 
and maiversities to take over a large partof 
the burden. 9 

The 4-year college course has in &ef*past 
been the greatest stumbling block to enge¬ 
ndering training. To get something more 
than a trade school education,in 4 years of 
college and not at the same time neglect the 
technical courses, is at present well-nigh 
impossible. Formerly a student could 
neglect to a great extent‘the teclpucakade of 
hip college education for the cultural sideg 
taking up |he technical features as needed 
after-graduation. Now such very great 
deal is expected of the engineering graduate 
that that coiirseds no longer possible; and 
indeed, after a rigorous 4-ycar college course 
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leading to a ‘degree in engineering, most 
graduates grill need much furtRer engineer-* 
ing stiffiy, not to mention cultural studies. 
Some get advanced work in post-graduate 
courses, others ia apprentice jobs, and many 
more neglect it entirely and*drift to other 
. fields of Endeavor. • • 

Perhaps the solution is a 5 or 6-year 
course, leading to a master of engineering 

• degree, with the last 2 yeajs patterned more 
after the English plan of independent work 
and personal supervision fey a faculty mem¬ 
ber, but there, again arises the necessity of 
many promfiibg students to abandon study 
after 4 ^rears to enter wage-earning fields. 
Sftme solution can and should be worked 
out; for without more time,* 11 *is impossible 
without neglecting other necessities, to do 
more than mention the things Dr. Karape- 
toff speaks of so earnestly. 

• Vfemr truly yours, 

• * Frank W. Godsby (A’30) 

.(Development Engi- 
• neer. The Safety Car 
Heating and lighting 
* Co., NewHaven, 

* * Conn.) 


•Members knowing the whereabouts o£ 
Engineer Wagner may do him a personal 
favor of some importance by conveying 
this information to him, that he may act* 
accordingly. 


*ReaCtivfe % 

* Volt-Amperes 


To the Editor: 

The’lines in the usual diagrams illus¬ 
trating* power factor correction are vectors 
of volts and amperes although they may be 
labelled (convenience excusing such label- 
• ling) kilowatts and reactive volt-amperes. 

A-c volt-amperes, whether watt or watt- 
, less, are mot vector quantities, and they 
cannot J>e represented by vectors. It is 
only by a confusfon or ideas that the opera¬ 
tor j is applied tp watts or to volt-amperes. 

In the useful pampfclets (GET-191 A and 
•GEA-1508), recently published by the 
General Electric Company, the current 
vector? labelled “leading reactive kva” 
are shown lagging instead of leading, and 
lagging vectors Vre shown leading. Also 

• we find the queerly muddled sentence: 
>‘This ‘wattless’ current or rkva may lag 
hphind the voltage wave.” 

I suggest tbgt the common practise of 
using the*mongrel tenji "reactive power” 
be^ given up in favor qf “reactive volt- 
, ’amperes”; th^t .the .pmetise be adopted 
of stating‘plainly that the vectors labelled 
pow^f and volt-ampdtes in power factor 
correction diagrams ire vectors of volts 
or of amperes, as the case’may be, and that, 

* in $uch diagrams the convention common 
to other vector diagrams be followed of 
measuring angles of lead counterclockwise, 

• * Vgry truly youfs, 

F. M. Denton (A’08, F’28) 
(Head of JBlefctrical Engg. 
Dept,, University of* New 
Mexico, Albuquerque) 


Karl^S. Wagner 
* Sought by Legation 

Institute headquarters has been advjged 
by the Roumanian Legation at Washington, 
D. C., that the “legation has very important 
information of a.personal character and 
interest” for One Earl S. Wagner, whom 
*the legation describes asafti American •en¬ 
gineer having traveled in Russia uj 1#13 
in the empfoy of a New York compaijy. 
Some time later he is Reported to have 
moved to Michigan * 
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W. T. BLACKWELL 


W. T. Blackwell (A’22) general lighting 
representative of the Public Service^Electric 
and Gas Company* Newark, N. J., has 
received reelection for .the current year 
to the chairmanship . of the Institute’s 
technical committee on the production 
and application of light. Mr. Blackwell’s 
early education consisted of private tutelage 
and pseparatory school. In* 1897 at the 
age of 16 he entered the conSfluctjon de¬ 
partment of the. New York Telephone, 
Company, New York, 2 N. Y., remaining 
there until in 1902 whemhe became engineer 
in charge of sVeet construction for the 
East River Gas Company, Long Inland 
City. Mr. Blackwell has been associated 
with the lighting industry since 1905; in 
that year he was appointed assistant to 
the chief engineer of light and p8wer, de¬ 
partment of water supply, gas, and elec¬ 
tricity, New Yftrk Cifjr, remaining in this 
position until 1915, when he was made 
illuminating engineer for the Benjamin 
Electric Manufacturing Company of New 
York City. After 2 years of service vrith 
this company, he was commercial and il¬ 
luminating enginf.gr. for the WestinghOuse 
Lamp Company, New York, £pr 4 ^years, 
^.nd manager of the interior illumination 

... department of the Westingjiouse Electric 

* and Manufacturing* Company £>r Ate year. 

* During the past 10 years he has been general 
lighting representative of the Public Ser- 

* vice Electric and C^as iompany. He has 
contributed many technical papefs on 
illumination. Among^the societies of which 
he is a member are:* Illuminating*Engi-** 
neering Society, National Electric Light 
Association, National Safety. Council, The 
American Society of Municipal ^Engineers* 
Newark Safety Council, and Essex Elec¬ 
trical League. Mr. Blaclgwell has served 
on the*«Institute’s committee on the pro¬ 
duction and application of lighj. since 1924, 

•and since 1931 has been its chairman, thus 


automatically becoming member of the \ 
Institute’s technical program committee. r 


v:- 

W. R. Whitney (A’Ol) organizer and for 
32«years*director of the research laboratory 
•of *he General Electric £.qjnpany, Schenec¬ 
tady, N. Y., retired from that» position 
owing to poor health»on November 1,4932. 1 
He was succeeded tiy Dr. W. D. Coolidge 
(A’l$ formerly, senior associate*' 1 director 
of thfi laboratefty. Doctor Whitney con¬ 
tinues as’vlce-praSident in general charge*, 
of research. The research laboratory was 
established .in 1900, and in that year 
Doctor Whitney came from Massachusetts 
Institute of Technology where he was» an 
instructor,, to *be in charge of the research 
work. At* that Jtime the laboratory was 
in an old bam which was used by the lata 
Dr. C. P. Stfiinmetz as a private laboratory. 

A few months later a small building at the r 
General Electric works" was secured. The 
expansion of the laboratory followed the 
development by Doctor Whitney of a new 
type of incandescent elec|rio lamp, aqd 
siAe 1903 the laboratpr/has grown rapiclly. 
By 1928 the laboratory’s staff had grown 
to more than 300 persons, about half of 
whom were trained scientists; tlie'value of 
this laboratory h^s long been recognized 
by the electrical Industry. Amgtfg the 
.many honors which Doctor JVhitney has 
received was the Franklin Medal of the 
Franklin Institute on May 20, 1931. This 
award is made to “workers in physical 
science or technology without regard to 
^ountry, whose efforts in th€ opinion of 
the administering committee on science 
and arts, have done most to advance a 
knowledge of physical scienc# or its appli¬ 
cation.” Doctor Whitney was assistant 
and later non-resident professor bf theoreti- * 
cal chemistry at Massachusetts Institute 
of Technology, and is a member of the 
corporation of this institution. 



W. R. WHITNEY 


A. LbRoy Taylor (M’28), head ff of the 
department of electrical engineering, Uni¬ 
versity of Utah, Salt Lake City, hag been 
appointee! chairman of the technical pro¬ 
gram committee for the 1933 Pacific Coast 
Convention of the Institute “to be held in 
Salt Lake City during the summer of 1933 
He was bom at Logan, Utah, in 1887. He* 
received the degree of B.S. ip E.E. in 1907 
from the University Of Utah find the*degree 

of master of science in engineering ^n 191$. 

^ • “ * . . 
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* from the University oMMichigan, specializ- 

• ing in mechanical engineering. During 
1910 and 1911 he was in the testing depart¬ 
ment aiyi the standardizing laboratory of 
the General l^leptric Company at Schenec¬ 
tady, N. Y., thereafter being instructor, in 
electrical engineering at the University of 
Utah for a one-jft-llr period. Following this 1 

• he sgenf2 years in business, returning to the 
University of Utah ih«1914 and r emaining 
there since that time. He has beert,assis¬ 
tant and later associrte ‘'professor of me¬ 
chanical engineering at "this institution, and 

since 1928 has been head* of the department 
of electrical engineering. Professor Taylor 
has served the Utah Section as* a member of 
its.executive committee 1930-$1> secretary 
1931-32, and chairman 1932-33. " He has 
also been chairman of (be UtalJ Section of 
The American Society of Mechanical Engi¬ 
neers and llas^been secretary 'of the En- 

* gineering Council of Utah. * 


D. - * E. Renswaw (M’29) in charge of the 
petroleum ihiirng^section of the genera^en- 
gineering department, Westinghouse Elec¬ 
tric and* Manufacturing Company, East 
Pittsburgh, Pa., recently received reappoint¬ 
ment as chairman of the Institute’s technical 
conftnittee on applications to mining work. 
Mr. Renshaw was barn in Hennessey, Okla., 
in 1891. After completing his local high 
school course, he attended the University of 
Oklahoma, at Norman, from which he was 
graduated in 1914 with the degree of B.S. 
in E.E. Between 1912 and 1914 he was 
electrician at this university. Upon gradua¬ 
tion he was on the student course of the 
Westinghouse Electric and Manufacturing 
Company, E8st Pittsburgh, Pa., for a year. 
From 19 lf> to 1917, he was in the railway 



D. E. RENSHAW 


engineering department of that company. 
He then left to join the United States Navy, 

• which life served for 2 years. In 1920 he re- 
• turned to Westinghouse and remained in the 

railway equipment engineering department 
until •!923, after which for 2 years he repre¬ 
sented the Westinghouse company in France. 
and'Spain, supervising erection gf the car 
and locomotive equipment on the Paris- 
Orleans Railway and the Spanish Northern 
Railway, in 1925 he returned to the rail¬ 
way equipment engineering department of 
**;»the Westinghouse company. Since 1928 he 
has been section engineer in charge of the 
mining Section, general engineering depart- 

* ment apd far the past year has Jiad charge of 


the petroleum section, also. Mr. Renshaw 
has served the Institute’s committee on 
applications to mining work for the past 3 
years and since 1931 has been its chairman. 
His other A.I.E.E. committee work has in¬ 
cluded membership on the technical pro¬ 
gram and standards committees since 1931. 


W. D. Coolidge (A10) formerly senior 
associate director of the research laboratory 
of the General Electric Company, Schenec¬ 
tady,. N. Y., was appointed on November 
1, 1932, as director of tliis laboratory to 
succeed Dr. W. R. Whitney (A’01) who 



W. D. COOLIDGE 


retired on that date. Doctor Coolidge 
is a native of Hudson, Mass. He studied 
at the .Massachusetts Instit>jte of Tech¬ 
nology and the University of Leipzig. 
Since 1805 he has beeif active in the re¬ 
search work of the General Electric Com¬ 
pany, beq^Aing q^sistant director" of the 
laboratory in 1908 and associate director 
■in 1928. A personal* item mentio ning 
"some of the achievements of Doctor 
Coolidge was given in Electrical Engi¬ 
neering for March 193fi, p. 210-11, in' 
connection with his winning the Washington 
award for 1932. 


J. H. Hamilton (A’28), associate profes¬ 
sor of electrical engineering at the Univer- 
sitjaof Utah, Salt Lake City^has been ap- 
.. pointed chairman of the student? activities 
* committee for the 1933 Pacific Coast Con¬ 
vention to be held in Salt Lake City. He 
wag born at Los Angeles, Calif., in 1904 and 
graduated from the Cqlffomia Institute of 
Tedjpology at Pasadena. After engaging 
■ as technical assistant on lightning research 
for the^ Uniqp Oil Company of California 
and the general. Petroleum Corporation, 
during 1926 and 1927, he became technicaP 
assistant fjjr Kobe, Inc., Los Angeles, Calif., 
being engaged in^the^design of a magneti* 
cally controlled heat treating furnace. He 
■ m was then for.a while teaching fellow at the 
California Institute* of Technology, and se¬ 
cured his doctor’s degree from this institu¬ 
tion in 192§. He* is now Student Branch 
•> counseloa.at the University of Utah and an 
*ex-officio member of/the Institute’s com¬ 
mittee on student branches. For the year 
, 1931-32 he was chairtnan of the North West 
districts cjjmmittee on, Student activities 
^nd a member of the excutive committee for* 


0 this district j» He is now a member* 6f 
the executive committee of*the. Utah 
Section. 


Eugene Caldwell (A’26), ‘ formerly • 
chief mechanical engineer for thecfCentral 
Public Service Corporation, Chicago, Ill., 
how is general "jnanager of the Wrought 
Washer Manufacturing Company. Mr. 
Caldwell was editopiin-chief of Industrial 
Power for several years. He graduated 
from Ohio Staje Unjsrersjty, Columbus, ^in 
1922, and latitr took a special course bt 
Massachusetts Institute of Technology, 
Cambridge, Mass. He is a member of the 
executive committee of the Institute’s Chi¬ 
cago Section and chairman ofrthe publicity 
committee of this Section." He isr’a member 
of The American Society of Mechanical 
Engineers, the publication committee of the 


Association. He is coauthor of a new text- 
'oook “American Industries,” being tfied b$* 
New Yoj-k University, and has^cqntributed 
many articles to the technical pre^S, * 


(5! E. Stephens (M’22) formerly com¬ 
mercial 'vicqmresident and northeastern 
district maiager of the Westinghouse 
Electric & Manufacturing Company, at 
New York, N. Y., was named vice-presi¬ 
dent. Mr. Stephens has been connected 
with the Westinghouse. company since 
1900, and with the New York office since 
1917, having been appointed manager of 
the supply department in that .year and . 
later being made m&hager of the central 
station division, and in 1925 manager 67 
the company’s New York office. "In 1930 
he was elected commercial vice-president. 
He was at one time vice^resident of Uie 
Illuminating Engineering Society. He has. 
been active for many years in the A.I.|£.I$. 
and at present is a director of the Institute, 
chairman of the finance committee, and a 
member of several other of thC InstitGte’s 
committees, ' . c • .. . ** 


C. H. Dougins (M’18) ^for some. 12 
years a St. Louis engineering-sales repre- 
sentative>of varioijs electrical manufactur-° 
ing conceas now has become sales manager 
of the Industrial* Products Saj^es C(Apora- 
tion, St. Louis. Mr. Douglas is a native 
of Walnut "Ridge, Ark. (Feb. 5, 1886) 
graduated from the University of Arkansas 
in 1911 with degree of Bachelor of Science 
in electrical engineering, immediately after 
w<hich hC becapje associated with the Union 
Electric Light & Power Company of *StT 
Louis; he became distribution engineer of 
that company in 1916. In June lv)15 the 
University of Arkansas awarded him thfe 
dSgree of ElectricahEngineer in recognition 
of advanced work completed, 


JEL. H. Barnes, Jr. TAW, M’04»F13), 
Vice-prudent ©f the General Electric Con*- 
pnny 0 New York, N. Y., has been ap¬ 
pointed chairman of the electrical industries 
and general machinery g^pup of the Emer¬ 
gency Unemployment Relief Committee of 


December 1932 
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New York City, Sngaged in raising funds for 
unemployment relief during the winter 
1932-3.- This division, which is organiz¬ 
ing 100 major trade groups through which 
funds will be' solicit^ from employers, em- ( 
■ployees and employees' associations, last 
year raised more than $10,000,000 to 
finance 7 'made” work and direct relief for 
the jobless. Last year M£ Barnes headed 
the activities of the electrical industries for 

this committee.. * 

* o 

«C. M.° Lear (M’31$ has been appointed 
to serve as an instructor ia,the physics 
department of the University of Florida, 
Gainesville. Mr. Lear is a native of 
Charlottesville, Va. (Nov. 21, 1907); in 
1930 he graduated 1 from the University 
of North Carolina with the degree of 
Bachelor of Science ia electrical engineering. 
For advance work he expects to deceive 
in June 1933 from this same university 
»hi§ Blaster’s degree in-physics. He spent 
year?s as a student engineer in the Genera^ 
Electric test department, Schenectady, 
jvj. Y. (1928-9 and 1930-1). r 

H. KTnapp" (A’28), who was assistant 
field engineer, area of the New York Tele¬ 
phone Cpmpany, for the Bell Telephone 
Laboratories, Inc., New York, Nr Y., and 
later wsts located at St. Louis$Mo., engaged 
on work for the Southwestern Bell Tele¬ 
phone Company, now has returned to the 
Bell Telephone Laboratories, Inc., at New 
York, as field engineer, area of the South¬ 
western Bell Telephone Company. Mr. 
Knapp secured hfe E.E. degree from Rens¬ 
selaer Polytechnic Ins1|tute in 1926. 

" F. W.,Smith (a’ 05, MT2), who early this 
year became president of the New York 
Edison Qompaiiy aad the United Electric 
Light and Power Oompany, has been elected 
n member of the board of trustees of the 
Consolidated Gas Company, New York, 
Nr Y. A personal item, outlining Mr. 
Smith’s career, nvas given in Electrical 
Engineering- for Marcbrl932, p. 210. 

**' J* . S. 

E. W. Filler (A’27) was recently trans- 
ferred^rom the operating department of the 
Pennsylvania Water and ^Power Company 
„at Holtwood/Pa., to the operating depart¬ 
ment" ofc the Safe'^Sarbo^ Water Power Cor¬ 
poration, Safe Harbor, Pa. Mr.feller had 
been /with Jthe Pennsylvania Water and 
Power Company since 1934. 

* 

G. R. Anderson (A’22, M’29) in charge 
of the induction motor section of Fair¬ 
banks Morse & Company, Beloit, Wis., 
during the past year, recently 'was ap¬ 
pointed chief engineer of the electrical 
division, of the company. 

C; t . 

C. J. Huber (A’13) formerly manager 
of the product engineering division of 
Cheny Brothers, South Manchester, Conn., 
is now engaged on special work with the 
U.S., Testing Company, Hoboken, N. J. 

H. R. Kelly (A’28), formerly statistic&rf 
in: the qualip^ department of RCA-Victor, 
Inc„ Camden, N. J>, is now administration 
head of the engineering department of this 

: company. 

: a .A ^ * 

890 v ^ ^ : * 


^ e W. H. Pollard (A’24) formerly an elec-* 
trical engindbr at tjje Indianapolis, Ind., 
works of Fairbanks Morse & Company, ^ 
now is located in the Beloit, Wis., works of 
this company in the capacity of designing 
engineer. . 


OLifuary 


R. F. Schuchardt (A’03, Bf09, F’/2, 
and past-president) chief electrical engi¬ 
neer of the Commonwealth Edison Com¬ 
pany, Chicago, Ill., died in Boston, Mass., 
jon October 25, 1932. Mr. Schuchardt had 
“long been considered one of the foremdfet 
engineers of the United States. He was 
bom in Milwaukee, Wis., in 1875, and in 
1897 graduated from the electrical engi- # 
neering course of the University of Wis¬ 
consin. Following graduation he spent a 
Ihort period with the Janesville (Wis.) 
Electric Light and Power Company, later 
in that year he joined the staff of Meysen- 
burg and Badt, Chicago, Ill., as‘engineering 
salesman. In July 1898, he entered the 
employ of the Chicago Edison Company 
(later the Commonwealth Electric Ccftn- 

* pany and Commonwealth Edison Com¬ 
pany) remaining with this organization 
until the time of hi# death. After a few 
weeks, first as substation operatpr and 
then in charae of the . company’s exhibit 
at the Trans-Mississippi Exposition, Omaha; 
Neb., he spent one year in the statistical 
department of the company, between 
1899 and 1906 he was in th% testing de¬ 
partment through all* stages** frojpi as¬ 
sistant to acting hepd. In 1906 he bec am e , 
engineer of electrical contraction, having,, 
charge of this, wbrk fo* all stations and • 

* substations. In .1909 he was appointed 
electrical engineer of the company, hnd 
from that date to 1932 he has been inti¬ 
mately connected with the development of 
the company. He has maol many con¬ 
tributions to technical literature sfhce the 
presentation in 1897 of his first paper 
"Electricity M8ters tf Today” which 
attracted considerable. attention. .^lr. 
Schuchfrdt has long been active in tlje 
A.I.E.E., having served on many com- ‘ 
mittees including the educational,,power 
generation, power transmission and dis¬ 
tribution, protective devices, standards, 

. meetings and papers, executive* electrical 
machinery, law, Edison Medal, and public 
policy committees, as well as, on the com- 
•mittee on code of principles of ^roflssional 
Conduct. He has served as the Institute’s 
representative on the U.S, national cofh- 
mittee of the International Electrotechnical 
Commission, the administrative b^aift of 
the American Engineering pofindl> the 
board of award of the‘John Fritz Medal, * 
the Coffin fellowship and research fund 
committee, and on the* joint committee 
of the engineering > societies oq, partid- • 
pation of the eriguseding profession iif 
the Century of Progress Exposition to be 
held in eClficago in 1$33. From 1928 to . 
1929, Mr. Schftchaqflt was president of the 
institute. He also was chairman of the 


Chicago Section of /he Illrminating Engi¬ 
neering Sodety, chairman of the technical 
national section of the National Electric 
Light Assodation, member of the,Western 
Sodety of Engineers, the JSdoiety for the 
Jrijpioticjji of Engineering Education, and 
the Institution of Electrical Engineers 
T>f Great Britain. He been chairman 
of the public affairs committee*' of the 
American Engineering Council, and in 
1929 yas.a delegate to the Worjjd Engi¬ 
neering Congress iiy Japan. 0 r 


Edwin Nash Sanderson (A’94, M’13, 
and ^-ife Member) member of the firm of 
Sanderson and .Porter, and president-,of the 
Federal Light and Traction Company, New 
York, N. Y.,. and* of its 30 subsidiaries 
throughout .the country, died November 9, c 
1932. He was bom in Brooklyn, N. Y., in r 
1862. He attended Brpoklyn Polytechnic 
Institute for 4 years and then attended 
Rensselaer Polytechnic Institute atr addi¬ 
tional 4 years, graduating wifth the degfee of 
dvil engineer in 1886. In 1^87he received 
the degr^£ qf M.E. from 6ornell University. 
Between 1887 and 1896 he was ’'with the " 
Westinghouse Electric^ and Manufacturing? 
Company, being an engineer at East Pitts¬ 
burgh for one year,-then engineer and sales- 1 
man. in New York for Shears, manager of the 
New England district at Boston, Mass., for 
one year, and assistant to the general mana¬ 
ger at East Pittsburgh for 2 years. In 1896 
he resigned from the Westinghouse com¬ 
pany; in this year the firm of Sanderson and 
Sorter was formed and has since then re¬ 
mained active in the construction, manage¬ 
ment, and operation of electric railway, light 
and power properties. In 1910 his public 
utility holdings were incorporate^ into the . 
Federal Light and Traction Company. 
Most of the major construction work of this 
company was performed by *the firm of 
Sanderson and Porter, of which H. Hobart 
Porter (A’96, M’12,”and Life Member), 
president Of the American Water Works and 
Electric Company, Inc., New York, is -thq, 
other senior member. Onfi of Mr. Sander- - 
son’s m^jor accomplishments was the con¬ 
struction in 1907 of one of the first hydro¬ 
electric projects in the Sierras, for the opera¬ 
tion of the street railways of San Francisco, 
Calif. He was a%ember of The American 
Sodety of Mechanical Engineers, the Rens- 
selaer Spciefiy of Engineers, the Cornell Sod¬ 
ety of Engineers, and Sigma Xi and Zeta Psi 
fraternities. He was a life member of "the 
TSoard of Trustees of Cornell University. 

In 1925 Colgq^e University conferred upon * 
him the honorary degree of Doctor of Law? „ 
Among his dubs were the University, City 
Midday, St. Bernard Fish and Game, 
Columbia Yacht, Town and Gown, and 
Cornell dubs, all of New York, the Union- 
*G*ub of St. John, N. B., and the Orchard 
Lake, Adirondack Mountain, and* West¬ 
chester Country Clubs. 


D. H. Braymer (M’15)- Head of the 
D. H. Braymer Equipment Cpmpany, 
Omaha, Neb., died October 29, 1932. He„ « 
wks born in 1883 at Hebron, N. YV He 
secured his AiB. degree in* 1908/ , from 
Cornell University, and his MrE.- iq E.E. „ 
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• degree in 1908 from tjje same institution, 

• having completed both mechanical and. 

electrical engineering courses. During the 
summer of 1906 he was draftsman for the- 
Morse Chain«Company, Ithaca, N. Y., and 
during the summer of 1907 was electrical 
tester fpr the Electrical Testing*' Labora¬ 
tories, New N. Y. He also held~ 

• this latter position for a short time in 
1908? becoming an eflgjneer ini the service 
and maintenance department of the New 
^rk plant; of the Western Electric^ Com¬ 
pany in that year. From'l909 to 1910 he 

•was. electrical engineer p visiting and “re¬ 
porting on the Western Electric Company’s 
power plant and telephone equipment in 
the capacity of publicity engineer.. From 
1910 tp 1915 he was .^Atlanta, Ga., on 
the staff of the Southern Electrician and 
succeeding magazines, * being ’’editor the 
latter part tof this period. In 1915 he 
•joined the McCrraw-Hill Punishing Coir?- 
pany as associate edito? of the Electrical 
World, later becoming engineering editor, 
and then managing editor and coeditor. 
When the Eleqlrical Review was purchased 
by4he McGra-r-Ijftll Company, Mr. Bt^iy- 
mer was placed in, charge of l^oth the 
publishing and editorial policies of this 
magazjpen which started under the name 
of the Industrial Engineer. In 1925,„Mr. 
Brainier relinquished Hs editorial duties 
to organize the conrpany which bears his 
name, specializing in consulting and sale§, 
work associated' with power applications in 
industrial plants, large buildings, and 
power plants. He was at one time chair¬ 
man of the Nebraska Section. 


Morrissey was bom at Waltham, Mass., in 
1885, and in 1900 was apprentice to I. A. 
^Nourse, electrical Engineer, Westboro, 
‘Mass., receiving special instruction in 
power plant design and maintenance. 
After serving between 1903 and 1906 in 
the U.S. Army, he was assistant to the 
chief engineer of the Saxony Worsted 
Mills, Newtqn, Mass., for 2 years. Be¬ 
tween 1908 and 1910 fte was district super¬ 
intendent of the Eastern Michigan Edison 
Company at Wayne, Mich., and'‘at Ann 
A-rboj - , Mich., thereafter being in the 
engineering department of the Kansas 
City Electric :Jight Coinpany, Kansas 
City, Mo., for one year. He was at one 
time"' president' and general manager of 
the, Warren Light and Power Company, 
Inc., and later general superintendent of 
the Plymouth Electric Light and Power 
Company, Plymouth, Ind. This was fol¬ 
lowed by other similar engagements. His ' 
own company, which he organized a few 
years ago, was engaged as selling repre¬ 
sentatives and engineers for manufac¬ 
turers’ equipment. 


electric properties and was considered an 
expert in analyzing the costs of operation 
and iB conducting rate investigations. 


Walter. L. Woodmansee (A’23) chief • 
electrician of the American Stijel and 
Wire Company, South Works, Worcester, 
Mass., died recdktly as a result of severe 
bums received wqHe making some electrical 
connections at then plant. Mr. Wood¬ 
mansee was bom in 1875 in 'Nbank, Conn. 
Between 1896 .and 1.898, # he was ^engaged 
in the construption and testing of electrical 
motors and generators at the Eddy Elec¬ 
trical Company, Windsor, Conn., and 
between 1898 and 1902 was installing and 
repairing motors and (generators for the 
W. C. Mclntire Compahy, Philadelphia, 
Pa. For 2 years following 1902, he under¬ 
took electrochemical experimental work _ 
for Rogers and Hite, Conshohocken, Pa., 
after which he spent 2 years rebuilding 
electrical machinery for. Yearsley and 
Cevene, Philadelphia, Pa. From* 190& 
until th^ time of his death, he^held the 
position of chief electrician at tWplant of* 


the American Steel and Wire Company. 


Ira Burnard Matthejvs (A’17) super¬ 
intendent Sf the transformer department 
of the Toledo Edison Company, Toledo, 
Ohio, died suddenly at his work October 
25r 193i2. Mr. Matthews was bom in 
Defiance, Ohio, in 1877. In his youth he 
came W Toledo where te. obtained his 
early education, later attending Toledo 
University. He ^remained in this city 
the restjof his life, being empjpyed in 1894 
by the* Western Union Telegraph Com- 


John L. Switzer (Enrolled Student) who \ 1896 the Harrison Telephone 

recently received the Kruesi Improvement Company, m 1897 by the Buckeye Pipe 


Prize awarded to# senior students at the 
University of Tennessee, Knoxville, died- 
October 1932. Mr. Switzer had been a stu¬ 
dent at the University of Tennessee* gradu¬ 
ating from the electrical Engineering course 
in June 1932 and had enrolled as a full-time 
graduate student for the coming year. The 
<Kruesi prize, wfcich he had just received, 
was established bjaPaulJT. Kruesi of Chatta¬ 
nooga, for the benefit of engine£ring«tudents 
at the University of Tennessee and is 
awarded each year to students of the gradu¬ 
ating class who have been £ years in at¬ 
tendance at the University T>f Tennessee* 
The award is made to that student of the 
serilor class who by vote of ttfe faculty of 


Line Cotnpj^iyr 1 in 1901 by the ^Toledo 
Western Electric ^Railway, in <1903 by 
.the Pennsylvania Railroad Company, and 
*since 1905 by tlje Toledo Railways and 
Light Company, 'now the Toledo Edison Wash 
Company. Mr. Matthews served as fore- .-v 
man in the line department of this com¬ 
pany until the organization of the trans¬ 
former department, when he was made 
superintendent of this department. He 
had a •Oide experience in the general con¬ 
struction of telephone, telegraph, and low 
and high voltage ehctricah equipment. 


William Alexander Barrett- (A’07) 
died on MaysrJ, 1932, according to word 
recently received at the Institute head¬ 
quarters. He was bom at Wadesboro, 
N. C., in 1881, and was a graduate of the 
North Carolina ( Agricultural _and Me¬ 
chanical College in the electrical engi¬ 
neering course. Following graduation he 
was employed by thr Union Electric Com¬ 
pany of St. Louis, 1 K, as meter inspector 
for one year, and later held a similar 
position with the Missoula Light and 
Water Company at_ Missoula, Mont. 


More recently, Mr. Barret^ was dectriqpn 
at the Puget Sound Navy Yard, Bremerton, 


AJJ 


*s 


reuses 


* 


or 


« 


the college of engineering has made the most 
% progress while a student, taking i 


•Leonard G. Van Ness (A’04), consulting 
engineer of Memphis, Teim., and Lodi, 
WSs., died on Septembej;,$4* 1932, He was 

’ lies, effort expended as a student, financial **3,** ^l*? 89 “d graduated from the 

• difficulties, ability, and activities outside oS Pff"? ° f « f 

B.S. m E.E._ m 1896. tfe was then em- 


xnto con* 

sideration his preparedness, early opportuni- 


\ * • 
A list of Members Hiose jnail has beenTetumed 

by the pos? l U authorities is given below, with the 
address as it nOw appears on the Institute Records. 
Any member knowing of correction's to these ad* 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New york, N. Y. 


Ijie curriculum. One prize is given in each 
of 4 engineering courses and covers the 
initiation fee and first year’s dues in one of 
* the following 4 engineering societies: Ameri* 
can Chemical Society, The American Society 
of Mechanical Engineers, American Insti¬ 
tute. Of Electrical Engineers and American « 
Society of Civil Engineers. Mr. Switzer had 
been awarded membership in the Institute. 


, Frank T. Morrissey (AT6) who for 
jhe past few years has been president of 
F. T. Morrilsey & Company, Inc., Dallas, 
Texas^ ‘died September #*10^ 1932. Mr. 

December 1932 •* 


ployed®in the machine shop of the Elgin,, 
National Watch Factory at Elgin, III., for 
ofte year and was then engaged in power line 
construction for a*>year. Between 1898 and? 
1902? he* was electrical engineer with Emer- 
son-McMillan Company engaged in central 
station work* for ctfmpanies in a number of 
different cities. * In 1902 he became general 
manager oP the Lincoln Gas and Electric 
* Light Qompant at Lincoln, Nebraska. 
•Later he* was an . oijfccial of the Memphis 
(Term.) Gas a^d Electric Company and re- 
. mained active in public utility construction 
during his career. He ljad a*wide experience 
in construction and' rehabilitation of gas an4 


Anderson, F, C., 741 Oak AVe., Westfield, N. J« 
Bohner, C. W., 620—22nd Terrace, Miami, Fla. 
Brock, Geo., 1117 N. 16th St., Milwaukee, Wls. 

J. T A_• J _ _ v _ n. n n 


* j wog, rtytuma, jure AA ruL aUU, 

■Reparto AltuTe-Rio Almendares, Marianao,4lak- 
vana, Cuba. 

Heiser, Edwin S., 413 Federal Bldg., St. Pat*, Minn. 
Jefferson, H, F., 638 Portola Ave., Glend#le, Calif. 
Katz, Henry, 2714 Wallace Ave., New. York,»N. Y. 
Keller, Dr. Max Leo, Kornweg 8, Aarau, Switzer¬ 
land. 

Kirby, F. M., 2JTE. 49th St., New York, N. Y. 
McShane, Joe B., 810 Western N at l- Bldg., San 
Antonio, Texas. 

Newman, Rexford C., 100 High St., St..Clairsfclle, 
Ohto. 


Nimetz, John B., 3442 Sacramento St., San Fran- 
cisco Calif, * 

Olsen, V., P. O. Box 404, Shanghai, Cffina., 
Peterson, Alex.p Central West Pub. Serv. C8., 
Omaha, Nebr. 

SohaCz,_ Naxnatr, 1846 i —52nd St., Brooklyn, N. Y. 
ghen, C. Mayo, 18 an Check L8, S&att Rd., Shang- 
v hai* China. 


Uline, Wm. A. Northern Elefc. Co., Guy & Notre 
* Dame Sts., Montreal, -Que., Can. 


** \ 
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Local Meetings 


San* Antonio 


r r f 


P aS . 

Section. Meetings 


for the best local technical paper* Joint meeting 
with Engrs. Club, held at Hotel Traylor .Allentown. 
Oct. 14. Att. 650. • 


Los Angeles 


• * 


m 


Akron 


The Industrial Aspect, by W. L. Moreland 
Moreland Motor Truck Co.; Thb Transporta¬ 
tion Aspect, by Frank Carr, Pacific Elee. Co.; 
The Financial ♦Aspect, by O. E. Monnette. 
Bank of America. * Joint meeting with A.S.C.E., 
A.S.M.E., and'A.I.M.E. Oct. 12. Att. 800. 


Electrical Installations op Guggenheim 
Institute, by Prof. J. T. Walther, Akron Univ. 

* Demonstration^ aippert lighting upon the arrival 
and departure of a tft-motor plane from Pittsburgh. 
Different Types op Wind Tunnels, by Dr. 
Theodore Troller, assidSnt director of Guggenheim 

* • Institute. Demonstrations. Oct. 11. A&. 73. 

C 

Atlanta • 

• *The Engineer’s Place in the Sun, by Prof. 
W. E. Freeman, Univ. of Kentucky, vice-pres., 
JLl.E.tf. Oct. 7. Att. 45. ** 


Louisville • % 

Inspection trip to Dix River Dam. Oct. 29. 
Att. 35. 


Boston , 


*- — • r. 

Inspection trip through the new laboratories at 
Ifass. Inst. «f Tech. Oct. 19. Att. 90. 

Cincinnati 


Lynn 

Chasing News With a Camera, by A. H. 

• Blackington. Illustrated. Oct. 19. Att. 475» 

Professor Nichols, of Tufts College, conducted an 
inspection trip to Nahant, Beach Bluff, and S&lem 
to show local geological formations of particular 
interest. Oct. 29. Att. 35. 

The Solar Eclipse, by Dr, D. H. Menzel, ' 
Harvard Observatory Staff. Nov. 2 r • Att. 800. 


Symmetrical Components, by* A. W. Lewis, 
WestinghoSse Elec. & Mfg. Co. ^lustrations. 


Jladison 

Thb Edgbwater Plant, by W. S. Campbell, 
Wisconsin Pwr. & Lt. Co. Dinner. Nov. 2. 
Att. 42. 


Oct. 13. Att. 65. 


Cleveland 

Electric Shock, by Dr. W. B. Kouwenhoven, 
• Johns Hopkins Univ., vice-pres., A.I.E.E. Oct. 20. 
Att. 102. 


Memphis a m 

Activities of the War Industrial Board, 
by Major E. G. Kelton, U.S. Engineers' Corps. 
Oct. 24. Att. 33. • 


Mexico 


Annual banquet. Oct. 29. Att. 40. 


Columbus • • 

* Air Conditioning Development, by R. E. 

* -LIU_J OQ A 44- QA 


Minnesota 


RobilJard, Frigidairff Corp. Oct. 28.^ Att. 36. 


Connecticut • 

Seeing, by Dr. MatlSiCw Luckiesh, Gen. Elec, 
to. Joint raeetingfwith Engrs. Club of Hartford. 
Sept. 29.* Att. 200. 

DbshSs and Manufacture of Small Motors 
and Generators' by* D. G. Shepherd, E. W. 
Borggrafe, and W« it; Haines, all of the Electric 
Specialty Go. Oct. 26. Att. 59. 


Economics in Relation mo Public Utilities, 
by Prof. J. M-JIryant, Uniy. of Minnesota. Oct. 
27. Att. 20. w * 


New York 


' Qallfts 

PvsRHBAD Conductor Vibration, by R. A. 
Monroe, Aluminuqj Co. of America. Illustrated. 
Oct. J.7. Att 61. 

^ ^ 
t. Deiffer a «« 

* * Thb Human Sip-b ott^onstructing Engineers, 
by Prof.*F. 1?. Bliss. Dinner. Oct. 21. Att. 24. 

. Detroit* Ann Arbor 


The Utility's Problem, by H. R. Searing, N. Y. 
Edison, gnd United Elec. Lt. & Bpw. Co.; Thb 
Contractor’s Problem, fty Alien* Coggeshall, 
Hatzell & Buehler, Inc. Power group meeting. 
Oct. 14. Att. 400. . 

Air Conditioning as a Potential Factor in* 
National and World Economics, by W. H. 
Carrier, Carrier Engg. Co. Oct. 26. Att. 450. 

“ World-Wide Telephony, by Bancroft Gheijprdi, 
Amer. Tel. & Tel. Co. Communication group 
meeting. Nov. 1. Att. 525.. 


Niagara Frontier 

Rational Control of Motor Starting Cur¬ 
rents, by R. T. Henry, Buffalo, Niagara ft Eastern 
Pwr. Co. Oct. 21. Att. 65. 


The Public^ Utility Dollar-—Where It 
.Combs From and Where It Goes, by A. C. 
‘Marshall, Detroit fldison Co. Dinner^ Oct. 18. 
Att. 16a * £ 1 

Fort Wftyne « 


Oklahoma City • • 

Vibration of Overhead Conductors, by A. 
MonroeM^launifftim Co. of Amer. Oct. 20. Att. 
54. „ • , 


The Dependence of Air ^Transportation on 
the Electrical Engineer, by C. F. Green, Gen. 
Elec. Co. Illustrated. Oct. ll. Att. 115, 

Houston • • 

Industrial Engineering and the Elbctric 
Utilities, by L. K. Del’Homme, Houston Lighting 
§: 5,ower Co. Dinner. Oct. 26. * Att. id. * 


Philadelphia 


Adventures in Science, by E. L. Mtfuning, 
Gen. Elec. Co. Oct. 10. Att. 125. ^ 


Pittsburgh * • 

Electric Shock, by Dr. W. B. Kouwenlfbven, 
Johns Hopkins Univ., vice-pres., A.I.E.E. Oct. 19. 
Att. 114. ■* ' • 


IndMma^olis-Lafayette 

Low RoLtagb Circuit Protection Without 
the Use of Fuses in Combination With thb 
Cbion Principle of Arc Extinction, by H. G. 
Nichols, Westinghouse Elec. & Jvlfg. Co. Illqp- 
trated. Oct; 18. „Att. 72." 


^Pittsfield * • m 

Japan, China, and the White Man, by Up^>n 
Close. Nov. 1. Att. 1100. m 

• ' Aft 

Portland 


Annual dinner With six speakers. Joint meeting 
with N.E.L.A. Oct. 18. Att? 57. . * 


San Antonio's New Automatic Telephone r 
System, by B. D. Hull, Southwestern Bell Tel. Co. 
Inspection trip through the plant. Sept. 26. 
Att. 142. t 

Vibrations in Overhead Conductors, by 
R. A. Monroe, Alifminum Co. "of Amer. Demon¬ 
strations.^ Oct. 18. Att. 42. 

r 

•Sad Francisco 


The European Viewpoint, by Frart: Copley;. 
Proposed Boulder Dam Transmission aLine, " 
by Bradley Cozens, EfUreau of Pwr. & Lt. of the 
City Loy Angeles. Dr. J. F. Carrol l,, explained 
the laboratory equipment and tests to„be witnessed. 
Oft 10 At t aiuir ' 


Oct. 19. Att. 250. r 

jj, » 

Saskatchewan 


Banquet.* Joint meeting with E.I.C. Oct. 21. 
Att. 2j. 


a e 


Scheqpctady * 

Methods op. Outlining Colored ^Motion 
Picture Filjis, by J. G. T. Gilmour, Gen. Elec. Go. 
Oct. 6. Atta 125. _** 


Sharon 


• Electrons at Work and Tit Play, by Dr. 


Phillips Thomas, Westinghouse Elec. & Mfg. Co. 
Film—"Dynamite.’’ Oct. 21. Att. 230. 


Springfield 


Total Eclipses of the Sifa, by Bf V. K. 
French, Amer. Bosch Magneto |Sorp„ Illustrated. 


Ocf* 10 # Att. 71. 
Toledo * * 




Executive committee meeting. Oct. 6. Att. 8. 
Soviet Russia, by Mr, Buchenburg 1 , iNeclmcat 
Auto$jte Co. Oct. 12. Att. 18. 


Fundamentals oi^, Magnetism, by W* W. i 


Cummins, Toledo EdisoL^Qo.; Effects oiW Elec¬ 
tric Shock, by Dr. W. B. Kouwenhoven, Johns 
^Hopkins Univ., vice-pres., A.I.B^E. Oct. 21. 
Att. 160. 


Toronto 

Recent Developments in Air Breaker 
Switching, by W. Gilson, Eastern Pwr. Devices. 
Oct. 14. Att. 90. 

* The Foundations of Science, by W. F. Suther¬ 
land, Toronto Hydroelectric System. Oct. 28. 
Att. 50. * 


Washington 


Light, by Prof. L. D. ■ Bliss, Bliss Electrical 
School. Oct. 11. Att. 90. 0 


• Worcester 


Illumination, by W. E. Haycock, Gen. Elec. 
Co.; Radio, by Pqvf. H. H. Newell, Worcester 
Poly. Inst.; Air Conditioning, by E. D. Learned, 
Worcester Elec. Lt. Co.; Electric Heating of 
Buildings," Jjy W. A. Sutphen, New England Pwr. 
Engg. & Serv. Corp.; Telephone, by J. W. Kidder,* 
New England Tel. & Tel. C<f. Dinner meeting. 
Oct. 18. Att. 43. „ * 


Future 

Section Meetings 


* *» ,* 


*» 


Kansas City 

The Design and Purpose of Electric Dis¬ 
patching Boards, by T. V. White, Amer. Auto¬ 
matic E^ec. Sales Co.*; Television, by G. L. 
TQpylor, First^National Television Co. Demqp-. 


strations. Oct. 25. Att. 65. 


Providence . * 

General Electric Oil Furnace, by F. A. 
Durkin, Gen. Elec. Co. Oct* 11. At. 60. 

Thb Narragansbtt ElbcTric Distribution ( 
System, by Orie Van Rye, New Engfand Pwr^' 
Engg. and Serv. . Corp. Wov. 9. Att. 60. 


Boston 

December 13—Lightning Arrestors, by 
Messrs. Corney and Haynes. 

January 10, 1933.— International Communi- „ 

RATION. 

C* veland 

<*. „ 

December 15— Submarine Treasure Hunting 
i With Underwater Lamps, by E. W. Beggs, 
Westinghoqge.Lamp Co. Joint meeting with Ill. 
Engg. Soc., at Westinghouse Lighting Studios. 
Edgewater Park. 

January 19, 1933—Social meeting* • 


Lehigh Valley- , , * 9 

Electrons at Work and at Play, by Phillip* 
Thbmas, Westinghouse Elec, & Mfg. Co. Demon¬ 
strations. Prize of $25 awarded to W. H. Lessor 


St. Louis ^ ' . -ft 

Oil-Fil%bd, Sblf-Coolbd Transformers by 


Temperature, ify H.#B, Keath, \^agner Elec, 
^orp. Oct. 19. Att. 69. * • 
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Detroit-Ann Arbor • 

• »» 

December 13, at Detroit, Mich.— Electric *. 
Motors and Their Applications, by A. M. 
Dudley, Westinghouse Elec. & Mfg^Co. .<*• * 

January 17,193$, at Detroit, Mich.—E xtending 
Our Frontiers Through Research and Engi- » 

| r * •• 

. Electrical Engine^iing 



0' 


• *' 


• • 


• nebring, by H. P. Ch«rl*sWorth,«pres., S A.I i E.E., 

• vice-pres., Bell Tel# Labs., Jnc. ' • ‘ 

• Fort Wfyne 

December 7, at Chamber of Commerce.— Design 
and Application of Demand Meters, by H. M. 
Witherow? Gen* Elec. Co.; Performance Calcu¬ 
lations for Special Stationary Apparatus, 
by M. L. Schmidt, Gen. Elec. Co. 

Januay 17, 1933, at Home Tel. & ^'el. Audi¬ 
torium. —Dial Cowhlollbd Robots, by H.«M» 
Bruckart Jlome Tel. & Tel. Co.; A New Develop- 

• ment in Oven Control, by R. M. Hartigan, Gen. 
Elec. Co. Inspection of thg Fort Wayne Telephone 

. Exchange. ® 

Lehigh Valley 
December, ft, at Berksbirl 

♦ Three Years Progress inVibld Investigation 
With Artificial Lightning, by K. B. McEachron, 
Gen. Elec. Co.; Reversed Refrigeration for 
House and Water Heating, by G * Wilkes W. F. 
Barstow Co. 

Pittsfield % • * 

* December 6— Rovings of a German Sea 
Raider, by Captain Julius T^autefbath. 

• December ,20 —Theory of the Expanding 
Universe, by* Dr.. Harlow Simple*. • 

• January 3, 1933— By Air to Inca Land, tfy 
Robert Shippee. • • 

.January 17, 1933— Modern Railway Elec¬ 
trification—With Special Reference to 
Pennsylvania ^S^stem, by J. V. B. Duer, Pennsyl¬ 
vania RR. Co. 


lirl 


% ♦ 

Hotel, Reading, Pa.— 


toUdo 
December 




:ity, 


16—Lighmng the MonfiKN 
by L. A; S.'IWood, Westinghouse Elec. & Mfg. Co. 

, Janharv 13, 1933— Air Conditioning, by H. B. 
Matzei^ Carrier Corp. • 

Toronto • 

De#ember 16—Applkk.t*ons of Synchronous 
MoTORS^by Leech-Porter. 

January 19, 1933—Coordination- 
tion, by W. W. Lewis. 

January 27, 1933—Astronomy and the Dun- ' 
lap Observatory, by Prof. Chant, Univ. of 
Toronto. 


of iNSUL^f 


BramjL Meetings 


^University of Alabama 

The Commercialization of the X-Rays, by 
W. K. Price, studetft. Oqf. 16. Att. 29. 

The Power Distribution op*Trai^|it Lines. 
by F. B. Gaines, student. Oct. 24. Att. 24. 

University of Arkansas 

Benefits of Membership in the A.I.E.E., by 
Dean W. N. Gladson. Oct. o. Att. 37. 

A review of the papers and events at the Cdi- 
ference on Student Activities, held at the University 
of 4 Oklahoma, was given by several "students. 
Oct. 27. Att. 32. 

* Che American Engineer in Russia, by G. 
Smith, student;. Investigation of Single Energy 
Transients, by W. D. Thornberry, student; 
Engineering From the Salej# Viewpoint, by 

* C. E. Bradley, Gen. Elec. Co. Nov. 3. Att. 34/ 

Armour-Institute of Technology 

Discussion of Branch activities. Oct. 7. Att. 


Sorensen, counselor, gave a summary of the work 
garried on by the A.I.E.E. Oct. 14. Att. 26. • 
H. C. Fracke^ Bell Tel. Labs.^ Inc., gave a 
demonstration and lectur^of the newly developed 
a vertical cut phonograph records, recording, and 

• amplification system. Oct. 20. Att. 300. 

University of California 

T^p Application and Operation of the 
Teletypewriter, by R. Tibbetts and V. Tonjes, 
students. Motion pictures. Sept. 21. Att. 61. 

Initiation banquet. Problems Found in the 
Engineering, aSocial, and Economic Fields, 
by Dr. IrafB. Cross. Sepf. 23. % Att. 67. * 

Carnegie Institute of Technology 
The Development of, the Carnegie Tech. 
Branch oij the A.I.E.E., by Prof. G. Porter, 
counselor; Place of an Engineer in Engineer¬ 
ing Society, by Dr. W. R. Work; Benefits I 
Have Derived %rom Membership in the 
A^I.E.E., by Dr. C. E. -Skinner, Westinghouse 
' Eleg.*& Mfg. Co. Oct. 17. Att. 27. 

Testing railroad Tracks by Means of the 
Sperry Railroap Car, by Dr. W. B. Kouwen- 
hoven, Johns Hopkins Univ., vice-pres., A.I.E.E. 
Oct. 19. Att. 90. 

Case School of Applied Science 

Prof. J; R. Martin described his work in connec¬ 
tion! with’the eclipse. Oct. 21. Att. 81. 

Catholic University of America 
Election of officers: J. Springman, pres. * R. 
Bourne, vice-pres.; T. J. Naliy, secy.; F. Hurson, 
treas. Oct: 4. Att. 20. 

Clemson Agricultural College * 

Executive meeting. Oct. 4. Att. 61. 

A Modern European Power Plant, by M. G. 
Miller, student; The Development of Electri¬ 
cal Machinery in £he U.S., by H. A. Clayton, 
student; current events, by E.*B. Shaw, student. 
Oct. 25. Att. 34. 

« • ■ ♦ * 

Colorado Agricultural College 

O <1 

Prof. G. Z. Dimitroff outlined his trip to New 
England'to photograph the total eclipse of the sun. 
Joint meeting with A.S.M.E. branch. Oct. 24. 
Att. 26. 

University of Colorado 

• The Construction, Managb*®Rit, 

TiONS of the A.I.E.E., by Prof. W. C. DuVall, 
counselor and Prof. M. S.«Coover, District secy. 
A.I.E.E. Oct. 5. Att. 63. 

My Vacat^in Tour of France, Switzerland, 
Germany, Engi^.nd on a BiCyclb, b*y J. M. 
Evans?*student. Illustrated. Joint Meeting with 
A.S.M.E. Branch. Oct. IQ. Att. 52. 

Cornell University • 

• * 

Political Issues and the SfocK Market, 

J. W. McWilliams, student* The Making 
Lateral Cut Records on Aluminum Disks, 

J.W. Conn, student. Oct. 28. Att. 25. 


/ * 

f . * 

University of Il^aois 


The Thboj 
Mr. Veach, si 


& 


OF 

ent. 


Oscillatory Circuits, by 
Film—“The Electric Slup.” 


and Fun* 


Oct. 1£ Att. 127. 

University of Iowa ‘ # • 

R.O.T.C. Summer Camp Lf&s, by T. R. Mac- 
• Dougall, student. J. # W.»T31essing elected secy. ^ 
Oct. 5. Att. 31. * . * 

General discussion and inspection of thcnew dial • 
telephone exchange. Oct. 12. Att. 32. V 

Dial Telephone Systems, by H. Hammond, „ 
Student; Elimination of Radio Interference, 
by A. Shradel, studedt. Oct. 26. Att. 1*? ~ 

Flood Lighting? by C. Bartholow, student; 1 
Guiding Airplanes by Aadio, by Wm. Benineosa 
student. Nov. 2. Att. 36. * 9 

University of Kentucky f • * 

Election of ^facers: R. H. Gray, pres.; E. W. 
Graham, secy.-treas. Sept. 21. Atte 48. 

Lehigh University ' 

Airport Lighting, by W. D. Hickman, student; 

My Experiences at Harvard And M.I.T., by * 
Prof. J. L. Beaver. Committees appointed. Oct. 

7. Att. 50. 

The Cosmic Ray, by TO. R, A. Millikan, Calif. * 
Inst. oPiTech. Oct. 26. Att. 780. 

* % 

Lewis institute , 

Prof. F. A. Rogerb> counselor, outlined the* 
privileges and advantages of student enrolment in 
A.I.E.E. Oct. 18. Att. 120. * -> 

Election of officers: I. R. Ekstrom, pres.; Walter 
Bohne, sSfcy.-treas. Nov. 3. Att. Si.’** 

• #<“ » * ** 
Louisiana State University m 

Discussion. l?ov. 3. Att. 21. 

Unifersity of iAmisville 

Dix RiySk Dam Electric Power ?RpjBCT, by 
Mr. JeffersoA>-?r3dent. Film—“Pathways of 
Progress.” N3 v. 7. Att. 23. • 

Michigan College of Mining and Technology 

Prof. G. W. Swenson, counselor, outlined the * 
advantages of membership in the A.I.E.E. Oct. 13 
Att. 42. » m • 

Distribution, by I. H. Gronseth, Board of * 
Water & Elec. Lt. Comm. Qot. 19. Att. 46. 

Inspection trip to the Howell Motors Co. Oct. 

26. Att. 17. # „ % ~ 

Ultra short wave rack* demonstration. Nov. 2. 

Att. 41. * 


fl 

I* 


University of Michigan 

Election of officers: 

Leland, vice-chmn.; I. 

Carr, treas. Film—“NattflW 
Oct. 17. Att. 64. 


Q 9 ^U #Milwaukee School of Engineering 
by Electric Sectional Drive for Pa1>er 
Making Machinery, by E* H. Laabs, Cutler- 
Hammer Mfg. Co. flDct. 12. ' Atte TS. * 


J-#M.* Lyon, chmn.; G. 
J. Singer, SScy.; D. J.. 
‘ Frozen Credits.” 

» 


• v 


31 : • 

Air Conditioning, by M. J. Maiers, Central 
Station Institute. Illustrated. Oct. 21. Att. 3^j. 
Motion pictures. Nov. 4. Att. 30. l| 

* University of British Columbia 

lynsTERN Electric Speech Input Equipment^ 
by W. Smith, student; Photo-Telegraphy, by 
L. Rader, student. Oct. .13. Att. Is. m 

Polytechnic Institute of Brooklyn 

The ’ Applications of the Photoelectric, 
Cell u$ the Holland Tunnel, by Prof. Robin ( 
Beach. Refreshments. Nov. 2. Att. 66. 

California Instate of Technology 
iS.. Sk Hocfte, chmn., gave a report of the Pacific* 
Coast Cpnvention held in Vancouver. Prof. R. W. 

\ * 

Decbmber 1932 
- • „ % 


University of Denver 

Electrical Engineering and Senior Branch 
of A.I.9.E., by Prof. R. E. Nyswander, counselor. 
Oct. 11. Att. 20. 

Inspection trip through the terminal station and 
two substations of th# Public^Service Co. of Colo. 
Att, 12. , 

, University of Detroit *V 

Lighting of the ^Rmpus and Power Factor 
fSoRREjjiTiON, by Prof. H. O. Warner, counselor. 
Film#*—"Vacuum Tube •Synchronization,” “Syh- 
djtonizing Machine Construction." Oct. 27. 
Att. 42. 

Dukft University 

The Advantages and Disadvantages *ov 
Dousi^p Comductor Trai9imission Lines, by 
D. E? CooJ, student; 'Ihb Expansion of Eleqj 
*trical Engineering Fields, by W. J. C. Brow*, 
Student. Oct. 18. Att. 27. 

Fa^lacisss of Mathematics, by Wm. Karpinsky, 
student The EncSne^r’s Place in the Sun, by 
Pro*. W. E. Freeman, univ. of Kentucky, vice- 
pres., A.I.H0.E. l^ov. 3. Att. 33. 

University of Florida** 

The Florida Portland Cement Plant at 
Tampa, Fla*, by J.^3. Smith, student; Things of 
Interest in the Bell Telephone Laboratories, 
by E. L.*6tuhrman, student, Oct. 18: Att. 40. 


University of Minnesota * 
ExpAiences at Oxford, 

r a 4-+ n * 


by *Fred Hovde. 


■4 


Haines and F. 


* University of Idaho w 

Films—“Manifactupng Mazda 
“Power Transformers.” Dinner. 
26. . . 


Lamps,” 
cJte. 4. 


and 

Att. 


Mississippi State Qpllege 

Discussion. Oct. 12. Att. 30. 

' * 

University\f Missouri 

Synchronous Motors, by C. _ _ 

Hubbell, students.* A. Coffman, stiident/outlin^d 
the Conference on Student Activities, held at the 
Univ. of Okl& JJov. 2. Att. 27. 

MoifJana State College 

X-Ray and Cathode Ray I'ubbs in Biologic/sl 
Servtcb, by L. Ambrose; The Engineer in a 
Changing Society, by R, V. Bauer; Undbr- 
dfeouND Condvkt Construction, by J. Cr(Jbip-; 
A Noiseless and Flausless High-Voltage 
Fusb, by Loran Eisele; Erecting Poises With 
Conductors Attached, by C. L. «rebe, all 
students. Oct. 13. Att. 86. * 

Welding Steel Structures, by Rex Wyman; 
115,000 Kw.*Turho-Alternator, by E. Roth- 
4us; Radio and Television, by JT: Degenhart and 
J. Lightfoot, all students. Oct. 20. Att. 8%. 

The Characteristics of Some •Miniature 
Lamps, by D. A, Nauck; Highway Lighting, 
by J. Antonich; Visiting Butte's Greatest 
Industry, by M. Axelson; Further Research 
k in iNyqjiiBS Fr#m Electric Shock, by C. Berglaitd, 
^U»studen(j. Oct. 27. Att. 95. 

University of Nevada * •* 


Discussion. Oct. 7. At^. 7. 


f 
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Newark College # Engineering ~ Rffiisselaer Polytechnic Institute 

Members attended the George Washington Bi- W ^Construction 
centennial celebration, sponsored by the joint X Line Between 


professional engineering societies of Essex Qpunty, 
at which Roy V. fright, editor of Railway Age, 
spoke on George Washington, The Engineer. 
Oct. 19. Atf. -25. - 

• 'I 

University of New Hampshire 
Film—Anthracite.” Sept. 24. Att. 3L 
TBSTiifo Paper for Electrical Insulation, 
by H. T. Dickson; Correctinq Readings Taken 
on Shall Power Motors, by<-A. E. Dogan; Edd$ 
CuRRBnTs, by H. W. Feindefc E. Home covered 
the question box in Electric Journal, all students. 
Oct. 1. Att. 2?^' 

Nothing More Modern, by H. W. Machon; 
An Ordeal by WA-ppR fnd Eddy Currents, by 
Cl Abbiatti; Mechanical Vibration Research, 
by A. F. Align; The Clock on -fin Mantel, by 
E. L. Huse, ail students. Oct. 15. Att. 32. 

Types of Supply for Three Wire Systems, 
by C. W. Quimby; Fusing the Neutral of a 
Three Wire System by H. W. Hamm; The 
Homopolar„or’Unipolar Generator, by R. C. 
Loeschner; Gun Recoil Control, Mbtalizbd 
Wood, and Invisible n Wire Hair, by M. H: 


* 


Att. 29. 

• r 

by O. 


Sargent, all student^! Oct. 29. 

College of the City of New York 
, iNdliSTRiAL Control Problems, by O. H. 
Diefendorfer, Gen. Elec. CX>. Oct. 20. Att. 51. 

* Discussion. Oct. 27. Att. 29. ^ 

New York .University 

*■ Prof-H'MS'T Walker, counselor, outlined future 
plans. Oct. 14. Att. 18. ' 

_*The Photoelectric Cell, bj*»Mr. Zdanowitz, 
student; Push-Pull Amplifiers, by Mr. Christie, 
student. Oct. 28. Att. 20. e * 

North CagoGna State College 
The Electric Power Dbve^’^bnt in Syria, 
by J. R. Salem, student; Engineering Topics of 
the Day, by C. M. Smith, Jr., student. Oct. 18. 
Att. 42. 

Counting Salmon in Alaska, by J. S. Culbert¬ 
son, student; Engineering Topics of the Day, 
by C. M. STaith, Jr.fstudent; Technocracy, by 
F. E. Brammer, student. Nov. 1. Att. 35. 

.fa ® 

University of North Carolina » 

The Anp**, Ewncwons, and Organization of 
THE A.I.E.E., by Prof. J.“f, Lear, counselor; The 
A-.I.E.E. Convention at Cleveland, by Prof. 
B. W. Winkler. Oct. 13. Att. 50. 

University of North Dakota 
Caissons? by Boyd Begg, Raymond Concrete 
Pile Co. Oct. 5. -SACK 21. 

« Talk by P. J. Montgomery, Northern States 
Pwr. Co. Oct. 19. Att. 21. 

'Film—“Electricity Goes to Sea." Nov. 3. 
Atttl7. f* 

University of J^otre Dame 

Electrical Applications w to Municipal 
Government, by Er A^Qu#Ks, supt., City Elec¬ 
trical Dept, of South Bend. Oct. 19. A|t. 70. 

Making a Living Wii*h an Engii'Ieering 
Education, by J. P. Kennedy;: Patents-— How 
to Get One and the Cost, by Leo Hanlqq, stu¬ 
dent; Electrification of the* Great Northern 
CtAiLW^Y, by John Ijynd, student; P. McCaffary, 
student, save the bi-weekly mview of curtent engi¬ 
neering news. Nov. 2. “ Att. 54. f ' 

Ohio State University *• 

History and Founding o9 the A.I.E.E., by 
Prof. F. C. Caldwell, counselor; Tits Engineer 
in Industry, by Prof. Bibber. Oct. 13. AH. 40. 

Ghio University ’ 

Prof. A. A. Atkinson, counselor, and J. Hoskin- 
son.^chmn., outlined the advantages of membership 
in. the A.I.E.E. Oct. 10. Att. 23v a 

Remote Control op Ships From Land Sta- 
Trotfe, KJr W. Cooper and C. Eddy, students. 
Oct. 1% »Att. 14. 

How Electricity Received ' Its Start in 
Athens, by Prof. A. A. Atkinson, counselor. 
Nov. 2. Att. 15. + 0 

University of QklShoma m 

Prof. F. Q. Tappan, counselor, explained student 
enrolment in the A.I.B.E. Oct. 5. Att. 18. 

Oregon ^ate College ' - 

^.CCBPTANCB *TBST OP THE ROCK ISLAND H]k. 

drAulic Unit, by Ji F. Spease.fiGen. Elec. Co. 
Oct. 20. Att, 39. * » 

' r - W 

Pennsylvania Stale College - 

"Smoker. ; Oct, 5. Att. 60; * 


of the New Transmission 
Albany an a* Westchester 
1 Counties, by A. G. StTckrott, N. Y. Pwr. & Lt. 

?1 Corp. Oct. 18. Att. 350. f 

Rhode Island State College 

Film—"Nature’s Frozen Credits.” Oct. 13. 
Att. 25. • 

Michaelson’s Experiments on the Velocity 
of Light, by Prof. Wm. Anderson, counselor. 
Oct. 20. Att. 16. 

Industrial Applications of Ab ^hyratron 
Tube, by E. A. Hswcocksand A. J. Moore, both of 

the General Elec. Co. Nov. 2. Att. 175. 

• - 

Rutgers University 

Discussion. Oct. 4. Att. 19. • a 

Practical Testing of Telephone Cables, by 
L. M. Leeds, Arndt. Tel. & $el. Co. Oct. 18. 
Att. 19. ’ 

Film—“Conowingo.” Nov. 1.- Att. 41. 
University of Santa Clara 

Industrial Achievements in Other Coun¬ 
tries, by Warren McBride. Joint meeting with 
A.S.M.E. Branch. Oct. 7. Att. 66. 

^University of South Carolina + 

Television, by G. W. Arran ts; Thjj Liner 
That Cannot Roll, by T. J. Bennett; Electric 
Aids to Medicine, by S. A- Black, all students. 
Otft.lO. Att. 33. 

Night Lighting for Outdoor Sports, by D. W. 
Cardwell; Radio and Dynamite F<i£d Earth’s 
Secret Riches, by T. H. Coughman; Electric 
Ship California, by C. L. Bradley, all students. 
Oct. 17. Att. 34. 

More Power to Canada, by R. F. Cuthbertson, 
student; Photoelectric Control of Paper 
Cutter Register, by N. J. Christensen, student. 
Oct. 24. Att. 35.• *• 

Radio Activity, by M. Garris; Welding, by 
L. Folson, Overseas Tblbphjpn^, by A. £>. Dan¬ 
iels, all students. Oct. 31. Att. 33. * 

• • 
South Dakota State«$ch0ol of Mines 

Discussion. Oct. 12. Att. 25. • 

Albert Hall elected vice^chmn., and Charles Reed 
elected secy.-treas. Oct. 21. Att. 26. 


University of S^thern California • 

The Essentials of a Successful Engineer,” 
by Mr. Rowley, Los ^pgeles Bureau of Water and 
Power. Sept. 21. Att. 26. • 

Engineer and His Social Aspects, by Dean 
Bacon. - Sept. 28. Att. 20. * 

High Hbmd, Remote Control, Pflfepi^p Sta¬ 
tion at Bouldbr.Dam, by W. F. Grimes, Westing- 
house Elec. & Mfg. Co.* Oct. 5. Att. 29. * 

Banquet. Oct. 13. Att. 2A * 

• qi 

^Southern Methodist University 

Recent Developments in the MbtjJrino^of 
Electrical Energy, by M. F. Jones, student. 
Oct. 19. Att. 8. 

Stanford University 

Events at the Pacific Coast Convention, held in 
Vancouver, outlined by several students. *Oct. 11. 
Att. 30. 

Stevens Institute of Yechaolffey 
Rolls 

SCHNIBD* 

Oct. 7. Att. 44. __ 

Syracuse University • 

Crystal Control of stub Vacuum Tube, by 
A. Adams, student; Radio Beacons, by G. sP. 
Bower, student. Oct#.£l. Att. 23. 

Power Transmission, by J. S. Brzost«k, student; 
XJLays, by R. Bradshaw, student. Octr 18. 
An, 23. 

. Power TransmiSIion and Diwribu^on in 
Syracuse, by A. Carley#student; Static Elimi¬ 
nation in Radio Sets, by C. M. Crysler, student.* 
Oct. 25. Att. 20. ♦ 

• Inspection trip to hydroelectric powdt* plants at 
Salmon River and Osweggp. Nov. 1. A£; 21. 

Harmonic Analysis, by Prof. C. W. Henderson, 
counselor; Electrical Home, at Present, by 
L. E, Dawley, student; Elbqtrical”Homb or the 
Future, by N. F. Emig, student. Nov. 8. Att. 
21 . 

■a ' • 

University of Tennessee V. 

Discussion of future activities, 


s JRoycb Type R Engine Used in «hb 
; vfir*ROFHY Races, by Prof. E. Fezandie. 


Wil^jr Patton, ^udent? r Preview of current events • 
given by Mr. Lerch, student. '•Nov. 2. Att. 14. • 

Texas A. & M. College „ ' • 

Election of officers: G. H. Samuels, chmn.; 
W. E. Steele, vice-chmn.; J. I. Walton, secy.-treas. 
Oct. 4. Att. 80. O 

Why Modern High Speed ^Railway Service 
I s gossiBjjB, by H. B. Yarbrough; Stray Losses 
of a D.C. Dynamo, by J. K. Jones; Permeability 
^Tuning op Broadcast RiTfCrvBRS, by C. C. 
Johnston; An Ultra Short, Wave Transmitter, 
by G. C. Hutcheson;. ^Lightning Protection, • 
by A. J. IsmeaJ, all stcdents. Oct. 11. Att. 26. 

‘Conowingo.” Oct. 27. Att. ^0. 

Texas Technologic# Cqflege » n 

The Aims and Purposes of ^hb Student 
Br/Tnches, By J. Preston Conner,, student. The * 
Advantage^ of a Technical Education, by Dr. 
Bradford Kn^pp. Oct. 5. Att. 29. 

University of l^xas 

W. B. Hurt elected, corresponding secy. „ OcC 5. 
Att. 28, * 

Some Fun4ambntai,s on Inductive Coordina¬ 
tion, by David Stissiif, student. Oct. 13. Att. 12. 

University of Utah .„ " 

Fijm—"A Trip Through the G. E. Plant.” Oct. • 
26. Att. 30. * 

New Transmitter Equipment at Station 
KSL, by E. G. Pack, radio engr. at that station. 
Nov. 2. Att. 38. r r „ 

University of Virginia - . 

DScuSSion. Oct. 14. £ttC 14. 

The EN&inSer’s Place in the Sun„ by Dean ^ 
W. E. Freeman, Univ.^of Kentucky, vice-pres., 
A.I.E.E. Oct. 20. Att. 24. -b, * • 

Virgin 1 * Military Institute 

Armature and ST/rqp Windinos, by Jif. W. 
Dingman; Elevator SeCCice in Our ^Modern 

f cYsCRAPBRS, by J. T. Taylor; Improving the 

RBSTIOE OF THE ENGINEERING PROFESSION, by 

G. S. Bernard; The Story of Frequency, by 
C. E. Schoonover, all students. Sept. 23. Att. 
111 . 

Nothing More Modern, by R. S. Singleton; 
Electric Locomotives, by J. M. Troutt; Motor 
Ohr Design, by G. C. Wilson; Guiding Air¬ 
planes by Radio, by T. R. Wise, all students. 
Oct. 1. Att. 106. a 

Virginia Polytechnic Institute H ^ 

Film—"Conowingo." Oct.^13. Att K 168. % 

The Engineer’s Place in the Sun, by Prof. 

W. E. Freeman, Univ. of Kentucky, vice-pres.,- ' 

* A.I.B.E. Oct. 21. Att. 66. c 

» Highway and Street Liohting, by W. E. 

• DeBrick;* Reversed ^.b^riobration, by G. Giles, 

Jr.; Too Many Enginhers, by E. H. Farley; 
Communication as an Aid to Transportation, 
by J. L. Browh; Philadelphia’s New Electrical 
Structure, by R. P. Haskins, all students. Oct._ 
27. Att. 42. ■ 9 , 

State College of Washington 
General discussion. Oct. 14. Att. 25. 

University of Washington 
Frequency Modulation of Radio Waves, 
by E. D. Scott, student. Oct. 13. Att. 26. 

•Business Conditions as They Affect the 
■ Student, by L. E. Karrer, Puget Sound Power & 
Light Co* Oc*. 20. Att. 21. <f 

> film 1 —“Nature's Frozen Credits.” Oct. 27. • 
Att. 23. * * $ 

^e at Virginia University 

Taming a Tropic Torrent, by R. H. Colborn; « 
Longest Telephone Cable in the World, by* 

U. A. Chapman; Is Radio Makeno Us a Race op * 
Morons? by'J. G. Henderson; Type 57 Radio 
Tube, by N. I. Hall; 'Experience in TbstinS 
Porcelain, by J. E. Wallace; Thermostatic! 
Control on Motor Circuits, by M. B. Tolley; 
Lps of Benjamin Carver Lammb, by R. Mar- * . 
snifll, all students. Oct. 10. Att. 22. 

Synchronous Motor Effect in Induction 
Motors, by F. Q. Brown; Wave Frequency* 
#Mbtbr. # by: G. F*. LeFeure; Circuit Diagrams, 
by J. Millard; Little Water Passes Eaolb &ass, 
by E. ^D. McMillan; S. S. Manhattan, by C. B. 
Sims; Communication at National Conven¬ 
tion, by P. M. Vannoy; Constant Current 


Discussion of future activities. Oct. 5.* Att. 20. * Street Light Circuit, by L. P. Lovett, all stu- 
Films— Sugar Cane %iustry in Cuba” and * dents. Oct. 17. Att. 26. 
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“Cointruction of the Panajna Canal.” Oct. 19.* Testing Surge Generators, by R. Caddock; * « 
Att. 25. . m W ~ ~ 

Characteristics of a Mbrcury«Vapor Tube, 
by A. C, Seletzley^ and $. T. Shevlri, presented by- 


Biography of Charles P. Stbinmetz, by G. ’ 
"■Henderson; W. Va. University Hfi4two>PCANT,* 
by R. R. McCue> Pearl Street Generating 




t 
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EtribTRicAL Engineering 


•Plant,* by E. J. WilEamf; Public A#>dK2s 3 
k System, by W. D.*Hall; ■Modern Liohtino in 
• Interurban Cars, by L. H. Winger, all students. 
Oct. 24.* Att. 24. 

Description op an Alexandre an Alternator, 
by N. I. gall ; 75-Kv Submarine Cable for 
Deepwater St.££ion, by J. E. Wallace; Power 
. Eliminators, by hJ. B. Tolley^ Diesel Power 
Stations, by R. Marshall; Hydrogen a^a Cool* 
* * ' 


ing Medium for Electrical Machinery, h? 
l£ H. Colbom; Turbine Design Herb and in 
Great Britain, T>y L. VL Hall; Methods op 
Controlling tjhe Speed o> Induction Motors, 
i»y W. C. Monteith, Jr., all students. Oct. 31. 
•At; 25. 

University of Wisconsin 


Moving pictures. 


Oct. 19. 


Att. 28, 


Jbniplofpieiil lYoteS 

Of ike Fnqinecrin^Socielles Employ men! Service 


Men- I . ^ 

• . <* 

• Available 

• 

Construction 

ELEC* CONSTRUCTION ENGJ.with 10 yr 
practical .experience in elec, construction on new 
and old buildings, Including estimating, field engg. 
ati^i designing. • H«L*e had complete charge of elec, 
construction on many buildings in New Yorie CJty 
and . can furnish the best of references Available 
^at once. A*#50. • 

•CONST* MAIN. ENGR, 30, married, factory 

* layout installation, inventive, new ideas pertateng 
to elec, and steam much. conveyors, switcnbJara 

* design* Power plant layoat and installation, 
const, tthnsmission, also giaOd in marine work. Lc* 
cation anywhere. D-10221 

E.E. GRAD* Ohio State t 1929, mawied, 29. 
Three yr communication training with Ohio Bell 
Tel. Co., including outside line and cable con¬ 
struction, subway, pole line, maintenance, in¬ 
stallation and testing experience. Not afraid m 
hard work. References furnished. Available im¬ 
mediately and will go anywhere. D-1674. „ 

GRAD. E.E., 29, five yr supervisory construc¬ 
tion, design, estimating and field engg experience 
on super-power plants and substations; 4 yrinaus- 
trial power plar% operation. Elec. Construction 
maintenance experience; railway electrification 
*> construction experience^ C-4428. 

Design and Development 

DISTRIBUTION, DESIGN OR MANU¬ 
FACTURING ENGR, E.E. grad. 27, married. 
Six yr experience with Westin^ouse on dfttnbu- 
tioxLy special and small transformer designs. De¬ 
sires responsible position as transformer design, 
development or mfg. engr or e.e. for mfr., s utility, 
holding company or where knowledge of big com¬ 
pany’s methods may be used. ' Available immedia-. 

- • ately. D-983. 


power plants, industrial buildings, copper and oil 
refineries, substations and transmission lines. 
Alsd one yc as assist, research engr with cable cOj, 
and'one yr*as elec, tester with elevator co. Speak 
Genribn. C-5473. 

ELEC. DESIGN ENGR, 3I t single, 8 yr fix; 
perience in design and analyzation of manual and 
automatic telephone circuits. . Experience on relay 
sCrt+pfi 7%itrolled circuits for signaling or 


-♦ion, finance ana valuation. Familiar with elec., 

/ gas, and watepiproperties. Prefer executive p3st- 
,'tion with public utility. Location .^immaterial. 
lD-1639-v ■ 

i\ • r 

ELEC.-MECH. ENGR; unlv. grad., married, 
34; 4 yr steel migs, one yr G. 'B. test, 3 yr public 
utility, 4 yr industrials. * Estimates, designs, 
specifications, developments, tests, construction, 
supervision. Steam hydraulic power plants, 
manual .automatic substations, converter "tations, 
industrial buildings, overhead underground trans¬ 
mission systems, high low voltage equipment. 
Available immediately.' C-2907. _ y 

ASST. ENGR, 14 Ayr experience, 34, married. 
Nine yr with 2 largfe eastern utilities, full engg 
charge in the installation and maintenance of sub¬ 
stations and generating stations. Five yr with 
leading mfgr., design, development and,produc¬ 
tion engg, outdoor substationv'and substation ariS> 
transmission switching and protective equipments. 
D-1844. - Cl 

B.S. in E.E?., 26, single. Three yr general 
engg experience, including erecting and testing 
power equipment; conducting illumination and 
voltage surveys, PeculiarljofiJted For e.e. service 
in Spanish speaking countries; can speak Spanish 
and Engliyp equally Well. D-1462. 

GRAD. ENGR, age 31. * Tell yr experience in 
- public -utility and industrial field. Most of tune 
on standardization, valuation and other problems 
of public utility economics ‘including future, ex- 
Dansion and budgetary c.tsitrol. Am'conscientious 


and si 
alarms 


Liu LC1CUUW1AV. LUI.U.W. —7 :— ,7 

ritcb 'iSntrolled circuits for signaling or 
Available at once; D-1647. , 


E,E. GRAD., 27, single, desires position in de¬ 
sign, development or' teaching. One yr testing 
d-c machinery and controls, 4 ,yr development of 
outride plant hardware for telephone use. Avail¬ 
able at once. Salary ^nd location open. D-1305. 

E.E. GRAD, of Purdue, 18 yr experience, in 
railway, npwer plant, substations, transmission 
line, Steel*-mill end paper mill design, construction 
and. operation. G.'E. test. Valuation, appraisal, 
invention. Two yr sales. Available now. Loca¬ 
tion imma^rial. C-8256. 

ELEC. DESIGNER, 32, married, equivalent 


pansion and budgetary Octroi. Am conscientious 
worker and will make good man for some utility 
rijbhing to study changing economic conditions." 1 
B-6934. 

ELEC. £NGR, married, E.E., M.E.”"^ yr ex- a 
perience, designing, construction power plants, sub¬ 
stations, transmission, distribution systems, and-> 
industrial plants.? Three yr charge purchasing!-, 
engineering equipment, foreign interests. Three 
yr executive experience charge engineering depart¬ 
ment large futility syndicate. English^ German, 
Russian, A-u-fenjan. ^erkish languages.- Avail¬ 
able immediateljxTWRrfli. „ 


Git AD. E.E., B.Sc., Master Bus. Adm., studies 
toward M.Sc., 36, single; 15 yr broad experience; 
"power plant, substation design and wmn§ diagrams; 
appraisals; automatic telephone equipt., cable 
inspection and specs.; test work,on motors qpd 
gens.; instructor elec. lab. (Desires position of 
rMnnnslhllitv With industrial concern, utility, 


B.E., univ 
design work 
work, desires 


grad., elec, pdkrer experienje, 
and construction and main,! 


s, both 
fenance 


UCSlgU WUIA UUU WUBU UM-w** -----. ^ 

work, derires position with power or mfg. organiza¬ 
tion offering permanent or temporary position ia 
office*or field. B-1923. 

E.E., univ. grad., 34, single, 7 yr Jexperience in ^ 
drafting design, installation distribution networks, 
power companies and industrial plants. Five yr 
with communication engg in. design, manufacture 
of testing equipment. Good mathematician, go«d . 
draftsman. French, German, Spanish. Desires 


' w . - n • . gCJJO. , 1U9UULUM WM.V. < -7T,, 

ELEC. DESIGNER, 32, married, equivalent responsibility with industrial concern, utility, 

a college education, best of references, 14 yr consulting engr or teaching. B^7877. „ 

perience in design St,-hydroelectric and steamy ... 

nower olarits. automatic "railway, v$gh and lo>.< Inspection =» 

tension suSstations and low tension network ws- ELEC. GRAD, 38 «*••.**> jVperience 

terns. Available at once. Location immaterial. factory testing, W.E.&iM? Co., East Pittsburgh. 

B-8628 Pa. One yr steel coitfpany insWilmg and testing * 

? elec, equipment. 6 months’ factory inspection of 

[ecutives .. transformers. 2*/* yr general inspection of elec. 

txttvttc; r>n%TBOL AND SWITCHGEAR equipment with insurance co. . Good reference. 

^at^^milkZ ^tical Available immediately. An? lotion. ©-1461.^ 

chnical experience of 15 yr estimating, design. - ? »’ 

S d S,?i±^SS>^pU»Sfod“u'«l“rJ GRAD. B.E., 7 ,r it ,r p»*tc,U • 

zs&ssa^v-i*^ ■ -aa ^. s ^s, h .“d b ^^rs;- 

■ anywhere. B magn, Wgh vacuum technique; X-ray analysis. 

t65-4018-Chicago. • Publications. At prfisent grad. as»t. in physics. 

E.E. GRAD,, 37, married, with 15 yr experience Desires tea ?^f P.^^f f e £h5?f g or Te3e ^ rCh 
ivwigg Westinghousetest andpublifiut il^ ^era- position. Available Jan. 1. D-I616. w 


Executives jl* 

INDUS. CD^TTROI- AND SWITCHGEAR 
ENGR, 'SlornSU graduate, mamed., ,*Practical 
•technical experience of 15 yr estimating, design. 
Euilding, Installation and operating of manual 
nd automatic controk applied to productive and 
-central station industries. D-1273^ • 

AVAILABLE AT PRESENT e.e. grad. _ 1920. 
TwelvD yr. Bell System experience, 2 months fcj.Js. 
test. Married, 2 children. D-1617. 

E.E., grad., 33, single, 9 yr experience. G. E. 
test and switchboard engg. Is thoroughly familiar 
with relay, meter and power circuits together witn a 
broad knowledge of power plant and industrial 
elec, requirements. Can locate anywhere. J- 
8385-4018-Chlcago. 

O * 

E.E. GRAD,, 37, married, with 15 yr experience 
covering Westinghouse test and pubiy^utilUjypera- 


witn communication engg m ucsiku, • .. • 

of testing equipment. Good mathematician, good , ® ' ■ _ . .. 

^J^otBiMe positfon. ^nywhere^^lMA V ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


E.E. (^RAD., 33, lO yr experience in the elec, 
efcndustry, 8 yr actual experience oiLthe dMign ot 
motors’and fans. ' Capable of assuming , full re- • 
Sponsibillty for development of a-c and 
arid generators. Highest references. Middlewest 
prefearred. C-5353. 

ELEC.-MECH. ENGR with metallurgical 
knowledge* College grad, with post grad, study. 
Age 30, married, Westinghouse design training. m 
Six yr experience design elec, circuitsi and 
details of control apparatus) specializea in elevator 
equipment. Interested in , alloy welding research. 
Location immaterial. Available on short xytiice. t 
- c-9638^ y 

ELEC. AUTOMOTIVE ENGR, deAes |^i- 
tion with medium size manufacturer on design ano 
development of automotive, accessories. Have 
patented 18 automotive accessories. .Ten. yr ex¬ 
perience and at present experimental and auto¬ 
motive engE»on fleet of 2,300 trucks, etc, Techm- 
. x;al education, age 32. Location New York or 
Tltiladelphia. D-1853. 

fi.E., # 34* 10 *yx experience covering design; 
cost estimating, and equipment sperifications of' 

■. December>193^ .. 


' r l 57 Post St. 205 West W^ker Drive 

San Francisco M Chicaso 

- -r. • ' * - . ^ n 

o ••••■• T 5 •• 

h d AINtAlNH) by the netlonal wcietles of elvll, Oppei 
f>lwl minlnS/ ■echanleal, and electrical engineer*. Ins posit 
In coopefition with the Western Society of Ensl- - eooperat 
neerSf^Oiicaso, aw thw Enslneer*’ Club of San quarter o 
Fftnctsco: An Inquiry addressed to any of the 0 
. three offftls.wiM ^rlns Ml Information cbncemlns . Vilun 
the,services^of this bwtau. through t 

Men Available.— Brief announcements will be * nce by 
published Without diarger repeated.only upon “* y **“« 
specific request and after one month s Interval. me nrsty 
Names apd recomis remain on file for three months; . . _ 

renewable upon" reqitf^k. Send announcements Answ 
direct to Employment Servlet, 31 West 39th Street, number I 
New York, N/1Y>, to arrive not later than thq York off 
fifteenth of thq month. ' '15 for^orw 


31 West 39th St. 
New York 


n Opportunities. —A weekly bulletin of engineer* 
Ing positions open Is available to members of tine ( 
— cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 

O n - • . 

; Voluntary Contributions.— Members, benefiting 
through this service are Invited to assist in Its further¬ 
ance by personal contributions made within *90 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. o 

• • e . 

PsnWers fp AnnoOicements. —Address the key 
numlpter Indicated In each case and mall to the New 
York pfffee, with an extra three-cent stamp-enclosed 
for^orwardlng. " 
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ASSOC. ©R**ASST. PROF. E.E., age 34 r 
8 . in E.E. and.M.S. in E.E. eftefcrees. Five yrfli 
achinz experience leading tech, school, 3 yr as'' 
st. pK>f. Four yr in charge of education andi\ 
training for national technical corp. Any location. ): 
C-8967. ♦ . ** 


Junior Engineers % * <. 

M.S. in E.E. 1932, Univ. of Pa., 23, single, de¬ 
sires position affording e.e. experience. Salary 
secondly. Go anywhere. Available immediately. 
D-lflOl* 

J1RAD. E.E. 1929, M.S. in £.E. 1932; 18 months’ 
tes^HBprieifte at G. E. Co. «with all types of elec, 
machinery, also some research experience. De- ' 
sires engg opportunifcr. Salary and location 
secondary. Assailable immediately. C-9003. 

E.E. GRAD., 1932; Rensselaer P. I., Sigma Xi: 
•82; single. Desire® work in an f elec, field. Salary 
and location immaterial. Available at onfe. 
D-1296. A * 

I.E.E. GRAD., Pratt Institute, ^.932, 20, single. 
Specialized illumination. Completed Westing- 
house illumination course. Capable and not afraid 
of hard wdtk. Excellent references. Desires 
any kind $f work in elec, field. Location immate¬ 
rial. Available immediately. D-1594.^ 

1032 GRAD. E?E., 5l.S., from So. Dakota Univ., 
22 , single and in excellent physical Condition. * 
Best of character standing and willing work 
hard, starting at the*bottom and working up. De- 
fires any position that wF3 pay living wage. Loca¬ 
tion immaterial and available immediately. D- 
• 1635^393-Chicago. 


a M.S. in E.E., Johns Hopkins Univ., Univ. of Pa. 
fellowship holder, married, good health, analytical, 
28. Two y*» teaching experience, mathematics, 
physics, e.e., 2 yr practical, theoretical experience, 
long-distance telephone transmission from New 
York to San Francisco. Desires teaching, perl* 
sonnel, research along mathematical-physical lines,. 
or invites correspondence. Excellent references. 
D-1609. 

E.E., 28, married, has 3 l /« yr experience in lab., 
testing and research work, defires position, prefer¬ 
ably with small concern any whereAn U.S. D-1657. 

Research and devmt. Wqr, b.s* and 

M.S. in E.E. Tffwo yf additional grad, work in 
physics. Single, 2S. Five yr with Westinghouse. 
Experimental work" dealt with arc rupture, con¬ 
trol apparatus, and the use of X-rays to study 
molecular structure. Location and,salary secbn- 
dary to position, with opportunity for future. D- 
1331. • 

HYDROL 6 GICAL & METEOROLOGICAL 
RESEARCH ENGR, B.S., M.S. & E.E., 7* yr 
hydroelec, experience in large publ$ utility engg 
dept., '3 yr studying climate cycles, ground waters 
and storage reservoirs, forecasting precipitation 
runoff and storage, testing flow lines, penstocks and 
turbines, making stream measurements and snow 
surveys. Location U.S. or foreign. C-68S3. 


E.E. GRAl£, Peifrf State, 1932. Honors, 22,„ 
single. Some experience in Shortwave receivers. * 
Desires research work in short-wave, ultra short¬ 
wave, photo electric cells, vacuum tulles, etc.," 
also radio communication at sea. Either foreign 
or domestic field. Salary secondary. Available 
now. D-1513. r 

<T 

Sc.D. in E.E. M.I.T. ’32; 7 s yr Univ. education; 

9 fvr prajzt. exp., power, communication and busi¬ 
ness engg; 2 yr testing course; publications. 

• Extensive knowledge of r&pguages; available. 
Location immaterial. D-7«V 

V * 

Sales * * p • 

SALES EFfGR, 30, single, E.E. grad, of a 
reputable, one yr ^engg school. Five_yr experi¬ 
ence selling industrial, and central station infiru- 
ment£ Desires positron as salesmdh with a-fugh 
grade mfg. concern.' No particular line desired. 
"Will travel, location immaterial. C-1570. * 

Testing n 

ELlEC. INSPECTOR OR TEST MAN, 29, 
single, 8 yr n experience with power and manu¬ 
facturing companies. Also experience with Auto¬ 
matic telephone equipment and communication. 
Knowledge* of theory as well as practise. Gan 
furnish best of references. Location immaterial. 
Available at orfce. D-1618. 


• A.B.in M&tuematics Oberlin Colie 
single, meJnbet- of Eta Kappa N 

•salary immaterial. Want to 

• Available at once. D-1640. ^ 


M 




£ ' * 


experience. 


RECENT CORNELL GRAD* 23, single* hold 
ing B.S.*in E.E. and M.S. deg.; desires connec¬ 
tion with opportunity futtH»> responsible 

technical position. ExceliC s "^**Volastic and per¬ 
sonal Records. A little facto..' experienced D- 
1021 , 

B.S. in E.E. 1931, Mich. Col. of Min. & Tech.? 
single, 23, Tau Beta Pi. Desires work in any 

Atrcror ^aM TtYnpriAnAA • 3 mnnlho 1 ourKd un't*in nr 


map drawing. Sp< 
northern.half of U.S. 
D-1650. ' 


preferred. Available at once. 


YOUNG *»NGR, 2& single. Brooklyn Poly, 
nst. evening studen<y> 1927 to date. Five yr 


Recommended ~. 

for Transfer * ♦ • * 

The board of examiners, at ith meeting of Noqgm- 
ber 9, 1932, reccffnmended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should he filed 
at once with the acting national secretary. 

.JTo Grade of Fellow • • 

^‘iyon, Wald*4w., prof.»o£ elec, machinery, Mass. 
Inst, of Tech., Cambridge, Mass. • • 

Merwin, Louis T., vice-pres., and gen. rngr., 
Northwestern Elec. Co., Portland ..Ore. 


Inst, evening studenb/1927 to date. Five yr Merwin, Louis T., vice-pres., and gen. mgr., 
• varied experience^steam and elec RR construction, Northwestern Elec. Co., Portland^Ore. 

secretarial. Well versed in mathematics. De- Sabbah, Hassan Camil All, elec, engr." Gen. Elec, 
sires nofition in any engg field. Available im- Co., Schenectady, N. Y. 

mediately; location, New York City. C-8072. SheehSn, John E., chief engr., Houston Lighting 

* „_? & Pqwer Co., Houstof, Texas.^ _ 

«• B.S. IS E.E. £927. Mamed, 28. Five yr ex- • : 

perience in telgtfhoSe work. Desire engg work of To Grade of Member # • 

• any nature or position in law department of mfg. Adieu, Wm. M., asst, to distribution engr., Bronx 
congern. Available immediately. D-1073. Gas & Elec. Cp^, BronR N. Y. * 

*__• _____ Beckman* Joseph S., enfr. of plant extension,* 

E -E- GRAD., M.I.T,, S.B., 1931, S.M. 193$^^?v Bell Tel. Co. ‘of Pa., Philadelphia, Pa. 
single. 18 months experience with Edison 1 , . Bricker,- L. B., division maintenance supervisor, 

trie illuminating Co. of Boston as a cooperative * Southwestern Bell Tel, Co., HoustonV*Texas. 


stdtient. Oe«ires • position* in power transmission 
but is interested in anyjposition with a reason- 

* able chance for advancement. Location immate¬ 
rial. References. -D-1685. ^ 

GRAD. E.E., 1929, single, 24. Fifttbi months’ 
studCht engr on G. E. test; Some test, drafting 
and switchboard construction experierige before 
graduation, 'interested in position with concern 
ft doitig consultings or construction work or with 
utility, or mfr. Available at once. VJfbcation any¬ 
where in U.S.. but- New Englandf^referred. C- 

8028 * i • 

' t ." 

B.S. in E.E. recent, 4 yr radio experience. 
Desires any position, mouerate .salary. Age, 22 
'years. D-1488. , • 

. B.S. in E.E., J.932, single, 21. Gained experi- 
m ence in elec, instrument plant during cooperative 
course. 'Desires any position for experience. , 
Salary secondary. D-1578. 

* 0 

* Maintenance and Operation •' 

■a PRACTICAL ELEC. CONST. AND MAI NT.^ 
CHIRF, age 32, single, 14 yr experience in con- 
stnrctibn work, also maintenance and operation of 

* mines and industrial plants. Last 4 yr in Latin-• 
America. Can speak Spanish and German well. 
Available immediately. ^Location, immaterial# C- 

«i .'**■ - ■ 

';•* ELEC. GRAD., 15 yr broad experience, factory 
testing,' construction, substation operating and 
maintenance. Theoretical and practical. Desires 
position of responsibility. C-38. 

A - 

• • • Research ; # 

RESEARCH; testing/and r&earch tngr: pliys., 

: tests-of materials, metallography, X-ray and«pec- 
troscopic structure “analysis. Well versed in 

iftnveiAO T onmillnmfl. 'E'— « 


Bureau, E. A., prof, of elec, engg., Univ. of Ken¬ 
tucky, Lexington, Ky. 

Burrows, C. R., radio research engr.. Bell Tel. 
Labs., Inc., Deal, N. J. 

Cannon, Robert S-, pwr. plant foreman and elec, 
engr., Lago Petroleum Corp., VenAuela, S. A. 

Gould, Leroy B., inductive relations engr., New 
England Tel. & Tel. Co., Boston, Mass. 

Howarth, Oliver? techniflU engr. and meter supt., 
Lancashire Elec. Pwr. Co., Manchester. Eng. 

JohjtfEik.Rotfce E., director, elec. stds. lift, and * 
p i-»i..riictor in elec, engg., Univ. of Wisconsin, 
Madison, Wis. 48 * * * 

Lidbury, Frank A., pres, and gen. mgr., Oldbury 
Electro-Chemical Co., Niagara Falls, N. *Y. 

Mueller, Walter E., patent solicitor, Denison & 
Thompson, Syracuse, N. Y. • » • ^ 

Ortlieb, Otto P., «ogr. of street lighting, City of * 
Trenton, Trenton, N. J. 

Pokorny, Jerome J., elec, engr., (Slevelajid Elec. 

Ill. Co., Cleveland, Ohio. • 


Applications • * 

for Election • # 

Applications have been received at lieacftiuarters 
from the following candidates /or election to 
membership in the Ingtirtite. .Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immetliately wfter the name. 
Any member objecting to the election of any of 
these candidates should scF inform* the actidg 
national secretary beflige Deb, 30, 1932. * 

Adams, E. F. t 839 Moiyoe Ave., Elizabeth, J. 
Anderson, I. Jr., 108 f Burt*oat St., Worcester, 


Barnett, H. G., Oreo State Col. Corvallis, Oregon. * 
Beale, F. S., 1802 Cl^eland BlvdL, Galdwell 
Idaho. 

Beard, W. G., Rippowam, Ridgefield, Conn. 
Beckert, J. E., 27 Clarendon Place, Buffalo, N. Y. 
Bell, J. S., Mass. Inst, of Tech., Cambridge. Mass. 
Brainard, W. E., 12222 Taft Ave., Cleveland, Ohio.. 
Briansky, D., 6730 13th Ave., Brooklyn, N. Y. 
Brigham, E. R„ 1503 Superior St., Toledo, Ohio. 
Brown, J. D., Hatfield Wire & Cable Co., Hillside, 
N. J. 

’Brug^nk, C. P., 309 10th St., Hoboken, N. J. 
Burmiester, H., Safe Harbor Water Power Corp., 
Safe Harbor, Pa. r, 

Calkins, D. S., Henrietta, N. Y. 

Carlson, R^W., No. Dak. R/P R. Commission, 
Bismarck, N. D. ? 

Carson, H. E., New England Power Engg & Service* 
Corp., Worcester, Mass. „ 

Colegrove, W. D., Remus, Mitfh. 

Collins, J. E„ National District Telegraph Co., 
New York, N. Y. • 

Crawford, E. J., Oyama, B. C., Canada. 

Deck, H. A., G«fi. “Elec. X-Ray Corp., Dallas, 
Texas. • 

Devine, J3. A., City & County of San Francisco, 
Calif. 

Frey, G. O., Warner Bros. Theatres, Inc., New 
York, N. Y. r * 

Gammons, J. M., Southeastern Bell Tel. Co., St. * 
Louis, Mo. • 

Gegelj^, C., United Electric Lt. & Pwr. Co., New 
York, N. Y. 

Gerlach, W. G., Gen. Elec. Co., Toledo, Ohio. 
Gustafson, W. G., Bell Tel. Labs., Inc., New-York, e 
N. Y. * 

Hagood, G. B., jt., Winnsboro, S. C. . 

Hanson, J. W. (Membefv, Columbia Engg. & Mgt. 
Corp., Cincinnati, Ohio. 

Harvgy, G* C., Gibbs & Hill, Inc., Rahway. N. J. A 
Hatfield, L. N., KWSC, State Col. of Wash.. ^ 
Pullman, Wash. »• 

Howard, R., The Saskatchewan Pwr. Comnsismno 
Regina, Saskatchewan, Can. * *7 

Hawley, E. F. ( Ormstown, P. Q., Canada. 
Heidenreich, E. C., Dental & Medical Elec. Equij* 
ment, Buffalo, N. Y. * 

Hope, H. W., 338 Harvard St., Cambridge, Mass. 
Howell, W. J., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. • > 

Hudgins, W. D-, 1422 Arch vSt., Berkeley, Calif. 
Hutchinson, M. C., 310 West 14th St.? New York, 

N. Y. 

Johnson, H. W., 31 Washington St., East Orange, 

N. J. 


Barbee, G. Ql. Southwestern 6ell Tel. Co., St. 
Louis, M 8. • a 

* * 

% . - * • 

• . • 


Johnson, V. T., 3010 Bellevue Ave., Los, Angeles, 
Calif. * ° r 

Ju^Vu-one, N. T., Otis'Elevator Co., Yonkers, 

ISgfclbatSb r *M. E., Kahlbaum Brothers, CarletOn, 

' Mich. 

Kastens, R. H. C., 105 Hauxhurst Ave., Weehaw- 
ken, N. J. „ ^ . 

Kelsay, W. £>., 401 Martinique St., Dallas, Texas. 
Kowalewski, H.»M., B. F. SturtevantciCo., Boston, « 
JM&SS; . • v 

Kuhlman, P. W., 509 Smith Ave., Detroit, M#slf. 
Laine, M. W., 540—40th St., Brooklyn, N. Y. : 
Libby, C. C., University of 'Sincinriaa, Cine,, 
Ohio. * ».« 


electrical Engineering 




4 **» ' • 

B. % Sturt^ant Co. 


Hyd® Park, 


Lindsay, V. H. 

^Lindsley,. R. P. Jr., So. Methodist Univ., Dallas, 
, Texts. , 

Lockie, A. McL.f Rensselaer Polytechnic Inst., 
Troy, N. Y. 

Mahalak, A. F.,4Wichigan Alkali Co., Wyandotte, 
•Mich. . * * _ 

Malone, C., Jr., Monongahela West Petpj Pub^c 
Service Co., Fairmont, W. Va. 

Martinson, E.' O., 5, Harrah, Wash._n 


, Harrah, 
Termon Ave., N. 


S., Pitts- 


McCracken, G. I.,__ 

burgh, Wa. « 

•McFarftn, V. S„ 922 Beaaon St., Boston, Mass. 
McNamey; H. J„ 158 Wesfl&MapleaSt., Wabash, 
Indiana. JL — .« 

Miller, H. <W. R., New York TSl. Co., New Tork, 

Y. * • c. * » 

Mille?,»W. H„ 1056 North HSgh St., Columbus, O. 
Mitchell, F. H„ Mitchell Radi&ervice C*., Mobiie, 
Ala. 

Morgan, J. M., 737 Ridgway Ave., Morgantown, 
W. Va. 

Morton, P. L., .Firland, Richmonfl "Highlands, 
Wash. © .*, 

MovAt, D., Saskatchewan I^pwer Commission, 
Regifla, Saskatchewan, Cfttn. a • 

Mttnroe, J. P„ 120 Hobart St., Ridgefield Park. 

N. J. • *. 9 

Osgood, V. L. (Member), Hardwiclc-Hindle, Inc., 
• Newark, Njj. 'o 

Parsons, C. B., 1261eAtla'ntic St., Portland, Oregon .a 
Pashek, R. J., 1969—25th St.’, Detroit, Michigan. 
Rahlke, H. W„ P. O. Box 195, Salem, Ohio. 
Ranson, L. R,, Gen. Elec. Co., Schenectady, N. Y. 
Reizenstein, M., Jr., 2134 Brookfield Ave., Balti¬ 
more, Mri. • • _ 

Riedy, 4KTF: R., ifoute No. 4, Allentown, Pa. 
Roberts, F. F., R.4fc. D. No: 2, Parma, Idaho. 
Rdgeaa, A. G., Glio^Mifh. ~ n, 

Roswell, E. R., P. O. Box 203, Devon, Cflnn. 
Scrutchin, C. G., 227 Haftcock St., Eecsrtur, Ga. 
tchler, F* 1C., Great Western Sugar Go., Ovid, 
Colo. ■ 


Swn, J. W., Southern Bell Tel. & Tel. Co., Louis- 

Stantmnt’aV., United ElVtric Lt. & Pwr. Co.. 

New York, N. Y. ^ 

(Sterling, O. R., Hop Bottom, Pa. 

Stewart, H. M., Humble Oil & Refining Co., Bay- 

town, Texas. _ _ _ 

Stieg, H. R., 157 Monroe St., Hertford, Conn. 
Tanko^ch, J. G., 497 East 11th Ave., Columbus. 

* Thomas, R. G., Carolina PvJr. & Lt. Co., Raleigh, 

Wals? W. C.fl Rt! No. 2, Box 379, Gilroy, Calif. 
Warmer, L. R., Phila. Elec. Co., Philadelphia, Da. 
Wiedenheft, A. H., Good Thunder, Minn. 

Willson, W. H., Jr., Randall, Iowa. 

Wells, M. F., 261 Hartford ’Ave., Wethersfield. 

West C °C n 'v.. 2001 Barton‘Ave., Richmond, Va. 
Weston?.F. I?., Sage Allen & Co v Inc., Hartford, 

Womack?S. H. J., Bureau of Standards, Washing- 

Woadruff, R. T., 232 E. Broadway, Girard, Ohio. 
Wooded, M. W., Cheyenne Wells, Colorado. 
Young! C. E./JoWls Hopkins Urnv., Baltimore, Md. 
Zeitz, A., 264 Berriman St.. Brooklyn, N. Y. 

95 Domestic 

Foreign 

Lauiier, V., 37 Sda. San Paolo, Cospicua, Malta. 
Lindorf, L.;S., Bol. Kommumsticheskaia 7 Kv, 1 
Moscow 4, U.S.S.R. . — , .- 

Lloyd! H. S., Metropolitan-Vtckers Elec. Co. Ltd., 

Traford Park, Manchester, England._. 

Sarda, P. M., Ratan Pole, Nagori Pole, Ahmedabktt, 

SinghfS h!, Simla Municipal Committee, Idgah, 
Simla, India. _ , . .. 

Swami, T. V., Elec. Dept., Cocanada, India. * 
Tharani, J. J., Elec. Pwr. House, Veraval, Kathia¬ 
war, Manavadar, India. 

7 Foreign „ 


New Yor 
538 p., illus., 


td London, MeGraw-Hill, 1832. 
$5.00. IntendejJ both as a 



JMi 


U nless otherwise specified, b^pks in this 
list haV»e been presented by the publishers. 
“The society* does not assume responsibility 
for any statement made; these are taken 
fr om the preface or the text of the book. 

All books listed may be consulted in the 
Engineering Societies library. 

BERECHNUNG von GLEICHSTROM-KRAF- 
TtjBERTRAGUNGEN. By O. Burgef. Berlin, 
Julius Springer, 1932. 82 p., illus., 9x6 in., paper, 

6 A0 rm.— A practical discussion of the calculation 
of long-distance a-c tftmsmigsion lines, in wtadi 
attention is paid to economic and eleCtncal^actors. 
Various methods of transmission are compared. 

COMPANY ELANS FOR UNEMPLOYMENT 
RESERVES, wishington, D. C., Chamber of 
Commerce of the U.S., Dept^i of Manufacture, 
1932. 42 p., tables. 9xt in.; paper, gratis.—To * 

assist employers who d«ire to devise means for 
protecting their staffs from unemployment. .Pur¬ 
pose knd advantages of company reserve -plans, 
coverage and experience of existing plans, P r °- . 
cedures for establishing plans, and development of 
^•uSRortn plans by industnes or communities, are 
discussed. 

ELECTRIC AND MAGNETIC ^lELDS. By 
o rfi Attwood N. Y., John Wiley & Sons, 19o2. • 
314 p; Ulus!, 9 x 6 in. cloth, $3.50.-Represents 
a course giyen to students of E.E. at the Umy. 
of Mich., to coordinate the und^-class work in 
mathematics, mechanics and physics with pro 
f essiorfal w«rk of the last 2 years.. The book is 
in 4 parts: electric field; magnetic field, ferro- 
rnagnetic field; and combined electric and magnetic # 

fields. “ 


volumes, aims to provide a Systematic, compre¬ 
hensive discussion of the discharge ® f 
through gases, in which the needs of the experi¬ 
menting ph^icift and the research engine's? will 
be given opnsfiferation Cbove those of & student 
• of ■ atomic* physics. This volume de/elopsthe 
‘basic laws of discharges 

concepts, without using difficult mathematical 
jiroce^es aud compar^ t^em.with ex^ffmental 
results. « 

HANDBOOK of CHEMISTRY and PHY SICS. M 
Edit. % C. D. Hodgman. IT ed - 
Ohio, Chemical Rubber Pub. Co., 1»3, 2 - }.<J 22 
p., tables, 7x5 in., leather, $6.°p v —This edition 
has undergone an extensive revision which has 
resulted in ail addition of 150 pages of new matter. 
1,000 new compounds have been added to the 
table of physical constants of organic compounds, 
which now includes over 4>0 P° ®, ubs ^™5 e l; 
the former data' carefully corrected. The mathe¬ 
matical section has been Calarged'by adding severa 
useful tables; new tables have been added to all 
divisioCs of the book. r 


ELEOTRONS ANI) WAVES. By H. S. Allen. 
t on d & N. Y., Macmillan Co., 1932. 33^ p., 

tuns*; 8x5 in., doth, $2.50. ConsistgAsf 1<J Wes 
doling with recent progress in our J.terledfceof 
the constitution of matter and tfi. . ^atm<^W 
; radiation. Intended, for readers who have not 
specialized in physics, but who wish something 
rnore thau *an Mltirelv elementary account of the 
subject. Such topics as relativit^gthe <iuanjum 
the ory, radioactivity ,and wav^ mechanics are 
•pMsehted in this concise outhne. 

ELEKTRISCHE GASENTLADUNGEN. Bd. 

-i ^Bv^Av- El^el and M. Steenbeck. Berhn, 
T* ftonuftr, 1932. 248 p;, illus.,-*10x6 m,, doth, 
ie.M «3| ^?TUs treatise, whichj^will comprise 2 


I 


Instrum^its Pub. Co.* 1932. 309 p,, ilius., 10x6 
in., el^i, $4.00.—Having presented the, fundr> 
mentals of industrial mstrunrSRation in his first 
volume^Mr. B4har. now takes up 2 subjects, the 
measurement and control of .temperature and of 
humidity. Detailed information is presented upon 
thermometers, pyrometers. heT> recorders and 
controllers? and instrument for measuring and 
controlling hdnidity. -DeftSled .descriptions of 
thff prinmpal instruments on the market, and 
geneAl principles underlying them are presented, 

DieKttNSTLICHEiN KOHLENfflr delrtrische ' 
ttfen. ISlelftrolyse und Elfektrptechnik. By K. 
Amdt.*2 Atfiage. Berlin, J. Springer, 1932, 
336 p., illus., 5^6 in'., (feather, 38 rm.—A.compre r 
tensive account of the afirbon dectrode industry. 
After a short historical introduction, raw materials 
are considered, their mixing, ignition and prepa¬ 
ration described. Chapters then . follow upon 
chemical, physical* upfi microscopic testing and 
upon the ustibf car*v>n electrodes in furnaces and 
baths. Car dobs for arc lamps, brushes, Jjattenre, 
microphones, and other purposes are discussed. 
THfe book is a rewritten edition of Zdlner s work 

* K.EFRIGERA'f ION, induding Air .Conditioning 
and Cooling aird Household iftitomShc Refrigerat¬ 
ing Machines. BVnJ. A. Moyer and R. U. Fittz. 2 

■A /• r 


textbook and reference work, as a useful oiTline of 
■currentConditions and practise. The theory,of re- 
ffrigeration and the methods in us^ are described and 
explained. New features? of in-proved fiesigns of 
household and small com^iersial.refrigerators, silica- 
Al systems, revised data on ijlfrigerants, production. 
of dry ice, applications of quick freezing, 2nd air * 
conditioning, are described. 

REWINDING SMALL MOTORS. B# D. H. 
Braymer and A. C. R«e. 2 ed. New York & London,^ 
McGraw-Hill, 1932. ->263 p., illus., 9x6 m^cJafcK 
$2.50. Intended a^a gfiide tci, repairmen calfrrTTpon 
to rewind portable drills, motors for automobile 
starters, sewing machine^ vacuum cleaners, fans 
and other small machinery. A chapter on single¬ 
phase motors of the condenser type has been added. 

The directions are fqll and <f?tailpd and sufficient fo^ 

needs of experienced winders. 

STEAM PO&ER PLANT ENGItflBERING. 

By L. A. Harding. New York, John Wiley & Sons. 
1932. 777 p., illCs., 9x7 in., cloth, $10.00. To outline 
briefly in an elementary manner the major problems 
in the design of steam generators, engines, turbines 
atfTnccessories, to show their interrelations in power 
plant engineering, and to discuss the ecdhomic fac¬ 
tors involv'd in their selection. A large amount of 
practical data^TDt readily accsssihle elsewhere is as¬ 
sembled convenient form, making it useful - for , 
* referen^ as l -^11 as study. 

TABLES On^UBIC CRYSTAL STRUCTURE 
OF ELEMENTS AND COMPOUNDS. By I. E? v 
Knaggs, B. Karlik and C.M. Elam. London, Adam 
Uilger, Ltd., 1932. 90 p., ftbles, 10x6 in., clotb Us. 

6 d. A useful reference book for chemists apdgnetal- 
lurgists who use X-ray methods for thg^«*-»lysis of 
powders anrl crystals. One section upufi i loreanic Hf 
and organic substances; and anotjjfr Upon alloys. 
Each section gives table listing tk?subs^ances: al-© 
phabetically, and sjitematically by the side length ^ 
of the unit cube cell. The bibliographies contain 
over 9£I0 reference^. An attempt to tabulate all data ^ 
scattered through periodicals up to Augux£ 1931. 

THERMOdV^J^"^ . By J. E. Emswiler. 
NevfcYork & Lon .i, McGraw-Hill, 1932.^347 p., 
9x6 «n., cloth, $3.00. The special feature of this 
textbook is a progression from the topics most 
Tamilian to the student to those with which he is in¬ 
experienced. Study of the.steam engine comes first, 
followed by vapor refrigeration, permanent gas ma¬ 
tures a fid air heat engines;, finally the lajgs of ther¬ 
modynamics and the kinetic theory of heat. Earlier 
edition partly rewritten and nja^matter ad^ed. 

URBAN LAND USES,.Amounts of Land Used 
and Needed for Various PurposesJw Typical Ameri¬ 
can Cities, an Aid to Scientific Zoiling 1 Practice. 
(Harvard. City Planning Studies, v. 4.), By H. n 
Bartholomew. Cambi»dge. Harvard Univ. Press. 
1932. 174 p., 10x7 in., cloth, $3.50. The results of 
an investigation undertaken to determine file re¬ 
quirements of the American cify as to the land areas 
used for various purposes, the ra(*5s of ttise area* 
to a given population unit, andrtna'Jogous statistical 
information of aid in scientific zoning. These data 
provide a method for estimating the total are^ re¬ 
quired for each particular urban use for any giiflen^* 
population of between 5.000 and 300,00^ 

WORLD SOCIAL ECONOMIC PLANNING, 
the Necessity for Planned Adjustment of Productive 
Capacity and StandarQs of Liymg* 2 v. The Hague, r 
Holland, Inti. Industrial Relatons Jnst., also Room 
600, 130 JUst 22nd St.,JSTew. York, 1932. 935 p., 
10x6 in.,,* loth, $2.50.’,, Containing, papers and dis¬ 
cissions presented at the Congress in Amsterdam in 
1931, the necessity for planned adjustment of 
productive capacity add. standards ofdiving was dis¬ 
cussed by a group of economists $nd sociologists of 
many countings. ^ „ * 
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Engincering5ocietics Library 

29 ^est 39th Street, New York, N.Y. 

M AINTAINED as a public reference library 
of ^tsineerins and the allied sciences, this 
library is a cooperative activity of the national 
softies of civil/’electrical, mechanical, and min¬ 
ing engineers. ^ 

'• Resources of the library are available also 
to those unable to visit it in person. Lists of 
Inferences, copies or translation ©f brtides, 
#pd similar assistance may be pbt^ined upon 
written application, subject only to charges suffi¬ 
cient to cover thtewcost of the work required** 

A collection of modern technical books Is 
available to any member residing io North Am^- ■ 
ica at a rental rate of five cents peAday pzr 
Volume, qIus transportation charges. 

0 Many otHkr services are obtainable and 1>n 
inquiry to the director of the library*twill bring 

information concerning them. 
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leather case equipped W{th lock and key,* 


General Electric to Exhibit at Chicago 
„Fair.—The “House of M%gic,” a spectacular 
of the G-E resea^fch laboratories, "will 
be moved to Chicago foJj the 1933 World’s 
Fair as the outstanding feature of the 
General Electric Company’s exhibit. The 


exhibit will occupy ^,000 sq ft of space in 


the circular hall of the EFS^rical BuildiSg 
and will Represent an investment' of five 
hundred thousand dollars. ** 


Roller-Smith e Appointments.—Mark ^G. 
Mueller,*1700-lbth St., Denver, has been 
appointed by The, Roller-Sm*th 'co.,, New 
York, as district sales agent forT^e^tates of 4 
Colorado, New Mexico, arid tiwwestc^n. part 
of ‘Kansas. Burkholder and Kelley, 105 

• Cortleigtt.. Boulevarcs. Toronto, have been 

* appointed representatives for the Dominiffh 
of CjSsalfe. 

> 


270,000 pounds, add was delivered in .3553 
iron flasks, each flask conta!hir£ .76 pounds. 
TSie value of the mercury in^he ^yhole jjrder 
is about $35^00, *as this shipment repre¬ 
sents <bnly half; # of the company’s needs. 
The remaining 270,000 pounds 0 will, .he 
delivered later and will be used fdegener¬ 
ating power in the new # mercury turbine 
plant being built in Schenectady.'^The 
total order represents about 89j?er aenfc of 
the mercury consumed 15y Ihe tjnited 
States in an average year. 


in addition to hand and shoulder carrying?) 
straps. The set is particularly adapted for 
determining the actual voltage and loading 
on transformers, motors, etC, for balancing 
secondary transformer loads on tmee^Wre 
. services, or for checking power consumers’ 
ldads and voltages. I^nay also be used 
to check single or thrm-pfiase.kCa. 
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RocktJ&ato-v Moves Chicago Office.— 
^The Rctekbestos Prodfi?ts Corp., New 
Haven, Conn., manufacturers of asbestos 
* insulate^} wires and cables and flexible 
cords,’'announces a cl^'^J^tiiie’location of 
its Chicago office and waS_fiouse fronfthe 
Madison Terminal Building to the, Mar¬ 
quette Building, 140 So. Dearborn St* 
Chicago, Ill. 


Bristol Opens . British Factory.—The 
Bristol Co., Waterbury, Conn.-,. announces 
the establishment of a British* factory at 
^London, under the name of Bristol’s Iflstru- 
ipient Co., Ltd. Since 1889 the Bristol 
Company has had a very substantial trade 
with Great Britain in it£ lisosf rewarding 
m instrument?, its selling activities in that 
country being handled by J. W. & C. J. 
Phillips;Ltd., as sales agent. Although the 
general expansion program of g the company 
contemplated^ the foiling, of a British 
plant at some future time, thl altered 


0 


L. M? Christie Promoted by Rational 


economic and business f ituatio« ijgithin Blvd., New York 
Great Britain made an earlier establishment r 
for manufacturing in that country seem 
advisable. HowtanJ Bristol, president of 
The Bristol Company, recently made a 


Arc Wglders. JL -Bulletin FW-2, 20 pp. 
•Deseribesfne improved dine of P & 1 } 
Hansen arc welders, designed by K. if. 
Hansen. Hamischfeger Corp., Milwaukee. 

Condensers.—Catalog, d6 pp~. dndufjed 
in this complete s line a^ series of oil 

impregnated, oil filled paper condensers 
especisGly'"adapted. for use wit£ capacitor 
motors, power factor correction and other 
industrial applications. Electrolytic, paper ? 
an£ mica condensers are also described. r 
Dubilier Condens&r r Corp., 4377*^ Bronx r 
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Fireproofing Corporation.—L. M. Christie ^^Special trip to Londo» to investigate the 
has been elected tviee-nresirfent nf flip ^Situation. durinfr kis visit laid the okns 


has been 
Nation# 


elected ’vice-president of the 
1reproo£tjg Corporation, Pitts- 
* burgh* with which 'he^s been connected 
Since T902. He will continue in charge of 
engineering end of the conduit 
Mif } £hristie has been identified 
ay eoriSuit branch of the electrical 
industry alniolt from its inception, coming 


Wire Rope Slings^-Catalog, 86 pp. In¬ 
cludes the latest available information on 
various types of slings now being used in 
shop and field for the handling of all kinds 
*>of loads. Numerous illustrations show the 


Situation, «* d jiurujg kis visit laid*the plans' * of loads - Numerous illustrations show the 
and arranged for the formation of tke application of these slings in handling heavy 
British comsamf The new nlaat. located apparatus and castings. John A. Roeb- 


the "sales 


> 0 , £ 


to the states from Windsor, Canada, in 


S) enter the gmploy of John T. Mcjk y-. 
Tbs latter jvas. an inventor and a pioneer 
manufacturer of the present type of multiple 
duct d@.y co^Sul’ fof* housing telephone, 
telegraph^ and electri^Udwer catf^lines. 


Calculating Board im; Regularise by 
Utility.—^Stfidies of power flow, regulation, 
losseg, power factor and system stability are 
made quickly and easily on thtjfalternating- 
curxCmt calculating boat# recently installed 
the engineering department 


m 


of the 
^Chicago. 


Commonwealth Edison £_-_ 

Built by the Westirighouse Electric & 
Manufacturing' Company, it is said to be 
the fiist alternating-current ca lculating 
board to be placed in regularise by an 
operating utility. It operates on atre«* 


British compand The new plaj*t, located 
at 144 Pomeroy St., New Crras, London, 
comfi&ts of an office budding two-story 

factory^building of modern Con^cruction, 
and js prepared t® manufacture and service 
the e^^plete lipe of tfce company’s in&h 
eating, “tecoJ-ding ancf 1 controlling instru- 
^megts. ^ v •. •• , . 

A New Testing Device.—Ferranti, Inc., 
New York, has introduced a complete 
testing kit comprised of the dual range clip- 
on ammeter, which met with widespread 
acceptance a few months ago, and a three 
range portable volumeter. The clip-on 
ammeter has two scales, 0/100 and.,0/500 
reads accurately currents 
ranging from 10 to amperes without*tHe 
necessity of breaking the circuif-br the use of . 
split-core current transformers, Rthe in- 
Rrument is sttjjnly clipped over’ thereon- * 
ductor and the current is read, off directly. 
Jft can be operated with one hand,' 9 and is’ 
suitable for u^ either on thg ground or tip 
a pole. The second instrument Hv*the set. 


apparatus and castings. John 
ling’s Soni^Co., Trenton, N/J. 


C 


Square Case InstrCments^Bulletin tr 
20546, 8 pp., Describes^ a new line of 
switchboard square-case instruments, in¬ 
cluding ammeters, ^milliameters, voltmeters, 
milli-voltmeters, single and polyphase power 
factor /meters, frequency meters, and 
synchroscopes. Both a-c and d-c instru¬ 
ments are intended for service on lafge 
switchboards of steel, "ebony asbestos, or 
slate. * Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

rt.l" 

Zinc for Die r Castings.—bulletin 20 pp. 

♦ Illustrates a multiplicity of uses for zinc 
die castings. Charts and table on the effect 
of aging f treatments on tensile strength, 
••impact stren®^y and dimensions of the 
"Zamak’’ alloys are published for the ff?s^ 
time. Heat treatment for stabilising the 
dimensions «and properties of a zinc diT 
casting alloy is also discussed. New.Jer^y 
Zinc Co., 160 Front St., New York. 


$ue®cy of 440 cycles. On it can be re- f the triple range portable voltmeter, has full 
prtfdtfeed in terms of circuit constantsscales of 150, 300, and 600 vollg which : ^ke 
* whole or any part of the Commonwealth 03X6 ^e standard distribution vctltagfes of ^ 

1, 220, 440, ana 650, This met^, air 


Eclison spe*systetn. 
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. General Electric Receives Largest Mer> 
|ry Sbibment.—What if probably the 
j^est single shipment of mercury ever 
made' arrival ; bt N e ''y York recently for the 
"General Electric Company, to us^!*in 
|geneEatm^power in the new 2Q^300rlplowatt 
■ mercury Wbiqe just installed k the Ke&ny 
.feStotion of the Public Ser^e Corporatto^of 


Metal-Clad Switchgear.—Bulletin -GEA 
1661, 12 pp. Describes type b®^ 6 , latest 
gG-E metal-dad switchgear, for a vjide range 
1 of applications—central and 

j atupliarv circuits, indfistfM plants, etc. 
O Tlfi/prito^bal improvement of many 5 r in this 
^fraralr is the use of oil-blast dtouit ; 
...... . or alternating, breakers having intertoPting ratings’’ from. 

current aiad is independent bi frequency Z 50;OOQ to 500,000 kva^lS.SO&voits and up 

between 26 and l£\cyife. b(K) con^of I 

The two instniffients in this^set toe}: co&plete; ^ 
accur%%e and convenient, * nd although of %• , ment witib a stationary ^tnd remdvbble 

® rp rnKl1c+ in element. Gmeral : Electri^Co.^^hepec -1 


though^-of the movina irojt'type, has 
compa^fively high ffesistance, makitig j 
readings extremdy accurate. It is suitable 
for use on either 


-v -«-“VU- W* preciSioMU 

Nctf. Jersey, , The? shipment ^^cRsi^t^P structioh. 
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